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YIELD MAXIMIZATION OF TOMATO (Solanum lycopersicum L.) BY 

IMPROVING SEEDLING CHARACTERS USING CHITOSAN RAW 

MATERIAL POWDER UNDER SILTY CLAY LOAM SOIL 

 ABSTRACT  

Chitosan is a natural biopolymer which stimulates seedlings growth, supply plant nutrients 

and modifies growth, yield and yield attributes of plants as well as induces the immune 

system of plants.  A field experiment was conducted at the net-house of Sher-e-Bangla 

Agricultural University, Dhaka-1207, during the period from November, 2019 to April, 

2020 to study the yield maximization of tomato by improving seedling characters using 

chitosan raw material powder under silty clay loam soil. The experiment was designed with 

four treatments using three different levels of chitosan raw material powder in the seedbed 

soil. The used treatments were: T1 (0%), T2 (0.1%), T3 (0.5%), T4 (1%). The experiment 

was laid out in a randomized complete block design (RCBD) with five replications. Result 

revealed that application of chitosan raw material powder improving seedling characters 

such as seedling height, seedling fresh weight, seedling oven dry weight and seedling 

strength. Result also revealed that chitosan raw material powder increased plant 

morphological character e.g. plant height, reproductive and yield attributes such as number 

of flower bud/plant, fruits/plant and fruit yield over control. With increasing the doses of 

chitosan raw material powder, most of the morphological, reproductive and yield attributes 

were increased, whereas control plants showed the lowest value of the above parameters. 

Most of the morphological, growth and reproductive attributes were recorded maximum in 

the T3 treatment. The experimental results revealed that treatment T3 having 0.5% chitosan 

raw material powder perform well and produced highest seedling height (15.1 cm), 

maximum fresh weight/70 seedlings (65.28 g) and oven dry weight/70 seedlings (5.40 g), 

seedling strength (5.09 mg/cm), highest plant height at 65 DAT (98.98 cm), number of 

flower bud/plant at 65 DAT (252), minimum days for first flowering (34.80), minimum 

days for 100 % flowering (39.80), no. of fruits/plant (44.93), average single fruit 

weight/tomato (51.52 g), fruit yield (74.21 t/ha) and fruit yield over control (16.06%).The 

experimental results also showed that soil organic carbon content, soil organic matter and 

% total nitrogen was increased significantly with the application of chitosan raw material 

powder in seedbed soil. The chitosan raw material powder also increased pH of the seedbed 

soil. Taken together, the experiment results indicate that application of chitosan raw 

material powder in seedbed soil have significant effect on the improvement of seedling 

characters that maximize yield of BARI tomato-15.  
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CHAPTER I  

INTRODUCTION 

Tomato (Solanum lycopersicum L.) belongs to the family Solanaceae. Tomato is one of the 

most popular and nutritious vegetable crop in Bangladesh as well as all over the world. 

Tomato is cultivated all over Bangladesh due to its adaptability to wide range of soil and 

climate (Ahmed et al., 2017). Tomato is widely grown not only in Bangladesh but also in 

many countries of the world because of its taste, high nutritional value, multipurpose uses 

and commercial importance’s (Demirkaya, 2014).Tomato is one of the most popular 

vegetables in the world, with an annual value exceeding 90 billion USD (FAOSTAT, 

2019). World vegetables production grew faster between 2000 and 2019, as it went up 65 

percent, or 446 million tonnes to 1128 million tonnes in 2019 (tomatoes accounted for 16 

percent in 2019) (FAO, 2021). In 2016, tomato was announced as the world’s second 

largest vegetable crop after potato (FAO, 2016). But in Bangladesh among the Solanaceae 

crop, tomato ranks 2nd which is next to potato (BBS, 2021) and top the list of canned 

vegetables. It ranks second in respect of production and third in respect of area in 

Bangladesh (BBS, 2021). In Bangladesh it is cultivated as winter vegetable (except 

summer tomato which is cultivated small extent), which cultivated in an area of 70460 

acres of land accounting for production of 415494 metric tons in 2019-20 (BBS, 2021). 

Tomato is a self-fertilized annual crop. Its food value is very rich because of higher contents 

of vitamin A, B and C including calcium, minerals, carotene and iron (Bose and Som, 

1990). Tomato has diversified use like salad, soup and processed into valuable products 

like Ketchup, Sauce, Conserved Puree, Marmalade, Chutney, Jelly, Jam, Pickles, Juice, 

Paste, Powder and many other products (Ahmed, 1979; Bose and Som, 1990). 
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Nutritionally, tomato is a rich source of antioxidant compounds such as vitamin C, 

lycopene and phenolic contents that support many health benefits. Lycopene in tomato is 

a powerful antioxidant and reduces the risk of prostate cancer. Intake of these exogenous 

antioxidants through daily diets can reduce the risk of heart disease (Liu et al., 2018), 

cancer (Forni et al., 2019), oxidative stress (Jing et al., 2019) and cardiovascular diseases 

(Mehta et al., 2018). 100 grams of red, ripe and raw tomatoes contain 18 calories, 0.9 g 

proteins, 3.9 g carbohydrates, 2.6 g sugar and 1.2 g fiber , 0.2 g fat, 0.07 mg vitamin A, 

0.01 mg vitamin B, 31 mg vitamin C, 20 mg Ca, 1.8 mg Fe, 129 μg carotene and 95% water 

(USDA, 2019). In Bangladesh, tomato has great demand throughout the year especially in 

early winter and summer, but its production is mainly concentrated during the winter 

season. With the increase of population, the demand of tomato in our country is increasing 

day by day. The estimated annual production of tomato  in Bangladesh  was 385, 388 and 

415 thousand metric  tons in 2017-18, 2018-19 and 2019-2020 fiscal  year respectively 

(BBS, 2021), which is  not  enough to  meet  up local demand for the country. By producing 

more tomato we can earn a considerable amount of foreign exchange through exporting it. 

So, by increasing tomato producing area, we can fulfill our demand but due to limitation 

of lands, it is not possible. The most logical way to increase the total production at the 

national level from our limited land resources is to increase yield/unit area and increase 

tomato cropping intensity. Tomato is considered to be a day neutral plant. The crop 

performs better under an average monthly temperature of 20-25°C. But commercially, it 

may grow at temperature ranging from 15-27°C (Haque et al., 1999). Plant could set fruit 

abundantly when the night temperature is between 15° and 20°C and the day temperature 

at about 22-25°C (Kalloo, 1985). In Bangladesh, congenial atmosphere remains for tomato 
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production during November to March. So, tomato is widely grown in Bangladesh usually 

in winter season. However, in Bangladesh the yield performance of tomato varieties is very 

poor. So, it is urgent to increase tomato yield by proper management and cultural practices.  

Application of plant growth regulator (PGR) seems to be one of the important practices in 

view of convenience, cost and labor efficiency. Recently, there has been global realization 

of the important role of PGRs in agriculture for better growth and yield of crops. Chitosan, 

a new plant growth regulator like GA3 that may have many uses to improve the growth, 

yield and yield attributes of plant. 

Chitosan is a natural biopolymer which stimulates growth and increases yield of plants as 

well as induces the immune system of plants (Boonlertnirun, 2008; Pongprayoon et al., 

2013; Sultana et al., 2017).Chitosan is a partially deacetylated form of chitin, a natural 

biopolymer from the exoskeleton of crustaceans, shrimps , crabs and fungal cell walls, 

which is biocompatible, biodegradable and a sustainably renewable cheap resource that has 

many applications, including in the agricultural sector. Chitosan (derived from 

deacetylation of chitin) is a natural polymer, which may be obtained from insects, 

crustaceans and fungi (Boonsongrit et al., 2006). Plant treated with chitosan showed 

significantly greater number of branches/plant than untreated control. In agriculture, 

chitosan is used primarily as a natural seed treatment and plant growth enhancer and as an 

ecologically friendly bio-pesticide substance that boosts the innate ability of plants to 

defend themselves against fungal infections (Linden et al., 2000). Chitosan was found to 

have a positive effect on the development of different crop plants (Chibu and Shibayama, 

2001; Wanichpongpan et al., 2001). Foliar application of chitosan alone or in combination 

with soil has significant effect on growth, yield and biochemical characters of tomato 



4 

 

(Parvin et al., 2019; Islam et al., 2016). Walker et al., (2004) showed that chitosan foliar 

treatment had improved yield more than the yield from other treatments. Hirano (1996) 

reported that chitin and chitosan have various biological functions, for instance, 

antimicrobial activity, growth inhibitor of some pathogens, elicitor of phytoalexins, 

inducer of chitinase including accelerator of lignification in plants. In agriculture, chitosan 

is used as a fertilizer (Lemondé et al., 2011), phytosanitary products and also used to trigger 

plant defense mechanisms (Le devedec, 2008). It plays an important role in the stimulation 

of plant growth and in mobilization of soil nutrients (Le devedec, 2008).  Chitosan has been 

shown to enhance plant growth in many species; for example rice (Oryza sativa L.) 

(Boonlertnirun et al., 2006), pearl millet (Sharathchandra et al., 2004) and the grain yields 

of maize (Guan et al., 2009). Application of chitosan to rice plants prior to drought stress 

reduced the subsequent leaf damage during drought stress and improved the yield 

components (Boonlertnirun et al., 2007). Indeed, chitosan is reported to induce the 

expression of several defense genes in many plant species, such as the pathogenesis related 

(PR) proteins like glucanase, chitinase, PR-1 and PR-5 (Jayarajetal, 2009), and other genes 

in the salicylic acid (SA) signaling pathway (Jayaraj et al., 2009). Chitosan has also been 

shown to induce disease resistance in many plant species. For example, it was shown to 

induce resistance against Blumeria graminis f. sp. hordei in barley by induction of the 

oxidative burst and phenolic deposition (Faoro et al., 2008), against Sclerospora 

graminicola (Sacc.) Schroet (the agent causing downy mildew) in pearl millet by activation 

of defense-related enzymes (Manjunatha et al., 2008), and against Alternaria radicina and 

Botrytis cinerea in carrots by induction of defense genes (Jayarajetal, 2009).Treatment of 

maize (Zea mays L.) seeds with chitosan increased the germination index, reduced the 
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mean germination time and improved seedling growth under low temperature stress (Guan 

et al., 2009). In addition, the application of irradiated chitosan to wheat and barley was 

reported to reduce the vanadium toxicity (Tham et al., 2001). The increase in hydrogen 

peroxide (H2O2) production by chitosan treatment was found to be required for the chitosan 

induced stomatal closure (Lee et al., 1999) , and nitric oxide was shown to act downstream 

of ROS production in this response, which is similar to the effects of abscisic acid (ABA) 

or methyl jasmonate (MJ) on stomatal closure (Srivastava et al., 2009). The enzyme 

activity and/or transcript levels of several antioxidant enzymes, for example, catalase, SOD 

and peroxidases (Px) were found to be induced by chitosan treatment (Yang et al., 2009; 

Zhao et al., 2010; Povero et al., 2011). The inhibition of the chitosan-mediated increase in 

the H2O2 levels led to a lower expression of glucanase and chitinase transcripts in rice (Lin 

et al., 2005), whilst the exogenous application of H2O2 was shown to induce drought 

tolerance in wheat seedlings (He et al., 2009) and soybean plants (Ishibashi et al., 2011). 

The objectives of the above study are as follows – 

 To examine the effect of chitosan raw material powder on the improvement 

seedling characters of  tomato cv. BARI tomato-15 

 To examine the effect of chitosan raw material powder on growth, yield and yield 

contributing characters of tomato cv. BARI tomato-15 
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CHAPTER II 

REVIEW OF LITERETURE 

Plant growth regulators are the substances that regulate the growth of plants in a miraculous 

form. Many scientists are now studying the pattern of growth and development of plant 

treated with different plant growth regulators. Chitosan is an important growth regulator 

which has many different influences on growth, yield and yield contributing characteristics 

of Solanaceous crops. Extensive studies of the regulatory effects of chitosan on various 

crops have been carried out worldwide by different workers. Some of the related reports 

are reviewed below.  

2.1   Effect of chitosan application on seedling Characteristics  

2.1.1   Seedling height  

Chitosan is well known for its role in stem elongation. The effect of chitosan on seedling 

height as well as plant height was studied in various parts of the world by various workers 

on a variety of crops. It was observed in most cases that chitosan remarkably increases 

seedling height as well as plant height of different crops.  

Esyanti et al., (2019) revealed that physiological parameters, such as increment of height 

and leaves number, and chlorophyll content indicated an improved growth process in 

chitosan treated plants compared to the control. 

Muley et al., (2019) evaluated an experiment on potato by foliar application of  chitosan 

and oligo-chitosan on potato plants to analyze growth promoting and stress tolerance 
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inducing effects. Result stated that improvement in shoot height and number of nodes after 

foliar spray of chitosan and oligo-chitosan at 50–75 mg/L. 

Parvin et al., (2019) conducted an experiment. Results revealed that plant height was 

greater in chitosan applied tomato (L. esculentum) plants than control plants. The longest 

plant was obtained in T4 treatment (74.00 cm) followed by T9 and T10 at 80 DAT. Control 

plant produced the shortest plant height (62.75 cm) at 80 DAT. 

Sultana et al., (2017) reported that foliar spraying of oligo-chitosan with different 

concentrations (60 and 100 ppm) has positive effect on  plant  height of  tomato at  different 

days after  sowing. 

Issak et al., (2017) suggested that Boro rice seedlings production are improved by using 

the chitosan raw material powder in the seedbed. The maximum seedlings height (17.13 

cm) was observed in the treatment T4 (400 g CHT) and the minimum level (12.83 cm) in 

the treatment T6 (control). Islam (2016) and Munshi (2011) also found similar results.These 

results were supported by Boonlertnirun et al., (2008) who found that application of 

chitosan stimulate the seedling height significantly. Chitosan functions against drought 

stress through the reduction of stomatal aperture (Issak et al., 2013).    

Mondal et al., (2016) also reported that foliar application of chitosan (25, 50, 75 and 100 

ppm) at early growth stages increased plant height of summer tomato (L. esculentum). 

Rahman (2015) revealed that application of modified chitosan increased tomato seedling 

height thereby plant height, fresh and oven dry weight of the seedlings, seedbed soil pH, 

seedbed organic carbon (%) & organic matter (%), number of flowers/plant, fruits/plant, 
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fruit size and fruit yield over control. The experiment was designed  with five  treatments  

using  four  level  of  modified  chitosan  in  the  seedbed soil  (10 kg of soils per pot). The 

used treatments were T1 (control), T2 (50 g modified chitosan/pot), T3 (100 g modified 

chitosan/pot), T4 (150 g modified chitosan/pot) and T5 (200 g modified chitosan/pot). Most 

of the morphological, growth and reproductive attributes were recorded maximum in the 

T4 (150 g modified chitosan/pot) and the highest fruit yield was recorded in the T5 

treatments (200 g modified chitosan/pot). 

Salma et al., (2015) reported that seed soaking in oligo-chitosan before planting tends to 

stimulate plant height. Plant height does not show any statistically significant differences 

between control and 40 ppm oligo-chitosan sprayed plants. Plants show significant 

differences for 80 and 100 ppm oligo-chitosan sprayed with compared to control. 

Ahmed et al., (2013) conducted a field experiment and observed that plant height was 

significantly influenced due to the effect of different levels of Chitosan throughout the 

growth period over control. Application of Chitosan as PGR enhanced the plant height. 

Among the Chitosan concentrations, 50 mg/L produced the taller plant (32.33, 62.67, 89.00 

and 99.67 cm) at 30, 60, 90 and 120 DAT, respectively compare to other concentrations of 

Chitosan. Chitosan level of 75 mg/L produced the statistically similar taller plant (86.67 

cm) at 90 DAS and it was also closely followed by the similar levels of Chitosan (98.00 

cm) at 120 DAT. 

Ma et al., (2013) studied to treat wheat seeds with oligochitosan by soaking seeds in 

0.0625% oligochitosan solution for 5h. The results showed that chlorophyll content 

increased by treating seeds with oligochitosan. It suggested that seeds treatment with 
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oligochitosan had a beneficial effect on photosynthesis. They also confirmed the positive 

effect of oligochitosan in improving the plant growth and plant’s capacity of tolerance to 

salt stress. 

Mondal et al., (2013) were conducted an experiment. Results revealed that foliar 

application of chitosan at early growth stages improved the morphological (plant height, 

leaf number/plant, leaf length and breadth, leaf area/plant), physiological (total dry 

mass/plant, absolute growth rate and harvest index) parameters and yield components 

thereby increased seed yield of maize. 

Boonlertnirun et al., (2012) showed different application methods significantly affected 

tiller number per plant, the maximum tiller numbers were obtained from application of 

chitosan in combination with mixed chemical fertilizer but did not differ from that of mixed 

chemical fertilizer application while their different treatment combination were Tl: chitosan 

at the concentration of 80 mg/L in combination with mixed chemical fertilizer between 

urea (46-0-0) and 16-20-0 at the rate of 312.5 kg H1, T2: mixed chemical fertilizer between 

urea (46-0-0) and (16-20-0) at the rate of 312.5 kg, T3: chitosan spraying at the 

concentration of 80 mg/L and T4: no application of chitosan and mixed chemical fertilizer. 

Chookhongkha et al., (2012) stated that chili seedlings cultured in soil with 1.0% high MW 

of chitosan powder presented significantly higher plant heights, canopy diameter, leaf 

numbers/plant, leaf widths and lengths, chlorophyll content and dark green leaf color as 

compared to the control plants. As a result, the significantly greatest seed yield indicated 

by fruit fresh weight /plant, fruit numbers/plant, seed numbers/fruit, and seed weight /plant 

was observed in the plants grown in the soil mixed with 1.0% high MW of chitosan.    
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Mondal et al., (2012) were conducted in two consecutive years at the pot-yard and 

experimental field on the okra (BARIdherosh-1) plant. Results revealed that most of  the  

morphological  (plant  height,  leaf number/ plant), growth (total dry mass/ plant, absolute 

growth rate, relative growth rate), biochemical parameters (nitrate reductase and 

photosynthesis) and yield  attributes (number of fruits /plant and fruit size) were increased 

with increasing concentration of chitosan until  25 ppm, resulted the highest fruit yield in 

okra  (27.9%  yield  increased over  the control).  

Nguyen et al., (2011) were investigating on the effects of chitosan and chitosan oligomer 

solutions on growth and development of coffee have been investigated. Spraying of oligo 

chitosan @600 mg/L increase stem diameter up to 30.77% and the leaf in area by up to 

60.53%. In addition application of oligo chitosan reduced by 9.5–25.1% transpiration of 

the leaves at 60 and 120 min. 

Supachitra et al., (2011) conducted an experiment to determine the plant growth 

stimulating effects of chitosan on Thai indica rice (Oryza sativa L.) cv. Leung PraTew 123. 

Rice seedlings were applied with oligomericchitosan with 80% degree of deacetylation at 

the concentration of 40 mg/L by seed soaking overnight before sowing, followed by 

spraying on 2-week and 4-week old seedlings, respectively. The oligomericchitosan 

stimulated plant height. 

Wang et al., (2011) showed that the application of chitosan solution with recommended 

chemical fertilizer significantly increased the number of filled grain panicle-1 and the 

highest the number of filled grain panicle-1. 

Algam et al., (2010) found that chitosan was able to enhance the growth of tomato plants. 
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Mondal et al., (2010) reported that foliar application of chitosan (25, 50, 75 and 100 mg/L) 

at early growth stages increased plant height of summer tomato. Similar results were found 

in soybean and rice by (No et al., 2003 and Lu et al., 2002) respectively where chitosan 

increased plant height, branch and leaf number over control plant. 

Chang-min et al., (2009) reported that the tomato seed were soaked in different 

concentration of chitosan solution which were impact on tomato seed germination and the 

growth of seedlings. The results showed that the tomato main root length and root activity 

were higher than the control that treated with water.   

Guan et al., (2009) found that Chitosan under the stress of low temperature increased shoot 

height and root length in maize plants compared to that of the control. 

Boonlertnirun et al., (2008) revealed that application of chitosan on rice plants did not 

influence the plant height significantly. 

Gornik et al., (2008) reported that chitosan has been a high potential biomolecule had 

molecular signals that served as plant growth promoters. Recently some researchers 

reported that the stimulating effect of chitosan on plant growth may be attributed to an 

increase in key enzymes activities of nitrogen metabolism (nitrate reductase, glutamine 

synthetase and protease) and improved the transportation of nitrogen in the functional 

leaves which enhanced plant growth and development (Khan et al., 2002; Gornik et al., 

2008). 

Boonlertnirun et al., (2007) observed that the height of rice plants was not affected by 

chitosan application under drought conditions. The height of rice plantsin treatment 
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without chitosan tended to be lower than those of others in all growth stages. For theleaf 

greenness, chitosan application had no effectsin all growth stages. 

Liu et al., (2007) sprayed one month old transplanted tomato plants with chitosan and 

reports that chitosan at 75 ppm had increased plant height. Three sprays of 75 ppm chitosan 

produced the tallest plant of tomato. Similarly Martinez et al., (2007) observed that seed 

treated with chitosan increased the plant height, stem diameter and root length in tomato.   

Sultana (2007) applied Miyobi on rice and reported that plant height increased in Miyobi 

applied plant than control. 

Boonlertnirun et al., (2006) conducted a greenhouse experiment to determine the most 

effective chitosan type and appropriate application method for increasing rice yield and 

found that the application of chitosan with different molecular weights and different 

application methods did not affect plant height.  

Boonlertnirun et al., (2005) observed that the application of chitosan via seed soaking and 

spraying 4 times created variation in number of tillers/plant and dry matter accumulation, 

but did not affect plant height, 1000-grain weight and number of seeds/head of rice. 

Hoque (2002) conducted field experiment on a high yielding variety (Shatabdi) of wheat 

to evaluate the effect of CI-IAA, GABA and TNZ-303 by soaking seeds in 0.16 ml/L, 0.33 

ml/L and 0.66 ml/L aqueous solutions and revealed that the GABA at 0.33 ml/L produced 

the tallest shoot at 60 and 90 DAS. Shoot height was significantly higher over that produced 

in control. 
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Khan et al., (2002) conducted an experiment and revealed foliar application of chitosan 

and chitin Oligomers did not affect (p>0.05) maize or soybean height, root length, leaf 

area, shoot or root or total dry mass. 

Jia’an et al., (2001) reported that application of 75 mg/L of Chitosan on rice increased root 

length, root number, leaf length, leaf width, seedling height and stem diameter of seedlings. 

Wanichpongpan et al., (2001) observed a positive effect of chitosan on the growth of roots, 

shoots and leaves of various plants including gerbera of several crop plants.  

Tomar and Ramgiry (1997) studied that tomato plants treated with GA3 showed 

significantly greater plant height than untreated control. 

Tsugita et al., (1993).reported that chitosan increased the growth rates of roots and shoots 

of daikon radish (Raphanus sativus L.). 

EI-Asdoudi and Ouf (1993) observed that three sprays of 50 ppm GA3 produced the tallest 

plant of tomato. 

Kobayashi et al., (1989); conducted different experiment which revealed that the increasing 

of plant height obtain through the application of chitosan along with N, P, K and S was 

also reported by many other scientists.  

Wu et al., (1983) sprayed one month old transplanted tomato plants with GA3 and reports 

that GA3 at 50 ppm had increased plant height. Pimpini et al.,(1988) observed that soaking 

seeds for 10 h in a solution of NAA (25 ppm) + GA3 (25 ppm) + IAA (25 ppm) increased 

plant growth of tomato in the initial stages only.  
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2.1.2   Seedling fresh weight  

Issak and Sultana (2017) found that fresh weight production of BRRI dhan29 rice seedlings 

at 35 DAS were significantly increased with the chitosan powder treatments. In the 

treatment T5, having 500 g chitosan powder/m2 , maximum fresh weight (44.95 g) 

production of 100 seedlings was found which was statistically different than all other 

treatments. The lowest fresh weight production (17.9 g) was found in the treatment T6 

(control) which was significantly different from all other treatments. These findings 

indicate that fresh weight productions of BRRI dhan29 rice seedlings were greatly 

influenced by the chitosan raw material powder treatments and this might be due to its 

supplementation of plant nutrients and growth regulators (REF). Similar results found by 

Islam (2015) and Munshi(2011). Chitosan promotes shoot and root growth (Tsugita et al., 

1993). Application of CHT can increase the microbial population by large numbers and 

transforms organic nutrient into inorganic nutrient which is easily absorbed by the plant 

roots (Bolto et al., 2004). The organic manures viz. sludge and spray of CHT increases the 

efficiency of applied N (Saravanan et al., 1987). 

Rahman (2015) conducted an experiment and observed that very strong and significant 

variation was observed in the fresh weight of tomato seedlings at the transplanting time (25 

days after sowing). Maximum fresh weight was found in the treatment T3 (7.93 g) using 

100 g modified chitosan in the seedbed soils which was statistically different than any other 

treatments. In that experiment higher doses of the modified chitosan reduced the fresh 

weight production of tomato seedlings and these might be due to some toxicity or over 

stressed by the materials (modified chitosan) used in the seedbed. 
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Ghoname et al., (2010) conducted an experimental trial in the two successive seasons of 

2008 and 2009 to investigate and compare the enhancing effects of three different 

biostimulation compounds on growth and production of sweet pepper plants (Capsicum 

annuum L.) cv. California Wonder. Three weeks after transplanting, plants were sprayed 

with any of the individual chitosan (2, 4 and 6 cm/L). Data showed that all applied solutions 

promoted plant vegetative growth i.e. plant height, number of leaves and branches, fresh 

and dry weights. Within each solution treatments, there was a positive relationship between 

the applied concentration and the response of all plant growth parameters.  

Nawar (2005) found that the highest plant length and fresh and dry weights were obtained 

in tomato plants grown from transplants treated with chitosan.  

Ait Barka et al., (2004) stated that chitogel, a derivative of chitosan, was found to improve 

vegetative growth of grapevine plantlets. This study showed that the average O2 production 

of plantlets cultured on medium supplemented with 1.75% chitogel increased 2-fold, 

whereas CO2 fixation increased only 1.5- fold, indicating that chitogel had a beneficial 

effect on net photosynthesis in plantlets and confirmed its positive effects on grapevine 

physiology. 

Bartkowiak et al., (2003) reported that seeds of no heading Chinese cabbage dressed with 

chitosan at the rate of 0.4-0.6 mg/g seed and leaf spraying with 20-40 micro g/ml  increased 

fresh weight. 

Ouyang and Langlai (2003) also reported that seeds of non-heading Chinese cabbage 

dressed with chitosan at the rate 0.4-0.6 mg/gseed and leaf spraying with 20-40 µg/ml 

increased fresh weight.  
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2.1.3   Seedling oven dry weight  

Issak and Sultana (2017) conducted an experiment and reported that in the treatment T5 

having 500 g chitosan powder/m2, the maximum oven dry weight (9.6 g) of 100 seedlings 

was found which was statistically different from all other treatments. The lowest oven dry 

weight production (3.65 g) was found in the treatment T6 (control) which was significantly 

lower than all other treatments.  These findings indicate that oven dry weight productions 

of BRRI dhan29 rice seedlings were greatly influenced by the chitosan powder applications 

and this might be due to its nutritional support to the seedlings, improvement of growth 

promoting hormonal activity and could improve the biological as well as physio-chemical 

properties of the seedbed soils (Tsugita et al., 1993; Rahman et al., 2015). Similar results 

found by Islam (2016) and Munshi (2011). 

Rahman (2015) revealed that application of modified chitosan have tremendous effect on 

dry matter production. Maximum oven dry weight was found in the treatment T3 (1.10 g) 

using 100 g modified chitosan in the seedbed soils which was statistically identical with 

the treatments T2 (0.93 g) using 50 g modified chitosan in the seedbed soils.  The higher 

doses of the modified chitosan under T5 treatments reduced or strongly suppressed the dry 

mass production capacity of the tomato seedlings. These might be due to some toxic effects 

of the booster doses or over stressed by the materials (modified chitosan) used in the 

seedbed 

Ahmed et al., (2013) stated that application of Chitosan significantly affected on total dry 

matter production over their growing period. Like other parameters studied, lower levels 
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of Chitosan influenced TDM production significantly higher than those of 75 and 100 mg/L 

Chitosan. However, Chitosan levels also significantly higher compare to control. 

Guan et al., (2009) stated that chitosan under low temperature increased shoot and root dry 

weight in maize plants compared to that of the control. 

Boonlertnirun et al., (2007) there were no significant differences between treatments with 

and without chitosan under drought in all growth stages. However, the treatment applied 

chitosan before drought tended to accumulate more dry matter than those of the other 

treatments. 

Martinez et al., (2007) stated that in general, the best response was obtained when seeds 

were treated with 1 mg/L  chitosan during four hours, as this concentration stimulated 

significantly plant dry weight, although the other indicators were not modified.   

Boonlertnirun et al., (2006) indicated that application of polymeric chitosan by seed 

soaking before planting followed by four foliar sprayings throughout cropping season 

significantly increased (P<0.05) the dry matter accumulation in the rice grain. 

Afzal et al., (2005) were investigated that the effects of seed soaking with plant growth 

regulators (IAA, GA3, kinetin or prostart) on wheat (Triticum aestivum cv. Auqab-2000). 

Results revealed that the root and shoot length, fresh and dry weight of seedlings were 

significantly increased by 25 mg/L kinetin followed by 1% prostart for 2 h treatments under 

both normal and saline conditions.  

Zhou et al., (2001) reported that presoaking seed treatment of grain in varying 

concentrations of chitosan showed the best results on dry weights. 
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Chibu and Shibayama (1999) studied chitosan application on early growth of four crops: 

soybean, lettuce, tomato and rice. The results showed that chitosan at 0.1 or 0.5% leaf dry 

weight of soybean, lettuce and rice whereas chitosan at 0.1% showed positive effects on 

dry weight of tomato.   

Kamaraj et al., (1999) observed that higher dry weight of capitulum was also found in 

sunflower. 

Ali et al., (1997) also revealed that dry matter accumulation of soybean cv. Akishirome 

increased 42 days after sowing with soils supplemented with 0.1% chitosan.  

Hidalgo et al., (1996) showed that tomato plants grown from seed coated with chitosan 

increased dry weight and stem thickness more than the untreated plants. 

Gabal et al., (1990) noted that 100 ppm GA3 was the most suitable level for increasing the 

dry weight of fresh bean.  

Hunt (1978) observed that relative growth rate is the increase in plant weight/unit plant 

weight/unit of time represents the efficiency of the plant as a producer of new material i.e. 

efficiency index of dry weight production. 

2.2   Effect of chitosan application on reproductive characters  

2.2.1   Number of flower buds/plant  

Parvin et al., (2019) reported that different  application  methods  and  concentrations  of  

chitosan showed  signifcant  effect on  number  of  flower clusters/plant and flowering 

duration of tomato. The average number of flower clusters/plant of tomato varied from 



19 

 

9.75-13.75 with a mean value of 12.02 among the treatments.  The  maximum number  of  

flower  clusters  /plant  of  tomato  was  recorded  in treatments both T5 and T7, while the 

minimum numbers of flower cluster /plant was obtained from control treatment.  

Sultana et al., (2017) stated that foliar spraying of oligo-chitosan with  different 

concentrations  (60  and  100  ppm)  has positive effect on number of flower clusters /plant 

of tomato at different days after sowing. 

Mondal et al., (2016) also found that the number  of effective flower cluster and  flowers/ 

plant  were greater  in  chitosan  (25,  50  and  75  ppm)  applied  to  summer  tomato  (L. 

esculentum) plants  than control  plants.  

Ray et al., (2016) conducted a pot experiment to evaluate the effect of chitosan on the 

morphological, biochemical parameters of four Mungbean varieties (BARI Mung3, BARI 

Mung6, BINA Mung5 and BINA Mung8) under salinity condition. Each pot having eight 

kilograms of soil was prepared to grow three plants of each variety. The experiment 

comprised with four different conditions in triplicates viz. control, saline (40 mM NaCl, 25 

days after sowing- DAS), saline plus chitosan (25 ppm chitosan, 30DAS on saline 

condition) and chitosan (25 ppm chitosan on control condition). The experiment revealed 

that application of chitosan played as an outstanding stimulating role in all morphological 

parameters like number of flowers/plant, number of pods/plant, number of seeds/pod and 

thousand seeds weight under salinity stress. 

Rahman (2015) reported that modified chitosan treated tomato seedlings (T2, T3, T4, T5) 

produced more number of flower buds or clusters/plant compare to the control treatment 

T1. Minimum number of flower buds or clusters/plant was found in the treatment T1 (5.67) 
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having non-treated seedlings with modified chitosan. Maximum flower buds were found 

in the treatment T4 (7.67) using 150 g modified chitosan in the seedbed soils. 

BINA (2009) applied sprunit (a growth hormone developed at Biological Science 

Department, Bangladesh Atomic Energy Agency) on tomato and observed increased 

flower production in sprint applied plant than control.   

Limpanavech et al., (2008) conducted an experiment on Dendrobium orchid. They used 

six types of chitosan molecules, P-70, O-70, P-80, O-80, P-90, and O-90. According to 

analysis of variance (ANOVA) followed by Duncan's multiple range test (DMRT), 

chitosan O-80 at all concentrations tested, 1, 10, 50, and 100 ppm could induce early 

flowering and increase the accumulative inflorescence number during the 68 weeks of the 

experimental period, when compared to the non-chitosan-treated controls. 

Borkowsky et al., (2007) reported the increased vigor of tomato plants due to Chitosan 

application. 

2.2.2   Number of flower/plant   

Rahman (2015) observed that flower number was greater in chitosan applied plants than 

control. Results further revealed that flower number was increased with increasing doses 

of chitosan till 150 g followed by a decline. The highest number of flowers/plant was 

recorded in 150 g chitosan (32.00) followed by 100 g chitosan (29.00) with same statistical 

rank. 

Wang et al., (2015) examined an experiment with Chitosan oligosaccharides (COS) effects 

under lab condition on wheat (Triticum aestivum L.). Seed dressing and foliar spraying at 
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different growth stages with Chitosan oligosaccharides (COS) were applied to four wheat 

cultivars, which were divided into irrigated and rainfed varieties. In the irrigated wheat 

cultivars, grains per spike from the COS seed dressing were significantly improved, and 

the spike number from COS spraying at tillering stage (Tf1) and returning-green (Tf2) stage 

increased significantly. 

Salacha et al., (2014) carried out a research. The results shown that chitosan is used as a 

biostimulator in the cultivation of potted freesia. Regardless of the molecular weight of the 

compound, the chitosan-treated plants had more leaves and shoots, flowered earlier, 

formed more flowers and corms. 

BINA (2005) observed that application of NAA on rice decrease unfilled grain number 

which in consequence increased grain yield. BINA (2004) applied GA3 (50, 100, 150, 200 

ppm) on mustard and reported that application of GA3 increased reproductive efficiency 

in mustard.       

Hoque (2002) conducted a field experiment and observed that the wheat applied with 

chitosan (0.33 ml/L) produced the tallest spike (9.00 cm) followed by TNZ303 (8.10 cm) 

and CL-IAA (7.95 cm). The length of spike in chitosan applied plant was significantly 

higher than the other treatments. 

Ohta et al., (2001) also reported that the application of a soil mix of chitosan 1% w/w at 

sowing remarkably increased flower numbers of Eustoma grandiflorum. 

Wanichpongpan et al., (2001). The effect of chitosan on the growth of gerbera plants has 

been studied. The results showed that chitosan significantly enhanced growth factors in 
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terms of the average values of flower-stem length, the number of growing leaves, including 

leaf width and length as well as the number of flowers per bush. 

Utsunomiya et al., (1998) reported that the number of harvested fruits of purple passion 

fruit increased with soil treated with Oligomeric chitosan under high nitrogen conditions.  

Utsunomiya and Kinai (1994) applied chitosan-oligosaccharides to soil used for cultivating 

passionfruit (Passiflora edulis Sims). They showed that chitosan-oligosaccharides advance 

flowering time and increased flower numbers (Utsunomiya and Kinai, 1994).  

Bhardway et al., (1987) observed that crop growth rate is positively correlated with LAI 

and net assimilation rate. Katiyar (1980) also stated that gibberellic acid encouraged larger 

vegetative growth and also enhanced larger reproductive growth than the untreated control. 

The CGR increased at all the treatments of GA3 over control. 

2.3   Effect of chitosan application on yield attributes &yield  

2.3.1   Number of fruits/cluster   

Islam et al., (2016) found that application of chitosan increased the prime yield component, 

number of fruits or pods or grain /plant and resulting increased fruit or grain yield of 

summer and winter tomato, summer mungbean, maize and rice. Among the concentrations, 

75, 50, 100 and 50 ppm respectively for tomato, mungbean, maize and rice had superiority 

for yield components and seed or fruit yield over other concentrations. Therefore, 

application of chitosan @ 75, 50, 100 and 50 ppm, respectively for tomato, mungbean, 

maize and rice may be recommended for increasing yield. The lowest number of fruits per 
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flower cluster as well as RE was recorded in 100 ppm of chitosan and the higher was 

recorded in 50 and 75 ppm of chitosan. 

Mondal et al., (2016) found that the number of effective flower cluster and flowers/plant 

were greater in chitosan (25-75 mg/L) applied to summer tomato plants than control plants. 

Similar results were found in soybean and rice by (No et al., 2003and Lu et al., 2002) 

respectively where chitosan increased plant height, branch and leaf number over control 

plant.  

Kananont et al., (2015) conducted an experiment with Fermented chitin waste (FCW) with 

three levels of FCW @ (0.25%, 0.50% and 1.0% (w/w)) along with CF=soil supplemented 

with chemical fertilizer and CMF=soil supplemented with chicken manure fertilizer. The 

results found that FCW @ 1% the filled grains panicle-1 differ significantly from 0.5% 

FCW, 0.25% FCW and the rest of the treatment.  

El-Mougy et al., (2006) noted that chitosan treatment increased tomato yield more than 

66.7%, whereas the moderate increase was obtained with individual treatments of chitosan 

recorded more than 40.0% increase as compared with untreated plants. 

2.3.2   Number of fruits/plant  

Sultana et al., (2017) reported that foliar spraying of chitosan has positive significant effect 

on number of fruits/plant of tomato.   

Mondal et al., (2016) found that the number of flowers/plant were greater in chitosan (25-

75 mg/L) applied to summer tomato plants than control plants. Similar results were found 
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in soybean and rice by (No et al., 2003 and Lu et al., 2002) respectively where chitosan 

increased plant height, branch and leaf number over control plant.  

Rahman (2015) conducted an experiment. This experiment result indicates that modified 

chitosan treated tomato seedlings produced more number of flower buds that could be the 

important message to increase the number of fruits/plants. Increased plant products in 

tomato with increasing the doses of chitosan as a result of stimulating immunity of plants. 

(Wanichpongpan et al., 2001). 

Mohamed et al., (2011) recently reported that the much attention has been paid to chitosan 

as a potential polysaccharide resource. Although several efforts have been reported to 

prepare functional derivatives of chitosan by chemical modifications, few attained their 

antimicrobial activity against plant pathogens which enhance growth and yield in 

vegetables field. 

Vasudevan et al., (2002) suggested that application of chitosan formulations or derivate 

can serve as increase in root and shoot length and grain yield. It also increases in the growth 

of nursery-raised plants such as cucumber, pepper and tomato among others.  

Utsunomiya et al., (1998) reported that the number of flowers and the harvested fruits of 

purple passion fruit increased with soil treated with Oligomeric Chitosan under high 

nitrogen conditions.  

Tomar and Ramgiry (1997) found that tomato plant treated with chitosan showed 

significantly higher number of fruits/plant than untreated control.   
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2.3.3   Single fruit weight  

Parvin et al., (2019) stated that different application methods and levels of  chitosan had  

insignificant effect on single fruit weight of tomato. 

Munshi (2015) found that the lowest 1000-grain weight (23.26) was found in the T5 

(without chitosan raw material powder) control treatment. It was observed that, as the rate 

of chitosan raw material powder application in soil increases the 1000-grain weight also 

increases. These results were supported by Boonlertnirun et al., (2007) by which a 

greenhouse experiments were conducted to determine the effect of chitosan on rice under 

drought conditions. Results revealed that the chitosan application before drought treatment 

gave the highest 1000-grain weight. Similar results were also found by Krivtsov et al., 

(1996). 

Rahman (2015) found that the highest single fruit weight was observed in the treatment T3 

using 100 g modified chitosan in the seedbed,  which was statistically identical with the 

treatments T4 and T5 using 150 g and 200 g modified chitosan respectively. 

Liu Wei et al., (2004) studied that chitosan could improve the quality and the yield of 

tomato. Its 1/500 dilution could increase the weight of fruit by 11.1% and the yield by 

21.7%. It could also improve the resistance to various diseases. After applying 3 times, 

1/500 dilutions efficacy against Phytophthora infestans. 

Krivtsov, G.G. et al., (1996) found that thousand grain weight of wheat plants was 

increased with application of polymeric chitosan at low concentration. 
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2.3.4   Fruit length  

Parvin et al., (2019) conducted an experiment and stated that he highest fruit  length of 

tomato  was obtained  from  the treatment  T2 (i.e. soil application  of  chitosan @ 120 

ppm). 

Islam (2007) conducted an experiment with Miyobi on rice at the rate of 1.0, 2.0, 3.0 and 

4.0 mg/L and observed that with increasing hormone concentration panicle length also 

increased and the highest panicle length was observed in 4.0 mg/L Miyobi application. 

Sultana (2007) also found same result. 

Rahman (2006) conducted an experiment with mungbean and applied Miyobi at 30 DAS 

at the rate of 2.0, 3.0, 4.0 and 5.0 mg/L and reported that pod length increased in Miyobi 

applied plant over control and the highest pod length was recorded in 4 mg/L. Alam (2007) 

also reported similar result in lentil. 

2.3.5   Fruit size  

Alam (2007) reported that spraying of Miyobi at pre-flowering resulted enlarged pods in 

lentil. Hossain (2007) also reported similar result in sesame. 

Mondal et al., (2012) found that number of fruits/plant and fruit size were increased with 

increasing concentration of chitosan up to 25 ppm, resulted the highest fruit yield in okra.  

 Rahman (2006) applied Miyobi on mungbean at 30 DAS at the rate of 2.0, 3.0, 4.0 and 5.0 

mg/L and reported that single pod weight increased in Miyobi applied plant over control 

and the highest single pod weight was recorded in 5.0 mg/L.   
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2.3.6   Fruit yield  

Mahmoud et al., (2018) the changes of the yield parameters of wheat plants, differently 

treated with normal NPK fertilizer and nano chitosan-NPK fertilizer, at increasing 

concentration and cultivated in clay soil or clay-sandy soil are recorded. As compared with 

control values, treatment with normal NPK and nano chitosan-NPK fertilizer of wheat 

plants grown in clay soil or in clay-sandy soil induced variable significant increase in all 

yield parameters which are determined. The sequence of increase was: Nano 10 > Nano 25 

> Nano 100 > NPK 100 > NPK 25 > NPK 10 > C for both clay soil and clay sandy type of 

soils. 

Rahman et al., (2018) conducted a field experiment on strawberry plant. Foliar applications 

of chitosan on strawberry significantly increased plant growth and fruit yield (up to 42% 

higher) compared to untreated control. Increased fruit yield was attributed to higher plant 

growth, individual fruit weight and total fruit weight/plant due to the chitosan application. 

Surprisingly, the fruit from plants sprayed with chitosan also had significantly higher 

contents (up to 2.6-fold) of carotenoids, anthocyanins, flavonoids and phenolics compared 

to untreated control. Total antioxidant activities in fruit of chitosan treated plants were also 

significantly higher (ca. 2-fold) (p< 0.05) than untreated control. 

Sultana  et al., (2017)  reported that  the average number  of  fruits /plot  at  different  days  

after  sowing  (45-90) gradually  increased  with  increasing  concentration  of  chitosan up 

to 100 ppm. 

Islam et al., (2016) conducted an experiment on the foliar application of chitosan. Results 

revealed that all the characters of winter tomatowere increased with increasing 
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concentration of chitosan. The higher fruit yield was recorded in 75 and 100 ppm chitosan 

both per plant and per hectare with being the highest in 100 ppm. The fruit yield was higher 

in 75 and 100 ppm due to increase number of fruits with apparently larger fruit size. In 

summer tomato, highest fruit yield was recorded in 75 ppm chitosan (614 g /plant) due to 

production of higher number of fruits /plant with superior RE. In contrast, the lowest fruit 

yield was observed in control plants (393 g /plant) due to inferior performance of yield 

attributes. Therefore, 75 ppm chitosan may be applied to increase yield of both summer 

and winter tomato. 

Rahman (2015) observed that fruits yield increased 34.52%, 97.62%, 61.90% and 157.14% 

in the treatments T2, T3, T4, and T5 compare to the control treatment T1. Here, treatment T5 

shows the tremendous increment of the fruits yield. 

Sathiyabama et al., (2015) found that yield of tomato plants increased with chitosan 

treatment. 

Sultana et al., (2015) conducted a field experiment on rice plant. Four different 

concentrations were used in this experiment that is 0, 40, 80 and 100 ppm oligomeric 

chitosan and four times foliar spray after germination were carried out. Finally it is 

observed that grain yield show significant differences between control plants and foliar 

sprayed chitosan plants. 

Janmohammadi et al., (2014) reported that the comparison of yield components between 

chitosan treatments showed that spraying chitosan during the reproductive stage was more 

efficient than in other stages. However, the responses of the number of pods per plants and 

grain yield per plants to chitosan treatments were significantly different among the 



29 

 

genotypes. Although the highest grain yield was recorded in the 78S 26013 genotype (from 

Jordan), its response to chitosan treatments was different from the other genotypes and 

showed the best performance in plants obtained from seed soaked in chitosan solutions. 

Ahmed et al., (2013) stated that the effect of chitosan on grain yield was also significant. 

The result stated that 50 mg/L of Chitosan treated plants produced the highest grain yield 

(7.05 t/ha) followed by 75 mg/L (6.77 t/ha) and 100 mg /L (6.14 t/ ha) of  chitosan treatment 

where 75 and 100 mg/L Chitosan treatment were statistically same. On the other hand, the 

lowest grain yield (5.83 t/ha) was found at control treatment. 

Nguyen Toah and Tran Hanh (2013) conducted an experiment where the field data of their 

studies showed that the yields of rice significantly increased (~31%) after applying 

chitosan solution. In general, applying chitosan increased rice production and reduced cost 

of production significantly. 

Abdel-Mawgoud et al., (2010) conducted a pot experiment and they reported that 

application of chitosan at 2 mg/L improve yield components (number and weight) of 

strawberry plants.  

Darmawan Darwis (2010) reported that the Oligo-chitosan GP have been field tried for 

soybean (using Mitani and Rajabasa varieties) at Indralaya District, South Sumatra. The 

result showed that productivity of both soybean varieties treated with Oligo-chitosan is 

higher than that of control. Improvement of productivity for Rajabasa and Mitani varieties 

i FNCA (2010) presented reports and detailing their activities for 2010 and research plans 

for 2011-2012 where, Dr. Darmawan Darwis, National Nuclear Energy Agency (BATAN) 

delivered a lead speech on summary results of field tests of PGP. Oligochitosan Plant 
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Growth Regulator/Promoter was produced by irradiating chitosan using gamma radiation 

at 75-100 kGy. Field trials were conducted on Oligo-chitosan application to soybean plant. 

The result showed that soybean productivity increase 40% of both varieties treated with 

Oligo-chitosan is higher than the control. Oligo-chitosan Plant Growth Regulator/Promoter 

was produced by irradiating chitosan using gamma radiation at 75-100 kGy. Parameters 

such as total N, P uptake by plant, yield/production will be measured. Dr. Naotsugu 

Nagasawa from Japan Atomic Energy Agency (JAEA) presented a speech for all the 

participants where he said that it is necessary on planting and harvesting management and 

Oligo-chitosan affected on crop yield, length, weight etc., of sprayed and control.s about 

40%. 

Salma Sultana (2010) from BAEC, Bangladesh reported that the Oligo-chitosan was 

applied for its potential use as plant growth promoter. Effects of Oligo-chitosan on growth 

and productivity of Maize (Zea mays L.) plants were investigated as a labscale. The 

morphological characters of Maize were studied randomly in different pots. The foliar 

spraying of Oligo-chitosan (molecular weight 7,000 Da) with the concentration of 25, 50 

and 75 ppm was applied. The growth and productivity of these Oligo-chitosan treated 

Maize plants were compared with those of control Maize plants. The effects of Oligo-

chitosan on Maize’s growth and productivity were investigated in terms of plant height, 

weight of cob and weight of seeds. The results showed that the application of Oligo-

chitosan, at the concentration of 75 ppm, plays a significant role in terms of plant height, 

weight of cob and weight of seeds/Maize. These results suggest its potential use in 

agriculture purpose as growth promoter. 
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Asghari-Zakaria et al., (2009) investigate the effects of soluble chitosan on plantlets were 

subsequently transferred to the greenhouse and mini tuber yield parameters were evaluated. 

At the concentrations of 750 and 1000 mg/L of chitosan the culture medium failed to 

solidify. Application of 500 mg/L of soluble chitosan increased the shoot fresh weight, but 

its lower concentrations did not significantly affect this trait (P < 0.05). The 5 and 15 mg/L 

of soluble chitosan led to a significant increase in root fresh and dry weight whereas, higher 

concentrations, especially 500 mg/L, significantly decreased root fresh weight of plantlets. 

Application of 500 mg/L chitosan resulted in improved acclimatization of plantlets in the 

greenhouse as expressed by significant (P<0.05) increase in mini tuber number and yield, 

compared to the control.  

Boonlertnirun et al., (2008) conducted an experiment on application of chitosan in rice 

production. The results showed that application of chitosan by seed soaking and soil 

application four times throughout cropping season significantly increased rice yield over 

the other treatments.  

Boonlertnirun et al., (2007) conducted a greenhouse experiments to determine the effect of 

chitosan on drought recovery and grain yield of rice under drought conditions. Results 

revealed that the chitosan applied before drought treatment gave the highest yield and yield 

components and also showed good recovery. 

El-Mougy et al., (2006) suggested that chitosan can be used commercially for controlling 

tomato root rot diseases under field conditions. Boonlertnirun et al., (2006) reported that 

rice yield cultivar Suphan Buri-1 was significantly increased over the control (no chitosan) 

after application of polymeric chitosan at the concentration of 20 ppm. Nevertheless, the 
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exact mechanism(s) of chitosan effects on plant growth and production is not yet 

determined. On the other hand, the positive effects of dry yeast application has been 

repeatedly reported on many vegetable crops. Moreover, Gomaa et al. (2005) reported that, 

foliar treatment with yeast significantly increased vegetative growth and tuber yield of 

potato plants.  

Walker et al., (2004) observed that chitosan application resulted in yield increases of nearly 

20% in two out of three tomato trials, no significant difference in yield of treatments in the 

organic carrot trial or in average weight of individual carrots. They found also no 

significant differences among cucumber, capsicum, beet-root or peas plants from any 

treatment, however the chitosan foliar treatment had a tendency for greater yield than the 

yield from other treatments. Trials conducted in tomatoes showed that foliar applications 

of chitosan resulted significant improvement in powdery mildew disease control which 

increase the yield of tomato of nearly 20%. 

Synowiecki and Nadia (2003) observed that high Chitin or derivatives chitosan enzyme 

level improves the durability and resistance of the plant, makes it not easily infected by 

germs, not proliferate even infected, and cures the disease by itself. It increases the yield. 

Hong et al., (1998) also stated that using chitosan in agriculture with less use of chemical 

fertilizer increases the production, in different kinds of plant, by 15-20%. 
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2.4   Effect of chitosan application on seedbed soil 

2.4.1   pH of seedbed soil 

Sultana et al., (2020) conducted a field experiment on BRRI dhan29. Residual effect of the 

raw material of CHT powder @ 4.0 t/ha (applied in the previous experiment) + 2/3rd of 

recommended N fertilizer and T5 =Residual effect of the raw material of CHT powder @ 

0 t/ha + recommended N (control). The total nitrogen content, soil pH, organic carbon and 

organic matter status in the post-harvest-soils were increased due to the residual effect of 

the powder in rice growing soils. The maximum value of the pH (7.01), organic carbon 

content (0.72%), and organic matter content (1.24%) in the post-harvest soils were found 

in the treatment T4 and lowest values were observed in the control treatment (T5). 

Islam (2016) recorded highest pH value (7.17) in T5 treatment having 500 g/m2 chitosan. 

On the other hand, seedbed soil pH of the control treatment T6 was (6.13) having no 

chitosan in the seedbed soils. 

Kananont et al., (2015) conducted an experiment with Fermented chitin waste (FCW) with 

three levels of FCW @ (0.25%, 0.50% and 1.0% (w/w)) along with CF=soil supplemented 

with chemical fertilizer and CMF=soil supplemented with chicken manure fertilizer. The 

results found that application of FCW to the soil led to an increased pH level (5.0-6.0 

approx.) in the soil. 

Rahman (2015) stated that application of modified chitosan might be neutralized the 

seedbed soils, which might be improved the seedbed soil environment due to the increment 

of soil pH levels .The highest pH value (7.03) was recorded in T4 treatment having 150 g 
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modified chitosan/pot seedbed (approximately 10 kg soils). On the other hand, seedbed 

soil pH of the control treatment T1 was 6.03 having no modified chitosan in the seedbed 

soils. 

Hu et al., (2006) reported that with increasing of chitosan acid solution, the water stable 

aggregate and permeability coefficient of soil increased, however, bulk destiny, CEC and 

pH of the soil were reduced, the soil EC decreased firstly and then raised. The changes of 

physical and chemical properties appeared stable when the dose of chitosan exceeded 

0.45% (chitosan mass concentration relative to dry soil) on the soil. 

2.4.2   Organic carbon in seedbed soil  

Islam (2016) found that application of chitosan in the seedbed soil tends to increment of 

organic carbon content. The organic carbon content was increased with increasing the level 

of chitosan in the seedbed soils. Maximum organic carbon content (1.18 %) was found in 

the treatment T5 having applications of 500 g/m2 of chitosan and minimum carbon content 

(0.62%) was found in the treatment T6 (control). 

Munshi (2015) stated that organic carbon content in the post harvest soil was affected by 

different treatments of modified chitosan and ranged from 0.63% to 0.97 %.Maximum 

organic carbon content (0.97%) was found in T4 treatment (4.0 t/ha modified chitosan) and 

minimum organic carbon content (0.63%) was found in T5 treatment (without modified 

chitosan). 

Rahman (2015) conducted an experiment in SAU campus.  The experimental result 

suggests that modified chitosan application might be increase the level of organic matter 
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in soils and would be helpful to improve the sustainable soil health. Maximum organic 

carbon content (1.14 %) was found in the treatment T5 having applications of 200 g of 

modified chitosan in the seedbed and minimum carbon content (0.94%) was found in the 

treatment T1 (control). 

Manucharova et al., (2005 and 2006) observed that its addition increases both prokaryote 

and eukaryote microbial populations and their activities, since they are altogether involved 

in chitin mineralization, including populations of nitrogen fixation microorganisms, and 

methane, carbon dioxide and dinitrogen monoxide emissions are raised.  

Oka and Pivonia (2003) stated that many of these chitinolytic organisms establish 

beneficial symbiotic interactions with plants, as mycorrhiza and Rhizobium spp., favoring 

vegetal absorption of certain nutrients and especially nitrogen fixation. For example, 

amendments of chitin together with fertilizers as urea have been used to improve soil 

microbiota, to control pathogenic organisms and to strengthen plant nutrition, all these 

showing better results than the controls in tomato, carnation and grazing.  

Gooday (1990) stated that chitin and its derivatives show additional properties among 

carbohydrates, as nitrogen content and, therefore, a low C/N ratio.  

2.4.3   Organic matter in seedbed soil  

Islam (2016) found maximum organic matter content (2.04%) in the treatment having 500 

g/m2 chitosan in the soils and minimum organic matter content (1.06%) in control 

treatment. 
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Kananont et al., (2015) conducted an experiment with Fermented chitin waste (FCW) with 

three levels of FCW @ (0.25%, 0.50% and 1.0% (w/w)) along with CF=soil supplemented 

with chemical fertilizer and CMF=soil supplemented with chicken manure fertilizer. The 

results found that application of FCW to the soil led to an increased OM level in the soil.  

Rahman (2015) reported that maximum organic matter content (1.73 %) was found in the 

treatment having150 g modified chitosan in the soils. Whereas minimum organic matter 

content (1.54%) was found in control treatment having no modified chitosan application. 

Farooq and Nawaz, (2014); Khaleel et al., (1981),;Metzger and Yaron, (1987); Matsumoto 

et al., (1999) showed that FCW application to the soil also led to an increased organic 

matter in the soil. OM improves the physical, chemical and biological properties of soil, as 

well as giving a better soil aggregation, available water content and enhanced cation 

exchange capacity, leading to improved soil fertility. The results found that @ 1% FCW 

the organic matter differ significantly from 0.5% FCW, 0.25% FCW and the rest of the 

treatment. Organic matter level ranges from 1.82 to 2.35 among the treatment. @ 1% FCW 

the highest organic matter level was obtained (2.35) and lowest organic matter level was 

obtained (1.82) with CF = soil supplemented with chemical fertilizer. 

Zhang et al.,(2009) stated that the combined application of organic manure and chemical 

fertilizers increased organic matter content in soil. 
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CHAPTER III 

MATERIALS AND METHOD 

The experiment was undertaken at the net house of Sher-e-Bangla Agricultural University, 

Dhaka-1207 during the period from November, 2019 to April, 2020 to study yield 

maximization of tomato by improving seedling characters using chitosan raw material 

powder under silty clay loam soil. This chapter includes materials and methods that were 

used in conducting the experiment are presented below under the following headings: 

3.1  Experimental period  

The experiment was conducted during the period from November, 2019 to April, 2020.  

3.2  Site description: 

3.2.1  Geographical location  

The experiment was carried out at the net house of Sher-e-Bangla Agricultural University, 

Sher-e-Bangla Nagar, Dhaka-1207, Bangladesh. The experimental site is situated between 

23074ˊN latitude and 90033ˊE longitude and at an elevation of 8.4 m from sea level (Anon., 

1989)  

3.2.2  Agro-ecological region  

The experimental field belongs to the Agro-ecological zone of “The Madhupur Tract”, 

AEZ-28 (Anon., 1988a). This was a region of complex relief and soils developed over the 

Modhupur clay, where floodplain sediments buried the dissected edges of the Modhupur 

Tract leaving small hillocks of red soils as „islands‟ surrounded by floodplain (Anon., 
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1988b). The experimental site was shown in the map of AEZ of Bangladesh in Appendix 

I. 

3.2.3  Soil  

The soil of the experimental field belonging to the agro-ecological zone of ‘The Madhupur 

Tract’, AEZ-28 (FAO, 1988). Top soil was silty clay in texture, olive-gray with common 

fine to medium distinct dark yellowish brown mottles. Initial Soil pH was 6.05 and had 

organic carbon 0.62% and organic matter content is 1.07%.  The characteristics of the 

experimental soil are presented in Appendix II. 

3.2.4  Climate and weather  

The climate of the experimental site was subtropical, characterized by the winter season 

from November to February and the pre-monsoon period or hot season from March to April 

and the monsoon period from May to October (Edris et al., 1979). The climate of the 

experimental site is subtropical that is characterized by high temperature and heavy rainfall 

during Kharif season (April-September) and scanty rainfall during Rabi season (October-

March) associated with moderately low temperature. 

The experiment was carried out in the month of November, 2019 to April, 2020 (Rabi 

season). The monthly average minimum and maximum temperature during the crop period 

was 13oC to 27.9oC. The monthly average minimum and maximum relative humidity 

during the crop period was 57% to 76%. The monthly average minimum and maximum 

rainfall was 1 mm and 127 mm. All the meteorological data of air temperature, relative 

humidity, rainfall and sunshine hour during the period of the experiment were noted from 
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the Bangladesh Meteorological Department, Sher-e-Bangla Nagar, Dhaka-1207.The 

monthly temperature, relative humidity, rainfall and sunshine hour during the study period 

was shown in Appendix III. 

 

 

Figure 1: Monthly record of average temperature, relative humidity and rainfall of 

the experimental site during the experimental period (November, 2019 to 

April, 2020). 
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3.3  Experimental details 

3.3.1  Plant materials  

In this study, Tomato cv. BARI tomato-15 was used as the plant materials which were 

collected from Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur, 

Dhaka.  

3.3.2  Chitosan raw material powder 

The chitosan raw material powder (Shrimp shell by-product) was collected from the 

Khulna region of Bangladesh and sieving the powder using 30 mesh sieves to prepare the 

usable chitosan raw material powder following a new traditional method.  

Table 1. Chemical composition of the chitosan raw material powder which was used 

in research.  

Name of the nutrients  Nutrient content 

pH   8.05 

Organic Carbon (OC)  17.00 % 

Organic Matter (OM)  29.31 % 

Total Nitrogen (N)  12.61 % 

Phosphorus (P)  0.67 % 

Potassium (K)  0.14 % 

Sulphur (S)  0.10 % 

Calcium (Ca)  0.0094 % 

Magnesium (Mg)  0.00029 % 

Zinc (Zn)  0.012% 

Boron(B)  26.21 ppm 
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3.3.3  Treatments  

The single factor experiment was compared with five concentrations of chitosan raw 

material powder treatments viz.  

                   T1= 0% chitosan raw material powder 

                   T2= 0.1% chitosan raw material powder 

                   T3= 0.5% chitosan raw material powder 

                   T4= 1% chitosan raw material powder 

                   T5= 1.5% chitosan raw material powder 

These five concentration of chitosan raw material powder were applied during seedbed soil 

preparation. Unfortunately no seedling were grown in treatment T5 (1.5% chitosan raw 

material powder) may be due to toxic effect of chitosan raw material powder. Rest part of 

the experiment was running with another four treatment of chitosan raw material powder. 

3.4  Experimental design and layout 

The experiment was laid out in a Randomized Complete Block Design (factorial). Each 

treatment was replicated five times. The size of a unit plot was 1.25 m × 2 m. Total plots 

in the experimental field were 20. The treatments were randomly distributed to each block. 

The distance between two adjacent replications (block) was 0.5 m and row-to-row distance 

was 1 m. The inter block and inter row spaces were used as footpath and irrigation or 

drainage channel. The layout of the experiment has been shown in Fig 2. 
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Figure 2: Layout of the experimental field 
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3.5  Growing of tomato plant: 

3.5.1  Seed collection 

Seeds of tomato cv. BARI tomato-15 which were used as the plant materials, collected 

from Bangladesh Agricultural Research Institute (BARI) Joydebpur, Gazipur,Dhaka. 

3.5.2  Raising of seedlings  

The experiment was done with 5 plastic pots for seedling raising. Seedbed soil (1.25 kg 

soil/pot) was prepared with no fertilizer but different doses of chitosan raw material 

powder. There were 5 plastic pot seedbed with this 5 different doses of chitosan raw 

material powder as mentioned in the article 3.3.3. On 15 October, 2019, BARI tomato-15 

seeds were sown to 5 seedbeds which soils were treated with 0%, 0.1%, 0.5%, 1% & 1.5% 

chitosan raw material powder. After 25 DAS some healthy seedlings were collected for 

progressive change of seedling height and seedling fresh weight. Unfortunately no 

seedlings were grown in treatment T5 due to some toxic effect. 

3.5.3  Transplanting of seedlings  

Healthy and uniform seedlings of BARI tomato-15 were collected from the seedbed and 

were transplanted in the experimental plots in the afternoon of 10 November, 2019. The 

seedbed pot was properly watered before uprooting the seedlings from the seedbed pot so 

as to minimize damage to the roots.  Eight seedlings were sown in each plot in the 

experimental field.  
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3.5.4  Preparation of plots  

The experimental plot was well pulverized and dried in the sun. Plant propagules, inert 

materials, visible insects and pests were removed from this experimental plot soil.All kinds 

of weeds and residues of previous crop were removed from the experimental field. After 

the final land preparation the field layout was made according to experimental plan. 

Individual plots were cleaned and finally leveled with the help of wooden plank so that no 

water pocket could remain in the experimental field.  

3.5.5   Fertilizer dose and methods of application 

Urea, Muriate of potash (MoP), calcium chloride (CaCl2) and boric acid (H3BO3) were 

used as a source of nitrogen, potassium, calcium and boron. At 40 DAT, CaCl2 @ 14g/L 

was applied for protecting the plant against virus attrack. Urea and MoP was sprayed @ 

12g/L( N=0.25%) and 20g/L (K=1%) respectively at the base of the plant. 50ppm H3BO3 

(0.282 g/L) was sprayed to prevent flower bud and flower droppings. 
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Table 2: Fertilizer dose and methods of application at different times after   

transplanting of seedling in each plot. 

Ref.: Fertilizer applied according to Fertilizer Recommendation Guide, 2012. 

3.6  Intercultural operations  

3.6.1 Weeding:  

Tomato plant was infested with some weeds during the early stage of plant establishment. 

Hand weeding were done as and when necessary for each treatment.  

3.6.2  Application of irrigation water: 

Water was supplied as and when needed to ensure sufficient moisture for the normal 

growth of the tomato plants.  

3.6.3  Plant protection measures: 

Plant protection measures were taken at 45 DAT against ant by spaying Ektara @ 2g/2L. 

Plant protection measures were taken at 31 DAT and 55 DAT against fruit and shoot borer 

Fertilizer 

name 

Method of 

application 

Amount of 

fertilizer 

1ST dose 2nd dose 3rd dose 

Urea 

(N=0.25%) 

 

Sprayed at the 

base of plant 

12g/L 20 DAT 

(30.12.2019) 

35 DAT 

(14.1.2020) 

50 DAT 

(29.1.2020) 

MOP  

(K=1%) 

20g/L  20 DAT 

(30.12.2019) 

35 DAT 

(14.1.2020) 

50 DAT 

(29.1.2020) 

Boric acid 

(50ppm ) 

Foliar spray 0.282 g/L 30 DAT 

(09.1.2020) 

40 DAT 

(19.1.2020) 

50 DAT 

(29.1.2020) 

CaCl2 

(0.5%) 

Foliar spray 14g/L 42 DAT 

(21.1.2020) 
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by spraying Kormil 72 MZ WP @ 0.25% and Malathion @ 2.5 ml/L. To prevent the plants 

from fungal infection, Dithane M-45 was applied @ 2 g/L at 15 days interval. After 40 

DAT, each plant was staked with cross section of bamboo sticks to keep them erect and to 

protect from damage by storm and high speedy winds. All the plants in each plot was 

properly roped with the bamboo sticks so that plant cannot be fallen out. 

3.7  General observation of the experimental field 

The field was investigated time to time to detect visual difference among the treatment and 

any kind of infestation by weeds, insects and diseases so that considerable losses by 

insects/pest could be minimized. The field looked nice with normal green color plants. 

Incidence of ant attracted, shoot and fruit borer was observed during stage of plant growing 

that controlled properly. In plot no.16, one plant was affected by virus which was thrown 

out from the plot and buried into the soil. 

3.8   Harvesting  

First harvest of ripen tomato started at 85 days after sowing (13.03.2020). Total eight 

harvesting were done to harvest all the tomato fruit. All the harvests were completed by 

April, 2020.  
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3.9  Collection of data  

The data were recorded at various characterized which was present are as follows: 

3.9.1  Seedling characters 

3.9.1.1  Average seedling height (cm) 

The heights of 70 seedlings of tomato during transplanting time were measured with a 

meter scale from the ground level to tip of seedlings and the mean heights were expressed 

in cm. 

3.9.1.2  Fresh weight/70 seedling (g) 

Fresh weight of 70 seedlings were collected during transplanting time from each treatment 

and then weighted by using a digital electric balance and the mean weight were expressed 

in gram. 

3.9.1.3  Oven dry weight/70 seedling (g) 

Different treated 70 seedlings were collected from seedbed and then sun dried. The sun dried 

seedling again dried in oven and weighted by using a digital electric balance. The weight 

expressed in g. 

3.9.1.4  Seedling strength (mg/cm) 

Seedling strength was measured by using the following formula 

Seedling strength= 
Oven dry weight per seedling 

Average seedling height
 mg/cm  
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 3.9.2  Morphological parameters of plant  

3.9.2.1 Plant height   

Plant height was taken to be the length between the bases of the plant to the tip of the main 

stem at 25 DAT, 45 DAT and 65 DAT. The mean value of plant height was recorded in 

cm. 

3.9.3  Reproductive characters  

3.9.3.1 Number of flower bud/plant  

The number of flower bud/plant was counted of the sampled eight plant at 25, 35, 45, 55 

and 65 DAT. 

3.9.3.2  Days to first flowering  

The date of first flower blooming was recorded from the number of days after transplanting 

of plant in the field. 

3.9.3.3  Days to 100 % flowering  

After completion of 100 % flowering data was recorded from the number of days of 100 

% flowering after transplanting of plant.  

3.9.4  Yield and yield contributing characters  

3.9.4.1  Number of fruits/plant 

Fruits of eight plants of each replication were counted and then the average number of 

fruits for each plant was determined.  
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3.9.4.2  Number of fruits/plot  

The number of total fruit per plot was measured by multiplication of fruit no per plant and 

no. of plant per plot. 

3.9.4.3  Fruit yield (kg/plot) 

The fresh fruits of eight plants weighed at each harvest and the summation is considered 

fruit yield/plot. 

3.9.4.4  Single fruit weight (g)  

Total numbers of harvested fruits during the period from first to final harvest in the eight 

plant were recorded and measured single fruit weight through divided by the total number 

of fruits to total weight. 

3.9.4.5 Tomato yield (kg/ha): 

Tomato yield (kg/ha) was calculated by using the following formula: 

 

Yield (kg/ha) =     

3.9.4.6   Yield increase over control 

Yield increased over control was calculated by the following formula: 

Yield increased over control (%) = 

 

Yield/plot (kg) 

Area of plot (m2) 
× 10000 m2 

Treatment yield – Control yield 

Control yield 

X 100% 
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3.10  Chemical analysis of soil samples 

Soil samples were collected from seedbed soil. Chemical properties of soil samples were 

analyzed in the laboratory of Department of Soil Science of Sher-e-Bangla Agricultural 

University, Sher-e-Bangla Nagar, Dhaka-1207. 

The soil was analyzed following standard methods: 

Soil pH was measured with the help of a glass electrode pH meter using soil suspension of 

1:2.5 as described by Jackson (1962).  

Organic carbon in soil was determined by wet oxidation method of Walkley and Black 

(1934). The underlying principle is to oxidize the organic carbon with an excess of 1N 

K2Cr2O7 in presence of conc. H2SO4 and to titrate the residual K2Cr2O7 solution with 1N 

FeSO4 solution. To obtain the organic matter content, the amount of organic carbon was 

multiplied by the Van Bemmelen factor, 1.73. The result was expressed in percentage.  

3.10.1  Soil pH  

Soil pH was measured with the help of a Glass electrode pH meter using soil and water at 

the ratio of 1:2.5 as described by Jackson (1962).  

3.10.2  Organic C  

Organic carbon in soil was determined by Walkley and Black (1934) Wet Oxidation 

Method. The underlying principle is to oxidize the organic carbon with an excess of 1N 

K2Cr2O7 in presence of conc. H2SO4 and to titrate the residual K2Cr2O7 solution with 1N 

FeSO4 solution. Dilute the mass in the flask with about 150-200 mL of distilled water by 
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mixing conc. H3PO4 and 2 mL of diphenylamine indicator. The organic carbon was 

calculated by the following formula: 

 

% Organic carbon = 

 

Therefore, % Organic matter = % Organic carbon x 1.724 

Where, B = Blank, T = Treatment, N = Normality, W = weight of soil, 1.724 = Van 

Bemmelen factor. 

3.10.3  Total Nitrogen (%) 

Nitrogen in soil was determined by Micro- Kjeldahl method of Kjeldahl, J. (1883). Soil 

Samples were digested with conc. H2SO4, 30% H2O2 and catalyst mixture (K2SO4: 

CuSO4.5H2O: Selenium powder in the ratio 100:10:1 respectively). Nitrogen in the digest 

was determined by distillation with NaOH followed by titration of the distillate absorbed 

in H3BO3 with 0.01 N H2SO4 (Jackson 1973). Total nitrogen was calculated by the 

following formula: 

 

% of total N in soil= 

(B-T) x N 

W 

X 0.003 x 1.3 x 100 

W 

(T-B) x N x 0.014 x D 

X 100 
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Where, T = Treatment, B = Blank, N = Normality, D = Dillution factor, W = Weight of 

soil. 

3.11  Statistical analysis  

The collected data were analyzed statistically following the analysis of variance (ANOVA) 

technique and the mean differences were adjudged by LSD test using the statistical 

computer package program name statistix 10. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

4.1 Effect of Chitosan raw material powder on seedlings morphological 

characteristics of BARI tomato-15 

4.1.1 Influence of chitosan raw material powder on tomato seedling fresh weight 

production at 25 DAS 

If the chitosan raw material powder treated in the seedbed, the fresh weight production of 

BARI tomato-15 seedlings were significantly influced by chitosan raw material powder. 

Maximum fresh weight (65.28 g) production of 70 seedlings (25 DAS) was found in the 

treatment T3 having 0.5% chitosan raw material powder/1.25 kg seedbed soil which was 

significantly different from all other treatments (Fig.3). Treatment T1 (control) showing 

lowest fresh weight production (24.55 g) which was significantly different from all other 

treatments (Fig.3). The second highest fresh weight production (41.66 g) was found in the 

treatment T4 which was statistically identical with the treatment T2 (40.85 g). The fresh 

weight production trend was T3≥T4≥T2≥T1. These findings indicate that fresh weight 

productions of BARI tomato-15 seedlings were greatly influenced by the chitosan raw 

material powder treatments and this might be due to its supplementation of plant nutrients 

and growth regulators (REF). Results are supported by the following research results. 

Chitosan promotes shoot and root growth (Tsugita et al., 1993; Rahman, 2015 and Islam, 

2016; Issak et al., 2017). Application of CHT can increase the microbial population by 

large numbers and transforms organic nutrient into inorganic nutrient which is easily 

absorbed by the plant roots (Bolto et al., 2004). The organic manures viz. sludge and spray 

of CHT increases the efficiency of applied N (Saravanan et al., 1987).  
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T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 3: Effect of chitosan raw material powder on the biomass production of 25 

days old tomato seedlings. Chitosan raw material powder induced fresh weight 

of BARI tomato-15 seedlings (25 DAS). Bar’s having similar letter (s) do not 

differ significantly at p≤0.05. 

4.1.2 Influence of chitosan raw material powder on tomato seedling oven dry weight 

production at 25 DAS 

Oven dry weight of BARI tomato-15 seedlings were significantly influenced due to the 

application of chitosan raw material powder. The maximum oven dry weight (5.4 g) 

production of 70 seedlings (25 DAS) was found in the treatment T3  having 0.5% chitosan 

raw material powder/1.25kg seedbed soil which was statistically different from all other 

treatments (Fig.4). In the treatment T1 (control), the lowest oven dry weight production 
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(3.16 g) was found which was significantly identical to treatment T4 (Fig. 4). The second 

highest oven dry weight production (4.52 g) was found in the treatment T2  having 0.1% 

chitosan raw material powder. The oven dry weight production trend was T3≥T2≥T4≥T1.  

These findings indicate that oven dry weight productions of BARI tomato-15 seedlings 

were greatly influenced by the chitosan raw material powder applications and this might 

be due to its nutritional support to the seedlings, improvement of growth promoting 

hormonal activity and could improve the biological as well as physio-chemical properties 

of the seedbed soils (Tsugita et al., 1993; Rahman., 2015; Islam, 2016; Issak et al., 2017). 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 4: Effect of chitosan raw material powder on the biomass production of 25 

days old tomato seedlings. Chitosan raw material powder induced oven dry 

weight of BARI tomato-15 seedlings (25 DAS). Bar’s having similar letter (s) 

do not differ significantly at p≤0.05. 
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4.1.3 Seedling height (cm) 

Seedling height was found to be statistically significant in all of the treatments used in the 

experiment. The maximum seedling height (15.1 cm) was obtained in the T3 treatment 

having chitosan raw material powder @ 0.5% and minimum seedling height (9.8 cm) was 

obtained with the control treatment T1 having chitosan raw material powder @ 0%/1.25 kg 

seedbed soil (fig.5). According to the seedling height the treatments combinations can be 

arranged as T3> T2>>T4>T1. These results were supported by Boonlertnirun et al. (2008); 

Islam (2016) and Issak et al., (2017) in rice. Rahman (2015) also reported the similar trend 

in tomato.  

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 5: Effect of chitosan raw material powder on the seedling height of BARI 

tomato-15. Bar’s having similar letter (s) do not differ significantly at p≤0.05. 
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4.1.4   Seedling strength (mg/cm) 

Seedling strength is a strong indicator of measuring good quality seedlings. The maximum 

seedling strength ( 5.09 mg/cm) was found in the T3 treatment having chitosan raw material 

powder @ 0.5% which was statistically significant in all of the treatments and minimum 

seedling strength ( 4.59 mg/cm) was obtained in the T1 treatment having chitosan raw 

material powder at the rate of 0%/1.25kg soil (Fig.6). According to the seedling strength 

the treatments may be organized as T3>T2>T4>T>1.  These results were supported by 

Boonlertnirun et al., (2008); Islam (2016) and Issak et al.,(2017) in rice and Rahman (2015) 

in tomato who found that application of chitosan stimulate the seedling strength 

significantly. 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 6: Effect of chitosan raw material powder on the seedling strength  (mg/cm) 

of BARI tomato-15. Bar’s having similar letter (s) do not differ significantly at 

p≤0.05. 
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4.2   Effect of Chitosan raw material powder on plant morphological characteristics  

of BARI tomato-15 

4.2.1  Plant height (cm) 

Plant height of BARI tomato-15 was significantly influenced by the application of chitosan 

raw material powder in seedbed soil. At 25 DAT, the highest plant (33 cm) was produced 

in T3 treatment (0.5% chitosan raw material powder/1.25kg seedbed soil). All the treatment 

were recorded with significantly higher plant height over the control (T1 treatment) (Fig.7). 

The shortest plant height (13 cm) was found in T1 (control) treatment having no chitosan 

raw material treatment. The treatments may be ranked in the order of T3>T2>T4>T1 

treatments. At 45 DAT, the highest plant (65.4 cm) was found in T3 treatment (0.5% 

chitosan raw material powder/1.25kg seedbed soil). All the treatment were recorded with 

significantly higher plant height over the control (T1 treatment). The shortest plant height 

(46.9 cm) was found in T1 ( control) treatment having no chitosan raw material powder. 

The treatments may be also ranked in the order of T3>T2>T4>T1 treatments. At 65 DAT, 

the highest plant (98.98 cm) was produced in T3 treatment (0.5% chitosan raw material 

powder/1.25kg seedbed soil). All the treatment were recorded with significantly higher 

plant height over the control (T1 treatment). The shortest plant height of (85.93 cm) was 

found in T1 (control) treatment having no chitosan raw material treatment. The treatments 

may be ranked in the order of T3>T2>T4>T1 treatments. This result was supported by 

Martinez et al., (2007) in tomato and and similar result was also found by  the work of  

Chibu et al., (2000) in rice who reported that plant height increased in chitosan applied 

plants as compared to control plants. Parvin et al., (2019) results revealed that plant height 

was greater in chitosan applied tomato (L. esculentum) plants than control plants. The 
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longest plant was obtained in T4 treatment (74.00 cm) followed by T9 and T10 at 80 DAT. 

Control plant produced the shortest plant height (62.75 cm) at 80 DAT. Similar result was 

also reported by El-Tantawy (2009) who reported that plant height in tomato (L. 

esculentum) increased with the application of chitosan. Sultana et al., (2017) reported that 

foliar spraying of oligo-chitosan with different concentrations (60 and 100ppm) has 

positive effect on plant height of tomato at different days after sowing. Mondal et al., 

(2016) also reported that foliarapplication of chitosan (25, 50, 75 and 100 ppm) at early 

growth stages increased plant height of summer tomato (L. esculentum). 
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T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 7: Effect of chitosan raw material powder on the plant height of BARI tomato-

15. A) Plant height (cm) at 25 DAT B) Plant height (cm) at 45 DAT; C) Plant 

height (cm) at 65 DAT. Bar’s having similar letter (s) do not differ significantly 

at p≤0.05. 
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4.3  Effect of chitosan raw material powder on the reproductive characters of BARI 

tomato-15 

4.3.1  Average number of flower bud/plot (8 plants)  

The effect of different doses of chitosan raw material powder on flower buds/plot (8 plants) 

was highly significant. However, chitosan raw material powder treated tomato seedlings 

(T2, T3,T4) produced more number of flower buds/plot (8 plants) compare to the control 

treatment T1  (Fig.8). At 25 DAT, minimum number of flower buds/plot (8 plants) (0) was 

found in the treatment T1 having non-treated seedlings with chitosan raw material powder. 

At 25 DAT, maximum flower buds/plot (8 plants) (8.8) were found in the treatment T3, 

applied 0.5% chitosan raw material powder in the seedbed soils. Second highest flower 

buds were found in the treatment T4 (2.4) using 1% chitosan raw material powder in the 

seedbed. Similar results was found at 35, 45, 55 and 65 DAT. At 35, 45, 55 and 65 DAT, 

maximum flower bud/ plot (8 plants) (52.2. 86.4. 151 and 252 respectively) was found in 

treatment T3. and minimum flower bud/plot (8 plants) (7.4, 24.8, 68 and 134.6 ) was found 

in T1 treatment at 35, 45, 55, 65 DAT respectively. These results indicate that the seedlings 

treated with higher doses of chitosan raw material powder give a higher number of flower 

bud/plot (8 plants). This result indicates that chitosan raw material powder treated tomato 

seedlings produced more number of flower buds that could be the important message to 

increase the number of fruits/plants. Similar result was also reported by Sultana et al., 

(2017), and they stated that foliar spraying of oligo-chitosan with different concentrations 

(60 and 100 ppm) has positive effect on number of flower clusters /plant of tomato at 

different days after sowing. Mondal et al., (2016) also found that the number of effective 

flower cluster and flowers /plant were greater in chitosan (25, 50 and 75 ppm) applied to 
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summer tomato (L. esculentum) plants than control plants. Similar result was found Liu et 

al., (2007) that effective flower cluster number is increased due to the chitosan application 

in tomato. Parvin et al., (2019) and Rahman (2015) found similiar results in tomato 

production. 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 8: Effect of different doses of chitosan raw material powder on average 

number of flower bud/plots (8 plants) of BARI tomato-15. Bar’s having similar 

letter (s) do not differ significantly at p≤0.05. 
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4.3.2  Average number of flower bud at 65 DAT (13.2.2020) 

The effect of different doses of chitosan raw material powder on flower buds/plot (8 plants) 

was highly significant. At 65 DAT, the highest average number of flower bud/plant was 

(252) found in T3  treatment (0.5% chitosan raw material powder/1.25 kg seedbed soil) and 

lowest average number of flower bud/plant was (134.6) found in T1 treatment (control) 

(Fig.9). All the treatment were recorded with significantly higher no. of flower buds over 

the control (T1 treatment). The treatments may be ranked in the order of T3>T4>T2>T1. 

 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 9: Effect of different doses of chitosan raw material powder on average 

number of flower bud/plots (8 plants) of BARI tomato-15 at 65 DAT. Bar’s 

having similar letter (s) do not differ significantly at p≤0.05. 
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4.3.3   Effect of chitosan raw material powder treated seedlings on  number of 

flower bud at different stages of tomato 

Different doses of chitosan raw material treated seedlings  have positive effect on number 

of flower bud at different stages of tomato (table.3). Maximum number of flower bud at 

different stages of tomato was found in T3 treatment except in stage-4. In T3 treatment,  

minimum (8.8) flower bud was found in stage-1 (25 DAT) and maximum (101) flower bud 

was found in stage-5 (65 DAT). And T1 treatment showed minimum number of flower bud 

at different stages of tomato. T1 treatment produced minimum (0) number of flower bud at 

stage-1 and maximum at stage-5 (65).  

Table 3: Effect of chitosan raw material powder treated seedlings on  number of 

flower bud at different stages of tomato. 

Stage 

No. 

Days After 

transplanting 

T1 T2 T3 T4 

Number of flower bud 

Stage-1 25 DAT 0 1 8.8 2.4 

Stage-2 35 DAT 7.4 19.4 43.4 28.6 

Stage-3 45 DAT 17.4 29.4 34.2 32.2 

Stage-4 55 DAT 43.2 71.8 64.6 63 

Stage-5 65 DAT 66.6 90.8 101 91.8 

Total  134.6 212.4 252 218 
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4.3.4   Effect of chitosan raw material powder on number of days required to first 

flowering of BARI tomato-15 from DAT 

Different level of chitosan raw material powder treated with seedlings significant effect on 

first flowering day of BARI tomato-15 (Fig.10). Experimental result showed that, the 

maximum days required for first flowering (51.2) was obtained in T1 (0% chitosan raw 

material powder) treatment, whereas the minimum days were required for first flowering 

(34.8) was obtained in T3 (0.5% chitosan raw material powder) treatment. Different level 

of chitosan influenced florigen gene expression which ultimately impact on early flowering 

comparable to control treatment. 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 10: Effect of different doses of chitosan raw material powder on number of 

days required to first flowering of BARI tomato-15. Bar’s having similar letter 

(s) do not differ significantly at p≤0.05. 
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4.3.5 Effect of chitosan raw material powder on number of days required to 100% 

flowering of BARI tomato-15 from DAT 

Seedlings treated with different level of chitosan raw material powder significantly effect 

on 100 % flowering day of BARI tomato-15 (Fig.11). Experimental result showed that, the 

maximum days required for 100 % flowering (54.00) was obtained in T1 (0% chitosan raw 

material powder) treatment, whereas the minimum days required for 100 % flowering 

(39.80) was obtained in T3 (0.5% chitosan raw material powder) treatment. 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 11: Effect of chitosan raw material powder required on number of 100 % 

flowering day of BARI tomato 15. Bar’s having similar letter (s) do not differ 

significantly at p≤0.05. 
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4.4 Effect of chitosan raw material powder treated seedlings on yield & yield 

attributes of BARI tomato-15 

4.4.1  Average number of fruits/plot (8 plants) 

A significant variation was observed in the number of fruits/ plot (8 plants) among the 

treatments (Fig.12). At 1st harvesting time maximum number of fruits/plot (8 plants) 7 was 

found in the treatments T3 (using 0.5% chitosan raw material powder treated seedlings) and 

the minimum number of fruits/plot (8 plants) was found in the control treatment T2 (0.1 % 

chitosan raw material powder). The maximum number of fruits/plot (8 plants) was found 

in the treatments T3 (using 0.5% chitosan raw material powder treated seedlings). At 2nd, 

3rd and 4th harvesting time, maximum number of fruits/plot (8 plants) was 25.4, 18 and 

101.2 respectively found in T3 treatment. And at 2nd, 3rd and 4th harvesting time, minimum 

number of fruits/plot (8 plants) was 0.6, 2.4 and 45 respectively found in T1 treatment 

(control treatment). At 5th harvesting time maximum number of fruits/plot (8 plants) (93.8) 

was found in the treatments T2 (using 0.1% chitosan raw material powder treated seedlings) 

and the minimum number of tomato/plot (8 plants) (63.4) was obtained in the control 

treatment T1 (0% chitosan raw material powder). At 6th harvesting time maximum number 

of fruits/plot (8 plants) (78.6) was found in the treatments T4 (using 1% chitosan raw 

material powder treated seedlings) and the minimum number of tomato/plot (8 plants) was 

found in the control treatment T3 (1% chitosan raw material powder). At 7th harvesting time 

maximum number of fruits/plot (8 plants) (66.6) was found in the treatments T1 (using 0% 

chitosan raw material powder treated seedlings) and the minimum number of tomato/ plot 

(8 plants) was found in the control treatment T2 (0.5 % chitosan raw material powder). At 

8thharvesting time maximum number of fruits/plot (8 plants) (31) was found in the 
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treatments T1 (using 0% chitosan raw material powder treated seedlings) and the minimum 

number of tomato/ plot (8 plants) was found in the treatment T3 (0.5% chitosan raw material 

powder). This result indicates that chitosan raw material powder treated tomato seedlings 

produced more number of fruits/treatment. Several author reported that foliar spraying of 

chitosan has positive significant effect on number of fruits/treatment of tomato (Mondal et 

al., 2016; Sultana et al., 2017; Islam et al., 2016 and Rahman, 2015)). Increased plant 

products in tomato with increasing the doses of chitosan as a result of stimulating immunity 

of plants (Wanichpongpan et al., 2001; New et al., 2004). 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 12: Effect of different doses of chitosan raw material powder on average 

number of fruits/plot (8 plants) of BARI tomato-15. Bar’s having similar letter 

(s) do not differ significantly at p≤0.05. 
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4.4.2  Average number of fruits/plant 

The effect of different doses of chitosan raw material powder had significant effect on 

number of fruits/plant in tomato. Result showed that fruits number was higher in chitosan 

raw material applied plants than control (Fig.13). The minimum number of fruits/plant was 

found in the control treatment T1 (34.98). The maximum number of fruits/plant (44.93)  

was found in the treatments T3 (0.5% chitosan raw material powder/1.25 kg seedbed soil) 

which were statistically identical with the treatments T4. Among the modified chitosan 

treated seedlings fruits number/pants were increased in a dose dependent manner. This 

result indicates that chitosan raw material powder treated tomato seedlings produced more 

number of fruits. This results also supported by Rahman (2015), results indicated that 

seedlings produced using modified chitosan could be increase the number of fruits/plant. 

Increased plant products in tomato with increasing the doses of chitosan as a result of 

stimulating immunity of plants (Wanichpongpan et al., 2001; New et al., 2004). 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 13: Effect of different doses of chitosan raw material powder on average 

number of fruit/plant of BARI tomato-15. Bar’s having similar letter (s) do 

not differ significantly at p≤0.05 
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4.4.3 Average single fruit weight (g)/treatment 

The effect of different doses of chitosan raw material powder on average single fruit weight 

was statistically insignificant. The highest single fruit weight (51.96 g) was observed in the 

treatment T1 using 0% chitosan raw material powder in the seedbed soil, which was 

statistically identical with the treatments T3 (Fig.14). Similar results found in tomato by 

Rahman (2015). Different application methods and levels of chitosan had insignificant 

effect on single fruit weight of tomato (Parvin et al., 2019). 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 14: Effect of different doses of chitosan raw material powder on average single 

fruit weight (g)/treatment on BARI tomato-15. Bar’s having similar letter (s) 

do not differ significantly at p≤0.05. 
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4.4.4  Tomato fruit yield (kg)/plot 

Chitosan raw material powder treated tomato seedlings have significant effects on tomato 

yield. Tomato yield (kg)/plot was increased with the application of chitosan raw material 

powder treated seedlings compare to the control treatment (Fig.15). The minimum fruit 

yield was recorded with control. At 1st, 2nd, 3rd and 4th harvesting time, maximum fruit 

yield (kg)/plot was 0.5062, 1.6544, 1.15 6 and 5.3716 respectively found with T3 treatment 

(0.5% chitosan raw material powder). And at 5th harvest, maximum fruit yield (4.569 

kg/plot) found in T2 treatment (0.1% chitosan raw material powder) which was identical to 

T3 and T4 treatment. At 1st harvest, minimum fruit yield (0) was found in treatment T2 and 

at 2nd, 3rd, 4th and 5th harvesting time, minimum fruit yield were 0.0528, 0.1656, 2.482 and 

3.7046 (kg/plot) respectively found with control treatment. At 6th harvesting time 

maximum fruits yield/plot (4.113 kg/plot) was found in the treatments T4 (with 1% chitosan 

raw material powder treated seedlings) and the minimum fruits yield/plot was found in the 

treatment T3 (0.1% chitosan raw material powder). At 7th and 8thharvesting time maximum 

fruits yield/plot 3.075 kg and 1.0804 kg was found in the treatment T1 (using 0% chitosan 

raw material powder treated seedlings) and the minimum fruits yield/plot 1.444 kg and 

0.6778 kg/plot was found in the treatment T2 ( with 0.1 % chitosan raw material powder). 
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T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 15: Effect of different doses of chitosan raw material powder on fruit yield 

(kg)/plot with BARI tomato-15. Bar’s having similar letter (s) do not differ 

significantly at p≤0.05. 
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4.4.5  Tomato fruit yield (t/ha) 

The effects of different treatments on tomato yield (t/ha) is showing in the figure 16. It was 

found that tomato yield (t/ha) statistically significant (Fig.16). The highest tomato yield 

(74.21 t/ha) was obtained with 0.5% chitosan raw material powder treated seedlings which 

was significantly greater than that was obtained (58.15 t/ha) with control (without chitosan 

raw material powder) treatment. The lowest tomato yield  58.15 t/ha was found in the T1 

(without chitosan raw material powder) control treatment. It was found that, as the doses 

of chitosan raw material powder application in seedbed soil increases fruit yield of tomato. 

Sultana et al., (2017) and Mondal et al., (2016) found similar trend, they stated that foliar 

spraying of oligo-chitosan with different concentrations has positive effect on fruit yield of 

tomato (L. esculentum). Islam et al., (2016) stated that 75 ppm chitosan may be applied to 

increase yield of both summer and winter tomato. 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 16: Effect of different doses of chitosan raw material powder on fruit yield 

(t/ha) of BARI tomato-15. Bar’s having similar letter (s) do not differ 

significantly at p≤0.05. 
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4.4.6  Yield increase over control (%) 

Different doses of chitosan raw material powder treated seedlings have significant effect 

on yield increase over control treatment. However, fruits yield increased 4.59%, 16.06% 

and 11.71% in the treatments T2, T3 and T4  respectively compare to the control treatment 

(Fig.17). Here, chitosan level 0.5%  shows the tremendous increment of the fruits yield 

over control treatment. These results were supported by Rahman (2015) in tomato and 

stated that fruits yield increased 34.52%, 97.62%, 61.90% and 157.14% in the treatments 

T2, T3, T4, and T5 compare to the control treatment. These results were also supported by 

Mondal et al., (2012). 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder   

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 17: Effect of different doses of chitosan raw material powder on yield % 

increase over control of BARI tomato-15. 
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4.5 Effect of chitosan raw material powder on seedbed soil environment   

4.5.1  pH status of seedbed soil  

A significant variation was found in the tomato seedbed soil pH at 25 days after sowing 

due to the different treatment combinations of chitosan raw material powder. The pH value 

of the tomato seedbed soil was ranged from 6.12 to 7.16 (Fig.18). The highest pH value 

(7.16) was recorded in the treatment having 0.5% chitosan raw material powder/seedbed 

(approximately 1.25 kg soils). On the other hand, lowest seedbed soil pH value 6.12 was 

found in control treatment. Application of chitosan raw material powder might be 

neutralized the seedbed soils, which might be improved the seedbed soil environment due 

to the increment of soil pH levels. Many causes could be involved in the improvement of 

seedbed soil environment due to the application of chitosan raw material powder in the 

seedbed soils. Nutrient supplementation will be increased due to the increment of pH levels 

which will improve the biological and physico-chemical properties of soil. The results were 

supported by Kananont et al., (2015) who conducted an experiment with Fermented chitin 

waste (FCW) along with CF = soil supplemented with chemical fertilizer and CMF = soil 

supplemented with chicken manure fertilizer. The results found that FCW @ 1% the pH 

differ significantly from 0.5% FCW, 0.25% FCW and the rest of the treatment. Rahman 

(2015) and Islam (2016) found that modified chitosan powder increases the soil pH that 

could be a good point of nutrient mineralization in soil from the organic source. The raw 

material of the CHT powder affect the soil pH, it might be due to the shrimp shells contents 

most abundantly carbonates of Ca & Mg ( Synowiecki et al., 2003; Beaney et al., 2005; 

Mahmoud et al., 2007; Sultana et al., 2020). 



76 

 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 18: Effect of chitosan raw material powder on pH status of seedbed soil. Bar’s 

having similar letter (s) do not differ significantly at p≤0.05.  

4.5.2   Organic carbon content in seedbed soil  

Chitosan raw material powder application in the seedbed soil tends to increment of organic 

carbon content. The organic carbon content was increased with increasing the level of 
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sustainable soil health. Sultana et al., (2020) suggested that residual effect of chitosan 

powder increase the organic carbon content in soil.The results were supported by the 

Kananont et al., (2015) and found that fermented chitin waste was increased organic matter 

content in soil in a dose dependent manner. Rahman (2015) and Islam (2016) found that 

raw material of chitosan powder application increase the organic carbon content in soils. 

Increasing organic matter content for the sustainable agriculture is a big challenge in 

Bangladesh soils; however, the raw material of chitosan powder application could play a 

significant role to increase the organic matter content in soil. 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 19: Effect of chitosan raw material powder on organic carbon content of 

seedbed soil. Bar’s having similar letter (s) do not differ significantly at p≤0.05. 
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1.12%  to 1.66% respectively among the treatments (Fig.20 ). Maximum organic matter 

content 1.66% was found in the treatment T3. Whereas minimum organic matter content 

1.12%  was found in the treatment T1 having no chitosan raw material powder application. 

According to the organic carbon content of soil, the treatments may be arranged as 

T3>T4>T2>T1. Increasing organic matter content for the sustainable agriculture is a big 

challenge to the Bangladesh soils, however, the chitosan raw material powder application 

could play a crucial role to increase the organic matter content in soils. Sultana et al., (2020) 

suggested that residual effect of chitosan powder increase the organic matter content in 

soil. The results were also supported by Kananont et al., (2015) who conducted an 

experiment and found that fermented chitin waste increase organic matter content in soil. 

Rahman (2015) and Islam (2016) also observe the same situation. 

 

T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 20: Effect of chitosan raw material powder on organic matter of seedbed soil. 

Bar’s having similar letter (s) do not differ significantly at p≤0.05. 
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4.5.4  % Total N in the seedbed soil 

 Total N status of the seedbed soil of experiment that was affected by the different 

treatments of chitosan raw material powder and ranged from 0.02% to 0.2% (fig.21). It was 

found that N status of soil was statistically different among the treatments. The highest N 

value 0.2%  was recorded in T3 treatment and the lowest N value 0.02% was recorded in 

with control. In respect of the N values all treatments may be organized as T3>T2>T4>T1. 

From this study it can be concluded that, the effect of chitosan raw material powder 

application was significantly increased the value of total N compare to the control 

treatment. These results indicate that the total nitrogen content is high enough due to the 

application of chitosan raw material powder. 

Similar results were reported by Sultana et al., (2020) who conducted an experiment with 

the raw material of CHT powder. The results revealed that the total nitrogen content in the 

post-harvest-soils were increased due to the residual effect of the CHT powder in rice 

growing soils. 
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T1= 0% chitosan raw material powder 

   T2= 0.1% chitosan raw material powder 

   T3= 0.5% chitosan raw material powder 

T4= 1% chitosan raw material powder 

Figure 21: Effect of chitosan raw material on total nitrogen (%) with BARI tomato-

15 growing seedbed soil. Bar’s having similar letter (s) do not differ 

significantly at p≤0.05.  
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CHAPTER IV 

SUMMARY AND CONCLUSION 

An experiment was conducted in the net house of Sher-e-Bangla Agricultural University, 

Dhaka-1207, during the period from November, 2019 to April, 2020 to investigate the yield 

maximization of tomato (Solanum esculentum L) by improving seedling characters using 

chitosan raw material powder under silty clay loam soil in rabi season under the Modhupur 

Tract (AEZ-28). The experiment comprised of four levels of chitosan raw material powder 

and the treatments were: T1= 0% chitosan raw material powder, T2= 0.1% chitosan raw 

material powder, T3= 0.5% chitosan raw material powder and T4= 1% chitosan raw 

material powder. 

The single factor experiment was laid out in a randomized complete block design (RCBD) 

with five replications. 

Application of chitosan raw material powder had a profound influence on seedling 

morphological characters, reproductive, yield attributes and fruit yield in tomato. The 

chitosan raw material powder enhances soil characteristics in such a level that induced the 

tomato seedlings growth and boosts up the yield. All the traits were significantly increased 

in a dose dependent manner by the different treatments. At 25 days after seed sowing,the 

tallest seedlings (15.1 cm) was observed in the T3 (0.5% chitosan raw material powder/1.25 

kg seedbed soil) treatment and the shortest seedling (9.8 cm) in T1 treatment (0% chitosan 

raw material powder/1.25 kg seedbed soil). The use of treatment  T3 (0.5% chitosan raw 

material powder/1.25 kg seedbed soil) not only gives higher growth and yield but also 
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improves the soil organic matter, maintains soil health and keeps the soil and environment 

free from pollutions. 

Chitosan raw material powder influenced fresh weight of BARI tomato-15 seedlings (25 

DAS). Maximum fresh weight (65.28 g) production of 70 seedlings (25 DAS) was found 

in the treatment T3 having 0.5% chitosan raw material powder/1.25 kg seedbed soil which 

was significantly different from all other treatments and control showing lowest seedling 

fresh weight (24.55 g) production which was significantly different from all other 

treatments. Chitosan raw material powder also influenced oven dry weight of BARI 

tomato-15 seedlings (25 DAS). Maximum seedling oven dry weight 5.4 g producted from 

70 seedlings (25 DAS) was found in the treatment having 0.5% chitosan raw material 

powder/1.25 kg seedbed soil which was significantly different from all other treatments. 

Treatment T1 (control) performed lowest oven dry weight 3.16 g production which was 

significantly different from all other treatments. 

Plant height of  BARI tomato-15 was significantly influenced by the application of chitosan 

raw material powder in seedbed  soil. Plant height of  BARI tomato-15 was recorded at 25, 

45  and 65 DAT respectively. At 25, 45 and 65 DAT, the highest plant 33 cm, 65.4 cm and 

98.98 cm were produced with 0.5% chitosan raw material powder/1.25 kg seedbed soil. 

All the treatment were recorded with significantly higher plant height over the control.The 

shortest plant height was found in control treatment having no chitosan raw material 

powder. At 25, 45 and 65 DAT, the shortest plant height 13 cm, 46.9 cm and 85.93 cm 

were produced with T1 treatment (0% chitosan raw material powder/1.25 kg seedbed soil). 
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In reproductive characters, all the treatments showed maximum number of flower bud over 

control. The highest number of flower bud/plant recorded with 0.5% chitosan raw material 

powder and the lowest was recorded with control treatment. At  25, 35, 45, 55 and 65 DAT, 

maximum flower bud/plot (8 plants) (8.8, 52.2, 86.4, 151 and 252 respectively) was found 

in treatment T3 and minimum flower bud/plot (0, 7.4, 24.8, 68 and 134.6 respectively) was 

found in control treatment. The minimum days required for first flowering 34.8 and 

minimum days required for 100 % flowering 51.2 from DAT were found in T3 (0.5% 

chitosan raw material powder) treatment. The maximum days required for first flowering 

39.80 and 100% flowering 54.00 from DAT were found in T1 (0 % chitosan raw material 

powder) treatment. 

For yield attributes, results showed that fruit number increased with increased of chitosan 

raw material powder. The maximum fruit number per plant (44.98) was found in T3 (0.5 % 

chitosan raw material powder/1.25 kg seedbed soil) treatment which is statistically 

significant from T1 (0% chitosan raw material powder/1.25 kg seedbed soil) treatment and 

the minimum fruit no. per plant (34.98) was found in T1 (0% chitosan raw material powder) 

treatment. The yield of tomato was significantly different with the application of different 

treatments.  

The highest average single fruit weight  51.96 g was observed in the treatment T1 (control) 

using 0% chitosan raw material powder in the seedbed,  which was statistically identical 

with the treatments T3 using 0.5%,   chitosan raw material powder.  

The highest fruit yield (ton/kg/plot) was recorded in the treatment T3 (0.5% chitosan raw 

material powder). The lowest fruit yield was recorded in control plant due to the minimum 
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number of fruits/plant. The highest tomato yield  74.21 t/ha was obtained in the T3 (using 

0.5% chitosan raw material powder treated seedlings) treatment which was significantly 

greater than that was obtained 58.15 t/ha with the control (0% chitosan raw material 

powder) treatment. This result indicates that seedlings produced with chitosan raw material 

powder applications increased the fruits yield of BARI tomato-15.    

In case of soil chemical properties, the highest pH value 7.16 was recorded in T3 (using 

0.5% chitosan raw material powder treated seedlings) treatments which was greater than 

the T1 treatment (0% chitosan raw material powder)  and the lowest pH value (6.12) was 

recorded in T1 treatment (control). It was disclosed that organic carbon content of soil was 

significantly different from one another. Maximum organic carbon content (0.96%) was 

found in T3 treatment (using 0.5% chitosan raw material powder treated seedlings) which 

was significantly greater than the T1 treatment (0% chitosan raw material powder)  and the 

minimum organic carbon content (0.65%) was found in control treatment. Maximum 

organic matter content (1.66%) was obtained in T3 treatment (using 0.5% chitosan raw 

material powder treated seedlings) which was significantly greater than the T1 treatment 

(0% chitosan raw material powder) and minimum organic matter content (1.12%) was 

recognized in T1 treatment (control). The highest % total N value (0. 2%) was recorded in 

T3 treatment which was significantly greater than the T1 treatment (0% chitosan raw 

material powder)  and the lowest N value (0.02%) was recorded with control  treatment.The 

present experiment was carried out to investigate the yield maximization of tomato 

(Solanum esculentum L) by improving seedling characters using chitosan raw material 

powder under silty clay loam soil.The experiment results indicated that seedlings produced 
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with chitosan raw material powder increased the fruits yield as well as other yield 

contributing characters of BARI tomato-15.    

Based on the experimental results, it can be concluded that,  

i. Application of chitosan raw material powder in the tomato seedbed pot soil had 

a significant influence on plant morphological growth, yield attributes and fruit 

yield in tomato cv. BARI tomato-15. 

ii. Application of 0.5% chitosan raw material powder/1.25 kg seedbed soil had the 

superiority over other treatments 0%, 0.1%, and 1% chitosan raw material 

powder/1.25 kg seedbed soil.   

iii. The chitosan raw material powder improved chemical properties of seedbed soil 

for sustainable agriculture. 

RECOMMENDATION:  

From the findings, it is apparent that the application of 0.5% chitosan raw material 

powder/1.25 kg in seedbed soil  performed better on improving seedling characters that 

maximize yield and yield parameters of tomato cv. BARI tomato-15. In order to 

recommend the practices, the following aspects would be considered in future:  

i) Experiments need to be conducted in different locations and seasons of 

Bangladesh to draw a final conclusion regarding the chitosan raw material 

powder applications for the fruit yield increment of tomato. 

ii) Varietal trials should be set further in different locations. 
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APPENDICES 

Appendix i: Experimental location on the map of Agro-ecological Zones of  

Bangladesh 

 

Experimental location
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Appendix ii: Characteristics of soil of experimental field 

A) Morphological characteristics of the experimental field 

Morphological features  Characteristics  

Location  Experimental field, SAU, Dhaka  

AEZ  Madhupur Tract (28)  

General Soil Type  Sallow red brown terrace soil  

Land type  High land  

Soil series  Tejgaon  

Topography  Fairly leveled  

 

 

B) Physical and chemical characteristics of initial soil 

Characteristics   Value  

% Sand  27  

% Silt  43  

% Clay  30  

Textural class  Silty clay loam 

pH  6.05  

Organic carbon (%)  0.62  

Organic matter (%)  1.07  

 



101 

 

Appendix iii: Monthly average of air temperature, Relative Humidity and Total 

rainfall    of the experimental site during the period from November 2019 to 

April 2020. 

Month  

 

     Air Temperature ( 0C)  

 
Relative 

humidity (%)  

Total rainfall 

(mm)    

 Maximum  Minimum    

November, 2019 24.9 18  74 37 

December, 2019 19.3 13  74 5 

January, 2020 18.5 13.2  76 21  

February, 2020 21.6 19.2  59 1  

March, 2020 26.4 22.5  57 30  

April, 2020 27.9 23.1  72  127  

 

Source: Bangladesh Metrological Department (Climate division), Agargaon. Dhaka-1212. 
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PLATES 

 

 

 

Plate 1: Picturial view of the experimental field 
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Plate 2: Harvesting of ripen tomato fruits 
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Plate 3: Harvesting of ripen tomato fruits 
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