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INFLUENCE OF CHITOSAN RAW MATERIALS POWDER ON YIELD
PERFORMANCE OF BRRI dhan75

ABSTRACT

A pot experiment was conducted under the net house at Sher-e-Bangla Agricultural
University, Dhaka, Bangladesh, during the period of July-November, 2020 to study
on performance of a rice variety (BRRI dhan75) as influenced by chitosan raw
materials. Fourteen (14) inches size plastic pots were used in the experiment having
length (10.5 inches) and diameter (9.5 inches). The pots were filled with 10 kg SAU
field moist soils having the texture silty clay loam soil. The experiment was laid in a
Completely Randomized Design (CRD). The experiment was comprised of six (6)
treatments i.e. T1 = 0% chitosan raw materials, T, = 0.1% chitosan raw materials, T3 =
0.2% chitosan raw materials, T4 = 0.3% chitosan raw materials, Ts = 0.4% chitosan
raw materials and Tg = 0.5% chitosan raw materials. There were forty eight (48)
replications used in the experiment and the total number of experimental pots were
two hundred eighty eight (6 x 48=288). The treatment materials was applied in the
seedbed before sowing the sprouted seeds. Seedling characters like 100 seedling fresh
weight, 100 seedling oven dry weight, seedling height and seedling strength were
significantly increased in all the treatments used in the experiment. The maximum
seedling strength was found in the T, (3.9) where minimum seedling strength was
observed in control treatment T; (2.7). The trend of the seedling strength was
T,>Ts>Te>T,>T3>T;. Biomass production was increased at the maximum tillering
(MT) stage. The increasing tendency of the seedling characters had profound effect on
early tiller production, higher number of tiller production, fresh and dry matter
production at maximum tillering stage resulting higher yield. The maximum effective
tiller/hill production was found in T, (15.8) whereas the minimum effective tiller/hill
was observed in control T; (14.2). The highest grain yield (40.11 g/hill) was found in
T, and the lowest grain yield was found in the control T; (34.33 g/hill). Taken
together, the research findings indicated that chitosan raw materials significantly
influenced the seedling strength and that was allow to influenced the maximum
effective tiller production resulting higher grain yield. The results suggested that the
chitosan raw materials could be an effective yield boosting tool for rice cultivation

under Climate Smart Agriculture in Bangladesh.
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CHAPTER |

INTRODUCTION

Rice (Oryza sativa L.) is the main cereal crop of the world and is a staple food for
more than a half population of the world (Ahmad et al., 2020; Singh et al., 2019). The
global demand of rice is increasing day by day. Current average world rice production
is 676 million tons, while the global demand will rise to 852 million tons for the year
2035 (Khush, 2013). However, the productivity of rice needs to be increased from 10

to 12.5 t/ha to fulfill the requirement of 176 million tons more rice (Khush, 2013).

Among the three rice rowing seasons in Bangladesh, Boro contributes lion’s share
(53%) in total rice production. Aman, the second biggest crop after Boro in terms of
production, provided 38.8% of total 36.6 million tons of rice output in 2019-2020
fiscal year. (BBS, 2020). According to the latest estimation made by BBS, per capita
rice consumption is about 166 kg/year. Rice alone provides 76% of the calorie intake
and 66% of the total protein requirement and shares about 95% of the total cereal food
supply (Alam, 2012). The population growth rate of Bangladesh is two million per
year, and if the population increases at this rate, the total population will reach 215.4
million by 2050, when 44.6 million tons of clean rice will be required (Kabir et al.,
2015). The population of Bangladesh is growing by two million every year may
increase by another 30 million over the next 20 years. During this time total rice area
will also shrink to 10.28 million hectares. Rice yield therefore, needs to be increased
by 53.3% (Mahamud et al., 2013). The average yield of rice is about 4.5 t/ha in
Bangladesh whereas it is about 6-6.5 t/ha in Japan, Korea, China (BRRI, 2020). But it
is not sufficient to meet the food demand of increasing population. So, increasing rice
production in a sustainable manner is vital for ensuring food security for the

increasing population in Bangladesh.



Frequent flash flood, heat waves in Boro season, excess irrigation input and longer
life span are major issues to be addressed in Boro season. To get sustainable
production and to lessen over dependency on Boro rice, we should keep focus on
expanding T. Aman rice. In case of Aman rice, it covers the largest area of 5.56
(48.69% of total rice cultivation area) million hectares (Broadcast 0.23 + T. Local
0.84 + HYV 4.5 million ha) with a production of 14.20 million tons and the average

yield is about 2.56 million t/ha during 2019-2020 (BBS, 2020).

BRRI dhan75 is a lodging resistant, slightly aromatic, high yielding variety which has
been released by Bangladesh Rice Research Institute (BRRI) in 2016. It could be ideal
rice variety for Bangladesh, because the life cycle is around 110 days, average height

101-110 cm and yield is around 4.5 t/ha (BRRI, 2020).

The extensive application of agrochemicals in farms is a severe crisis globally.
Chemical fertilizers have resulted in numerous detrimental effects, such as erosion of
soil fertility, biodiversity loss, nutrient and pesticide runoff, and it has taken a toll on
the environment and human health (Boussemart et al., 2013). Hence, to reduce the
negative impacts of agriculture on the adjacent surroundings, it is vital to decrease the
dependency on chemical products. In such a scenario, there arises an immense
demand for effective and eco-friendly application of plant growth regulators in crop

production.

Chitosan is one such product, which cationic amino polysaccharide is made up of N-
acetyl D-glucosamine (GIcNAc) repeat blocks, joined by B-1, 4 glycosidic bonds
(Rinaudo, 2006). The natural bio-control active ingredients, chitosan is found in the
shells of crustaceans, such as lobsters, crabs and shrimps and many other organisms,

including insects and fungi. It is one of the most abundant biodegradable materials in



the world. The chitosan has strong effects on agriculture such as acting as the carbon
source for microbes in the soil, accelerating of transformation the process of organic
matter into inorganic matter and assisting the root system of plants to absorb more
nutrients from the soil (Ibrahim et al., 2015). Application of chitosan can enhance
plant growth seed germination, chlorophyll content, chloroplast ultra-structure,
nitrogen fixation and nutrient uptake (Chibu et al., 2002; Boonlertnirun et al., 2008;
Manjunatha et al., 2008). Several studies have shown the importance of chitosan on
plant growth and development. In agriculture, chitosan is used primarily as a natural
seed treatment and plant growth enhancer and as an ecologically friendly biopesticide
substance that boosts the innate ability of plants to defend themselves against fungal

infections (Linden et al., 2000).

Limited information is available on the effect of organic growth promoting substance
like chitosan raw materials on the growth and yield of rice in Bangladesh. A pot
experiment was conducted to investigate yield performance of a T. Aman rice variety
(BRRI dhan75) as influenced by the chitosan raw materials under the Agro Ecological

Zone (AEZ-28) Modhupur Tract.

Considering the above facts in mind the following objectives are undertaken:

1. To examine effect of chitosan raw materials on the improvement of rice
seedling quality.
2. To observe performance of BRRI dhan75 rice seedlings treated by chitosan

raw materials.



CHAPTER II

REVIEW OF LITERATURE

An attempt was made in this section to collect and study the relevant information
available in the country and abroad regarding the tillering pattern of BRRI dhan75
using chitosan raw materials in the seedbed to gather knowledge helpful in
conducting the present research work and subsequently writing up the results and

discussion.

2.1 Effect of chitosan on growth, yield parameter and yield

2.1.1 Seedling Fresh weight (g)

Phothi and Theerakarunwong (2017) conducted a study to know the effects of
chitosan on physiology, photosynthesis and biomass of rice cultivar RD47. For
combined effects of chitosan and ozone, rice was soaked and sprayed with chitosan
0.05% (W/V) under elevated ozone concentration at 40 ppb (Chi+EO340) and 70 ppb
(Chi+EO370). Samples were analyzed weekly for tiller number per plants, leaf area,
leaf chlorophyll, photosynthesis, shoot biomass, root biomass and total biomass. For
the samples soaked and sprayed with chitosan under elevated ozone for 21 days,
Chi+EO340 and Chi+EO370 significantly gathered more shoot biomass than EO340
and EO370, respectively (p < 0.05). In addition, chitosan could reduce the ozone

negative effects and increased higher physiology and photosynthesis rate.



Issak and Sultana (2017) conducted an experiment at the research field of Sher-e-
Bangla Agricultural University, Dhaka-1207 during the period from December 2015
to January 2016. There were six treatments in the experiments i.e. T;: seedbed applied
CHT powder at 100 g/m?, T,: seedbed applied CHT powder at 200g/m?, Ts: seedbed
applied CHT powder at 300 g/m?, T,: seedbed applied CHT powder at 400 g/m?, Ts:
seedbed applied CHT powder at 500g/m? and Tg: seedbed applied CHT powder at 0
g/m® From the experiment result revealed that Fresh weight production of BRRI
dhan29 rice seedlings were significantly increased with the chitosan powder
treatments in the seedbed. The maximum fresh weight (29.14 g) production of 100
seedlings was found in the treatment T, having 400 g CHT powder/m® which was
significantly different from all other treatments. The lowest fresh weight production
(12.6 g) was found in the treatment Tg (control) which was significantly different

from all other treatments.

Guan et al. (2009) showed that application of oligo-chitosan also increased mineral
uptake of maize and stimulated the growth of maize seedlings. Spraying oligochitosan
with concentration of 60 mg/L. A positive effect of chitosan was observed on the
growth of roots, shoots and leaves of several crop plants (Chibu and Shibayama,
2001). Chitosan under low temperature increased shoot height and root length in

maize plants compared to that of the control.

Ouyang and Langlai (2003) reported that seeds of non-heading Chinese cabbage
dressed with chitosan at the rate 0.4-0.6 mg/g seed and leaf spraying with 20-40 micro

g /ml increased fresh weight.



2.1.2 Seedling Oven Dry weight (g)

Ahmed et al. (2020) conducted an experiment at the research field of Sher-e-Bangla
Agricultural University, Dhaka, Bangladesh, to examine effect of chitosan-raw-
materials on yield maximization of BRRI dhan49 laid out in RCBD having four
treatments with five replications. ). The treatment combinations were as follows: T;:
Seedbed applied @ 0 g/m? + Main field applied @ 0 t/ha (Control); T: Seedbed
applied @ 0 g/m? + Main field applied @ 0.5 t/ha; T3: Seedbed applied @ 250 g/m? +
Main field applied @ 0 t/ha; T,: Seedbed applied @ 250 g/m? + Main field applied @

0.5 t/ha. Average 25.88 mg dry matter of a treated single seedling was increased.

Issak and Sultana (2017) conducted an experiment at the research field of Sher-e-
Bangla Agricultural University, Dhaka-1207 during the period from December 2015
to January 2016. There were six treatments in the experiments i.e. T1: seedbed applied
CHT powder at 100 g/m? T,: seedbed applied CHT powder at 200g/m?, Ts: seedbed
applied CHT powder at 300g/m?, T,: seedbed applied CHT powder at 400g/m?, Ts:
seedbed applied CHT powder at 500g/m? and T¢: seedbed applied CHT powder at 0
g/m?. From the experiment result revealed that oven dry weight of BRRI dhan29 rice
seedlings were significantly influenced due to the application of chitosan powder. The
maximum oven dry weight (6.43 g) production of 100 seedlings was found in the
treatment T, having 400 g powder/m? which was statistically different from all other
treatments. The lowest oven dry weight production (3.5 g) was found in the treatment

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

John Berber et al. (2012) conducted a pot experiment in an open greenhouse during
March to June 2012. The results were revealed saying that all studied traits of

inoculated and non-inoculated rice plants applied with various application methods



were not significantly different. Chemical fertilizer application in combination with
chitosan did not significantly differ from application of chemical fertilizer alone on
leaf greenness, plant height, dry matter, grain yield and panicle numbers but
significantly differed from those unapplied both chemical fertilizer and chitosan.
Nevertheless, seeds of dirty panicle disease were significantly affected by various
application methods, the lowest numbers were obtained from application of chemical
fertilizer in combination with chitosan whereas no application of both chemical
fertilizer and chitosan showed negative effect on controlling dirty panicle disease in

inoculated and non-inoculated rice plant.

2.1.3 Seedling height (cm)

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

of different crops.

Sultana et al. (2015) conducted a field experiment on rice plant. This experiment was
carried out by using four different concentrations of oligomeric chitosan that is 0, 40,
80 and 100 ppm and four times foliar spray after germination. This experiment
showed that plant height does not play any statistically significant differences
between control and 40 ppm oligo-chitosan sprayed plants. But in case of 80 and 100
ppm oligo-chitosan sprayed rice plants show significant differences with compared to

control.

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 oligomeric chitosan with 80% degree of

7



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

oligomeric chitosan stimulated plant height.

Nguyen et al. (2011) found that application of oligochitosan increased mineral
nutrient uptake of coffee and stimulated the growth of coffee seedlings. Oligochitosan
with concentration of 60 mg/L was sprayed and the height of the coffee seedlings was

increased up to 33.51%.

Guan et al. (2009) showed that chitosan under the stress of low temperature enhanced

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

Boonlertnirun et al. (2008) observed that chitosan application on rice plants did not
influence and stimulate the plant height significantly. Sultana (2007) applied Miyodo
on rice and reported that plant height increased in Miyodo application plant than from

the control.

Boonlertnirun et al. (2006) was conducted a greenhouse experiment for determining
the most effective chitosan dose and appropriate application method for increasing
rice yield and found that different molecular weights and different application

methods did not affect plant height with the application of chitosan.

Boonlertnirun et al. (2005) showed that application of chitosan did not affect plant
height, 1000-grain weight and number of seeds per head of rice but created variation
in number of tillers/plant and dry matter accumulation through seed soaking and

spraying 4 times.

Ouyang and Xu (2003) carried out an experiment with Chinese cabbage (Brassica
campestris) cv. Dwarf hybrid No.1 and observed that when seed dressed with

8



chitosan8 at the rate of 0.4-0.6 mg/g seed and leaf sprayed 20-40 micro g/L plant

height and leaf area of Chinese cabbage was increased.

Chibu and Shibayama (2001) found a positive and stimulating effect of chitosan on

the growth of roots, shoots and leaves of several crop plants.

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
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.

Sekh (2002) carried out an experiment to find out the effect of PGRs on rice and

found that GABA @ 0.33 mg/L produced the highest shoot height.

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.

2.1.4 No of tillers/hill

Ahmed et al. (2020) conducted an experiment at the research field of Sher-e-Bangla
Agricultural University, Dhaka, Bangladesh, to examine effect of chitosan-raw-
materials of on yield maximization of BRRI dhan49 laid out in RCBD having four
treatments with five replications. ). The treatment combinations were as follows: T;:

Seedbed applied @ 0 g/m? + Main field applied @ 0 t/ha (Control); T»: Seedbed



applied @ 0 g/m? + Main field applied @ 0.5 t/ha; T5: Seedbed applied @ 250 g/m? +
Main field applied @ 0 t/ha; T,: Seedbed applied @ 250 g/m? + Main field applied @
0.5 t/ha. In producing the total number of tillers/hill the treatments were found as
T3>T4>T2>T1. It showed that the application of chitoan-raw-materials in soil

increases the total tillers/hill.

Phothi and Theerakarunwong (2017) conducted an study to know the effects of
chitosan on physiology, photosynthesis and biomass of rice cultivar RD47. For
combined effects of chitosan and ozone, rice was soaked and sprayed with chitosan
0.05% (W/V) under elevated ozone concentration at 40 ppb (Chi+EO340) and 70 ppb
(Chi+EO370).Samples were analyzed weekly for tiller number per plants, leaf area,
leaf chlorophyll, photosynthesis, shoot biomass, root biomass and total biomass. For
the samples soaked and sprayed with chitosan under elevated ozone for 21 days,
Chi+EO340 and Chi+EO370 significantly performed more photosynthesis and more
tiller number per plants than EO340 and EO370, respectively (p < 0.05). In addition,
chitosan could reduce the ozone negative effects and increased higher physiology and

photosynthesis rate.

Sultana et al. (2015) conducted a field experiment at the Atomic Energy Research
Establishment (AERE) area in the year 2015. Each experimental plot size was
2.5x2.5m?. 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 (on
day 3, 17, 55 and 70 at field stages) were carried out. In the control treatment only
water was sprayed. Plant height, number of effective tiller per plant, panicle length,
total grains per panicle, 1000-grain weight and yield were recorded at harvesting time.

Result revealed that seed soaking in oligochitosan before planting tends to stimulate

10



plant height. Plant height does not show any statistically significant differences
between control and 40 ppm oligochitosan sprayed plants. But for 80 and 100 ppm
oligochitosan sprayed plants show significant differences with compared to control.
From data it is observed that number of effective tillers per plant, panicle length, total
grains per panicle and thousand grain weights also show significant differences
between control plants and foliar sprayed chitosan plants. It is also found that with o-
chitosan the yield of rice shows good result with compare to control. With 100 ppm o-
chitosan the yield of rice in terms of t/ha is 8.3 whereas in control it is 6.0 t/ha. The

increase of yield with chitosan in terms of control is 38%.

Boonlertnirun et al. (2008) carried out an experiment and observed that with
treatment of seed soaking in chitosan solution before planting maximum tiller number
was obtained and then applying in soil but did not significantly differ from the control

with no application of chitosan.

Limpanavech et al. (2008) carried out an experiment to observed that the effects on
Dendrobium “Eiskul” floral production with six types of chitosan molecules, P-70, O-
70, P-80, O-80, P-90, and O-90. Compared to the non-chitosan treated controls,9
chitosan O-80 induce early flowering at all concentrations tested, 1, 10, 50, and 100
mg/L and during the 68 weeks of the experimental periodic time it increase the

accumulative inflorescence number.

Boonlertnirun et al. (2006) reported that the application of polymeric chitosan by seed
soaking before planting followed by four foliar sprayings of chitosan doses

throughout cropping season significantly increased the number of tillers per plant.

Hoque (2002) conducted an experiment on germination of seed and growth of

seedling by seed soaking of different wheat cultivars with 0.16 ml/L, 0.33 ml/L and
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0.66 ml/L of CI-IAA, GABA and TNZ-303. Compared to the control number of tiller

significantly increased at 0.33 ml/L of PGR.

Bhuvaneswari and Chandrasekharan et al.(2008) showed varying chitosan application
methods did not affect tiller numbers per plant. The maximum tiller numbers obtained
from treatment of seed soaking in chitosan solution before planting and soil
application, however did not differ significantly from the control. Their treatment
combination were Tri- no chitosan application (control), Tr,- seed soaking with
chitosan solution Trs- seed soaking and soil application with chitosan solution and Tr,4

- seed soaking and foliar spraying with chitosan solution.

2.1.5 Grain yield

Al-Tawaha et al. (2020) conducted an experiment to investigation the quality and
productivity of barley by the fertilizer and chitosan application. Chitosan, in three
different concentrations (0, 5, and 10 g L), was randomly applied to all fertilized
plots as subplot treatments. However, other parameters, namely the number of grains,
number of spikes, and number of grains were also found to be influenced by the
chitosan treatment. Significant variation (P<0.01) were also high between the lines in
the presence and absence of chitosan application. The highest number of grain yield,
number of spikes, and grains/spike were found by the foliar treatment of 10 g L
«chitosan to barley plants at the tillering stage. Similarly, the grain quality, particularly
with respect to protein and starch, was found to be enhanced significantly over

control.

Ahmed et al. (2020) conducted an experiment at the research field of Sher-e-Bangla
Agricultural University, Dhaka, Bangladesh, to examine effect of chitosan-raw-

materials of on yield maximization of BRRI dhan49 laid out in RCBD having four
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treatments with five replications. ). The treatment combinations were as follows: T;:
Seedbed applied @ 0 g/m? + Main field applied @ 0 t/ha (Control); T: Seedbed
applied @ 0 g/m? + Main field applied @ 0.5 t/ha; T3: Seedbed applied @ 250 g/m? +
Main field applied @ 0 t/ha; T,: Seedbed applied @ 250 g/m? + Main field applied @
0.5 t/ha. Maximum grain yield (6.64 t/ha) was found in the treatment T, which was
statistically identical with the grain yield (6.51 t/ha) of treatment T3. Minimum grain
yield (5.28 t/ha) was found in the control treatment T; which was statistically identical
with the grain yield of treatment T,. Seedlings, treated with chitosan-raw-materials,

had a profound effect on grain yield and yield traits of T. aman rice (BRRI dhan49).

Priyaadharshini et al. (2019) conducted an experiment to study the effect of chitosan
nanoemulsion in pearl millet under water deficit condition. Foliar spray of 0.1%
chitosan nanoemulsion along with control was done at flowering stage under moisture
stress condition. Physiological traits on gas exchange parameters (photosynthetic rate,
stomatal conductance, transpiration rate and leaf temperature), chlorophyll index,
relative water content and yield attributes were recorded after foliar spraying of
chitosan. The results showed that the treatment with chitosan causes reduction in
stomatal conductance thereby limiting the photosynthesis, transpiration rate and raise
in leaf temperature than unsprayed plants. The yield was also significantly increased
in treated plants than control under drought condition. Hence, foliar spray of chitosan
plays an important role in alleviating the harmful effects of water stress by improving

the plant water status and yield.

Phothi and Theerakarunwong (2017) conducted a study to know the effects of
chitosan on physiology, photosynthesis and biomass of rice cultivar RD47 under

elevated ozone. Rice samples were grown at indoor climate controlled chambers,
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allowing the inlet air to pass through charcoal filters. For combined effects of chitosan
and ozone, rice was soaked and sprayed with chitosan 0.05% (W/V) under elevated
ozone concentration at 40 ppb (Chi+EO340) and 70 ppb (Chi+EO370). Control
groups (CF) with no additional ozone were also studied. Samples were analyzed
weekly for tiller number per plants, leaf area, leaf chlorophyll, photosynthesis, shoot
biomass, root biomass and total biomass. The results obviously showed that ozone at
the concentration of both 40 and 70 ppb caused negative effects on rice physiology,
photosynthesis and biomass. The 70 ppb concentration, particularly, caused severe
damage. Whilst soaking and spraying with chitosan could significantly reduce the
harmful effects of ozone compared with the control group. For the samples soaked
and sprayed with chitosan under elevated ozone for 21 days, Chi+EO340 and
Chi+EO370 significantly performed more photosynthesis and contained more leaf
chlorophyll than EO340 and EO370, respectively (p < 0.05). In addition, chitosan
could reduce the ozone negative effects and increased higher physiology and

photosynthesis rate.

Kananont et al. (2015) carried out 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 revealed that FCW @ 1% the grain yield differ

significantly from 0.5% FCW, 0.25% FCW and the rest of the treatment.

Sultana et al. (2015) conducted a field experiment on rice plant. This experiment was
carried out by using four different concentrations of oligomeric chitosan that is 0, 40,

80 and 100 ppm and four times foliar spray after germination. Results found that grain
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yield show significant differences in case of foliar sprayed chitosan plants and control

plants.

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.

Sultana (2010) from BAEC, Bangladesh reported that on growth and productivity of
Maize (Zea mays. L) plants the oligochitosan was applied for its potential use as plant
growth promoter. The application of oligochitosan (molecular weight 7,000 Da) as
foliar spraying with the concentration of 25, 50 and 75 mg/L. The results revealed that
the application of oligochitosan plays a significant role at the concentration of 75 mg/

L in terms of weight of cob and weight of seeds per Maize and ultimately maize yield.

Boonlertnirun et al. (2008) carried out an experiment with 4 treatments. The
treatments were T;- control (no chitosan application), T,- seed soaking with chitosan
solution, T3 - seed soaking and soil application with chitosan solution and T4 — seed
soaking and foliar spraying with chitosan solution. The results revealed that
chitosan15 application by seed soaking and then soil significantly increased yield over

the other treatments of rice plants.

Boonlertnirun et al. (2007) conducted a greenhouse experiments for determining the

effect of chitosan on drought recovery and grain yield of rice under drought
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conditions. Results showed that the before drought treatment application of chitosan
gave the highest yield and yield contributing character and also showed good recovery

of rice plants.

Boonlertnirun et al. (2006) showed that application of polymeric chitosan at the
concentration of 20 ppm rice yield of cultivar Suphan Buri 1 was significantly

increased over the control (no chitosan) conditions.

Hong et al. (1998) showed that chitin or derivatives chitosan 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. Application of chitosan in
agriculture reduce the use of chemical fertilizer, increases the production of different

kinds of plant, by 15-20%.

2.1.6 Straw yield

Phothi and Theerakarunwong (2017) conducted an study to know the effects of
chitosan on physiology, photosynthesis and biomass of rice cultivar RD47. Rice
samples were grown at indoor climate controlled chambers, allowing the inlet air to
pass through charcoal filters. For combined effects of chitosan and ozone, rice was
soaked and sprayed with chitosan 0.05% (W/V) under elevated ozone concentration at
40 ppb (Chi+EO340) and 70 ppb (Chi+EO370). Control groups (CF) with no
additional ozone were also studied. Samples were analyzed weekly for tiller number
per plants, leaf area, leaf chlorophyll, photosynthesis, shoot biomass, root biomass
and total biomass. The results obviously showed that ozone at the concentration of
both 40 and 70 ppb caused negative effects on rice physiology, photosynthesis and

biomass. The 70 ppb concentration, particularly, caused severe damage. In addition,
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chitosan could reduce the ozone negative effects and increased higher physiology and

photosynthesis rate.

Sultana et al. (2015) conducted a field experiment on rice plant. This experiment was
carried out by using four different concentrations of oligomeric chitosan that is 0, 40,
80 and 100 ppm and four times foliar spray after germination. Finally it is observed
that straw yield show significant differences between control plants and foliar sprayed
chitosan plants and highest straw yield was observed under 100 ppm oligomeric

chitosan and lowest straw yield was observed under O ppm oligomeric chitosan.

Kananont et al. (2015) carried out 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 revealed that FCW @ 1% the straw yield differ

significantly from 0.5% FCW, 0.25% FCW and the rest of the treatment.

2.2 Others reviews about chitosan on growth, yield parameter and yield

Sultana and Issak (2020) conducted an experiment at the research field of Sher-e-
Bangla Agricultural University, Dhaka- 1207, Bangladesh, during 2015-2016, to
investigate residual effect of raw material of chitosan (CHT) powder on chemical
properties of rice growing soils. The experiment was laid out in randomized complete
block design (RCBD) with four replications. T1=0.5 t/ha, T2 = 1.0 t/ha, T3 = 2.0 t/ha,
T 4.0 t/ha and T5 = 0 t/ha. 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). These results suggested that the residual effect of the raw material of CHT

powder could play a significant role to improve the sustainable soil health.
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Fermented chitin waste (FCW), a by-product obtained from chitinase production
using chitin fermentation. Kananont et al. (2015) carried out an experiment with16
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 revealed that @ 1% FCW
the pH differ significantly from 0.5% FCW, 0.25% FCW and the rest of the treatment.
The pH ranges from 5.01 to 5.93 among the treatment. @ 1% FCW the highest pH
was obtained (5.93) and lowest pH was obtained (5.01) with CF = soil supplemented

with chemical fertilizer.

John Berber et al. (2012) conducted a pot experiment in an open greenhouse during
March to June 2012. The results were revealed saying that all studied traits of
inoculated and non-inoculated rice plants applied with various application methods
were not significantly different. Chemical fertilizer application in combination with
chitosan did not significantly differ from application of chemical fertilizer alone on
leaf greenness, plant height, dry matter, grain yield and panicle numbers but
significantly differed from those unapplied both chemical fertilizer and chitosan.
Nevertheless, seeds of dirty panicle disease were significantly affected by various
application methods, the lowest numbers were obtained from application of chemical
fertilizer in combination with chitosan whereas no application of both chemical
fertilizer and chitosan showed negative effect on controlling dirty panicle disease in

inoculated and non-inoculated rice plant.

Van et al. (2013) conducted that the increase of the chlorophyll content as a result of
application of chitosan may be caused by plants enhanced uptake of nutrients, which

occurred in the studies by Nguyen on coffee seedlings.
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Berger et al. (2013) conducted an experiment which results revealed the potential of
rock biofertilizer mixed with earthworm compound inoculated with free living
diazotrophic bacteria and C. elegans (Fungi chitosan) for plant production and
nutrient uptake. The biofertilizer, such as may be an alternative for NPK fertilization

that slows the release of nutrients, favoring longterm soil fertility.

Mondal et al. (2012) showed that, when chitosan used in Boro rice, chitosan can

increase the yield.

Dzung et al. (2011) conducted that to reduce transpiration and to induce a range of
metabolic changes as a result of which, plants become more resistant to viral,

bacterial and fungal infections.
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CHAPTER 11

MATERIALS AND METHODS

The experiment was conducted under the net house at Sher-e-Bangla Agricultural
University, Dhaka-1207 during the period from July to November, 2020. This chapter
deals with a brief description on experimental site, climate, soil, land preparation,
layout of the experiment design, intercultural operations, data recording and their

analyses.
3.1 Experimental site

The research work was carried out at Sher-e-Bangla Agricultural University, Dhaka
under the net house. The soil of the experimental plots belonged to the Agro
Ecological Zone, Madhupur Tract (AEZ-28). For better understanding about the

experimental site has been shown in the Map of AEZ of Bangladesh in Appendix-I.

3.2 Soil

The experiment was carried out in a typical rice growing soil in pot under net house of
Sher-e-Bangla Agricultural University (SAU), Dhaka, during kharif-1I season of
2020. The soil characteristics were silty clay loam in texture with pH value 5.6. The
pots were above flood level and sufficient sunshine was available during the
experimental period. The physical and chemical characteristics of the experimental

soil have been presented in Appendix- 1.

3.3 Climate

This area characterized by high temperature, high relative humidity and heavy rainfall

with occasional gusty winds in Kharif-1l season (mid-July to mid-November).
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Weather information regarding temperature, relative humidity and rainfall prevailed at

the experimental site during the study period were presented in Appendix IV.
3.4 Planting material

T. Aman rice (Oryza sativa L.) variety BRRI dhan75 was used as planting material.
This is most popular varieties due to high yielding potentials and suitable for planted
at mid-June to mid-July. The life span of this variety is at 110-117 days. Grain yield
of BRRI dhan75 is 4.5-5.5 t/ha. The seeds of this variety was collected from

Bangladesh Rice Research Institute (BRRI), Gazipur.

Table 1: Morphological characteristics of the experimental field

Morphological features Characteristics
L ocation Sher-e-Bangla Agricultural University Farm,
Dhaka
AEZ Madhupur Tract
General Soil Type Red Brown Terrace Soil
Land type Medium high land
Soil series Tejgaon
Topography Fairly leveled
Flood level Above flood level
Drainage Well drained

3.5 Seed Collection

Healthy and vigorous seeds of BRRI dhan75 was collected from Bangladesh Rice

Research Institute (BRRI), Joydevpur, Gazipur.
3.6 Seed sprouting

Healthy seeds were collected by specific gravity method. The selected seeds were
soaked for 24 hours and then these were kept in gunny bags. The seed started

sprouting after 48 hours and almost all seeds were sprouted after 72 hours.
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3.7 Seedbed preparation and seed sowing

Seedbed pots (4.5 inch with 1.25 kg) were prepared on 15 July, 2020 for sowing the
sprouting seeds and proper care was taken for raising seedlings. The seedbed soil
were cleaned and irrigated properly. Sprouted seeds were sown in the wet soil on 19
July, 2020. Weeds were removed and irrigation was given in the pots where seeds

were sown when necessary.
3.8 Application of Chitosan raw materials

Chitosan raw materials prepared from shrimp shell in the form of powder was applied
in seedbed pot at a rate of 0.0% in Ty, 0.1% in T, 0.2% in T3, 0.3% in T4, 0.4% in Ts

and 0.5% in T; treatment on 19™ July, 2020.
3.9 Transplanting pot preparation

The land was first opened with the tractor drawn disc plough. Ploughed soil was then
brought into desirable fine tilth by 4 operations of ploughing and harrowing with
country plough and ladder. The stubble and weeds were removed. And finally put into
experimental pots. The first ploughing was done 6™ August and the final land
preparation was done 8" August, 2020. After final land preparation, 10 kg soil for
each pot was taken. Plastic pots were then divided into unit plots following the design

of experiment.

3.10 Treatments of the experiment
T1 = 0% chitosan raw materials,
T, = 0.1% chitosan raw materials,
T3 =0.2% chitosan raw materials,

T4 = 0.3% chitosan raw materials,
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Ts = 0.4% chitosan raw materials and
Ts = 0.5% chitosan raw materials.

Every treatments received N, P, K, S and Zn as basal doses. The rates and sources of

nutrients used in the study are given in Table-2.

Table 2: Name of the element, rate (kg/ha) and name of the fertilizer used for the

experiment:
Name of the element Rate (kg/ha) Name of the fertilizer
N 120 Urea
P 20 Triple Super Phosphate(TSP)
K 60 Muriate of Potash (MOP)
S 16 Gypsum
Zn 2 Zinc sulphate

Ref. According to Fertilizer Recommendation Guide, 2012.
3.11 Experimental design and layout

The experiment was laid out in a Completely Randomized Design (CRD). Fourteen
(14) inches size plastic pots having 10.5 inches length and 0.5 inches diameter with a
hole at the centre of the bottom were used. Each treatment had 48 pots and total pots
in the experimental field were 48x6=288. The layout of the experimental plot is

presented in Appendix I11.
3.12 Fertilizer application

All the fertilizers including 1/3" dose of urea were added to the soil during final land

preparation on 8 August, 2020. Urea was applied equally in three splits. The second
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split (1/3"of total amount of N) was applied on 30" August, 2020 and the third split

(1/3" of total amount of N) on 19" September, 2020 at maximum tillering stage.
3.13 Transplanting of seedling

Twenty one days old seedlings were uprooted carefully from the seedbed pot and
transplanted in the experimental pots on 10 August, 2020. Single seedling was

transplanted in each hill.
3.14 Intercultural operations

Intercultural operations were done for ensuring and maintaining the normal growth of

the crop. The detailed intercultural operations were recorded in the (table 3).
3.14.1 Irrigation

After transplanting 5-6 cm water was maintained in each pot through irrigation during
the growth period. Frequency of irrigation water was reduced after panicle emergence

and grain filling stage. The field was kept dried 7 days before harvesting.
3.14.2 Weeding

The crop was infested with some weeds during the early stage of crop establishment.
Three hand weeding were done to reduce crop competition with weed. First weeding
was done at 20 days after transplanting followed by second weeding at 15 days after

first weeding. Third weeding was done 15 days after second weeding.
3.14.3 Protection against insect and pest

There were some incidence in insects specially rice stem borer, grasshopper, rice bug
etc. which were controlled by spraying Diazinon 50 EC. Crop was protected

from birds and rats during the grain filling period. Rat was controlled by using field
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trap and poisonous bait. The net house was kept under strong surveillance, especially

during morning and afternoon to control birds.
3.15 Harvest and Threshing

The crop was harvested depending upon the maturity of plant. Harvesting was done
by serrated edged sickles manually from each pot. Maturity of crop was determined
when 80% of the grains became matured. The harvested crops from each pot were
bundled, properly tagged and then brought to the threshing floor for recording grain
and straw yield. Threshing was done plot wise by pedal thresher. The grains were
cleaned and sun dried to a moisture content of 12%. Straw was also sun dried

properly. Finally grain and straw yields per pot were determined and expressed in

gram (g).

Table 3: Dates of different operations done during the field study

Operations Working Dates

Application of chitosan raw materials in seedbed | 19 July, 2020

First ploughing 6 August, 2020

Transplanting pot preparation 8 August, 2020

Application of fertilizers (1/3rd Urea, TSP, MP,

Gypsum, ZnO, Boric acid) 9 August, 2020

Transplanting of seedlings 10 August, 2020

Intercultural Operations

2nd split application of urea and weeding 30 August, 2020
3rd split application of urea and 2nd weeding 19 September, 2020
Insecticide application 10 September, 2020

13 November, 2020;

Harvesting and threshing 15 November. 2020
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3.16 Data collection

The following parameters were recorded.

1)
2)
3)
4)
5)
6)
7)
8)

9)

Seedling height (cm)

Seedling Fresh weight (g)

Seedling Oven Dry weight (g)

No of tillers/hill at 20 DAT

No of tillers/hill at 30 DAT

No of tillers/hill at 40 DAT

No of tillers/hill at 50 DAT

Fresh weight production of tiller/6 hills at MT stage

Effective tiller

10) Grain yield (g)

11) Straw yield (g)

3.17 Procedure of data collection:

3.17.1 Seedling height (cm)

The heights of 21 days old seedlings were measured with a meter scale from the

ground level to tip of seedlings and the mean heights were expressed in cm.

3.17.2 Seedling Fresh weight (g)

Fresh seedlings of 21 days old were collected and then weighed by using a digital

electric balance.

3.17.3 Seedling Oven Dry weight (g)

Seedlings of 21 days old were dried in oven and weighed by using a digital electric

balance.
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3.17.4 Number of tillers/hill at 20 DAT

Number of tillers/hill were carefully counted at 20 DAT from each pot and averaged.
3.17.5 Number of tillers/hill at 30 DAT

Number of tillers/hill were carefully counted at 30 DAT from each pot and averaged.
3.17.6 Number of tillers/hill at 40 DAT

Number of tillers/hill were carefully counted at 40 DAT from each pot and averaged.
3.17.7 Number of tillers/hill at 50 DAT

Number of tillers/hill were carefully counted at 50 DAT from each pot and averaged.
3.17.8 Fresh weight of tiller/6 hills at MT stage

Fresh tillers from 6 hills at maximum tillering stage were collected and weighed in

electrical balance.
3.17.9 Effective tiller

The tiller which beared panicle, was considered as effective tiller. Number of
effective tiller/hill were carefully counted at harvest from each pot and averaged.
Number of effective tiller/hill were carefully counted at harvest from each pot and

averaged.
3.17.10 Grain yield (g)

Harvested bundles of rice plants from each pot were threshed and winnowed
separately. After winnowing the grain was sun dried pot wise upto 12% moisture
content and then their weight was recorded by digital electrical balance. Grain yield

from each pot were expressed as gram (g).

3.17.11 Straw yield (g)
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After separating the grains, straw obtained from each pot were sun dried and weighed

carefully by digital electrical balance and finally expressed as gram (g).
3.18 Analysis of data

The data were collected on different parameters and were statistically analyzed by

graphical presentation by means of standard deviation and standard error of mean.
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CHAPTER IV

RESULTS AND DISCUSSION

This chapter comprises of the presentation and discussion of the results obtained due
to application of different rate of chitosan raw materials on growth and yield of BRRI
dhan75. The results of the present investigation have been presented, discussed and

compared with the results of the researchers.

4.1 Seedling fresh weight (g)

Seedling fresh weight production of BRRI dhan75 showed significant variation with
the application of chitosan raw materials in seedbed. The results revealed that
production of maximum 100 seedling fresh weight (29.7 g) was observed in Ts
treatment. Whereas minimum 100 seedling fresh weight (13.9 g) was observed in T,
(control) treatment (Fig 1, A). Increasing trend of seedlings fresh weight production
was observed among the treatments. The results indicated that the fresh weight
production of seedlings was influenced by the application of chitosan raw materials in
the seedbed and this might be due its supplementation of different plant nutrients and
plant growth regulators (PGR). Chitosan raw materials promotes shoot and root
growth of rice seedling. (Issak and Sultana 2017; Phothi et al., 2017; Tsugita et al.,
1993). Present findings were also supported with the similar findings of Rahman et

al., (2015); Ahmed et al., (2020) and Sultana et al., (2020).
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4.2 Seedling oven dry weight (g)

Significant variation was found in seedling oven dry weight production among the
treatments used in the experiment. The experimental results revealed that production
of maximum 100 seedling oven dry weight (11.2 g) was observed in Ts treatment.
Whereas minimum production of 100 seedling oven dry weight (5.4 g) was observed
in Ty (control) treatment (Fig 1, A). Increasing trend of the seedlings dry weight
production was observed among the treatments. The dry matter production was
increased almost in a dose dependent manner. The present findings agree with the
findings of earlier studies of Al-Tawaha et al., 2018; Issak and Sultana 2017 and
Phothi et al., 2017. The results might be due to the alteration of soil pH, OC & N level
with application of using chitosan raw materials in seedbed (Rahman et al., 2015;

Sultana et al., 2020).

4.3 Seedling height (cm)

Seedling height of BRRI dhan75 showed significant variation with the application of
chitosan raw materials in all the treatments used in the experiment. The experimental
results revealed that maximum seedling height (31.11 cm) was observed in Ts
treatment and followed by Tg (30.86 cm), T4 (27.18 cm), T3 (25.81 cm), T, (23.64
cm). Whereas minimum seedling height (20 cm) was observed in T; (control)
treatment (Fig 1, B). Seedling height was increased almost in a dose dependent
manner. Present findings were supported with the similar findings of Rahman et al.,

(2015); Ahmed et al., (2020) and Sultana et al., (2020).
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Fig 1. Effect of chitosan raw materials on the production of fresh weight, oven
dry weight, seedling height and seedling strength of BRRI dhan75; A) 100
seedling fresh and oven dry weight; B) seedling height and C) seedling strength
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4.4 Seedling strength (mg/cm)

Seedling strength of BRRI dhan75 showed significant variation with the application
of chitosan raw materials in all the treatments used in the experiment. The results
revealed that maximum seedling strength (3.9 mg/cm) was observed in T, (0.3%)
treatment (Fig 1, B). Whereas minimum seedling strength (2.7 mg/cm) was observed
in Ty (control) treatment. Chitosan raw materials have positive role on seedling

strength modification (Ahmed et al., 2020; Issak and Amena, 2017).

4.5 Effect of chitosan raw materials influenced seedling strength on average tiller
production capacity of rice at different tillering stage

Tiller production capacity of chitosan raw materials treated seedlings was
significantly improved. Seedling strength strongly improved the average tiller

production capacity of BRRI dhan75 at different day after transplantation (DAT).

Tiller production at 20 DAT showed significant variation among all the treatments
used in the experiment. The results showed that maximum tiller number/hill (6.52)
was observed in Ts treatment which was statistically similar with Tg (6.15) treatment
and followed by T, (6.06), T3 (6.02) and T, (5.5) (Fig 2 A). Whereas minimum tiller
number/hill (4.48) was observed in T (control) treatment. All the treatments produced

higher tillering number/hill than the control treatment at 20 DAT.

At 30 DAT tiller production showed significant differences with the effects of
chitosan raw materials on seedling strength. The results showed that maximum tiller
number/hill (16.51) was observed in T, treatment which was statistically similar with

T3 (16.4) treatment and followed by T, (15.18), Ts (14.7) and Ts (14.56) (Fig 2 B).

32



Whereas minimum tiller number/hill (12.31) was observed in T, (control) treatment.
All the treatments produced higher tillering number/hill than the control treatment at

30 DAT.

Similar to the above two results, at 40 DAT tiller number/hill showed significant
variation among the treatments used in the experiment. The results showed that
maximum tiller number/hill (21.12) was observed in T, treatment which was
statistically similar with T3 (20.88) and T4 (20.2) and was followed by treatments Ts
(18.14) and Tg (18.14) (Fig 2 C). Whereas minimum tiller number/hill (17.86) was
observed in T; (control) treatment that was statistically identical with Ts and Tg
treatments. At 40 DAT all the treatments also produced higher tillering number/hill

than the control treatment.

At 50 DAT tiller number/hill also showed significant variation among the treatments.
The results showed that production of maximum tiller number/hill (21.83) was
observed in Tj treatment which was statistically identical with T, (21.74) and T,
(20.98) treatments (Fig 2 D). Whereas production of minimum tiller number/hill
(18.1) was observed in T; (control) treatment but statistically identical with Ts (18.14)
and Ts (18.36) treatments. At 50 DAT all the treatments produced higher tiller

number/hill than the control treatment.

Improved seedling strength, boosting with chitosan raw materials in the seedbed, play
influential role on early tiller production and significantly higher number of tiller
production/hill in the T,, T3 & T4 treatments. The results indicated that early tiller

production and higher tiller production could play significant role on yield
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maximization. Application of chitosan raw materials in the seedbed at different rates
exhibited the production of higher tiller number/hill in all the tillering stages as
compared with the control treatment. The growth-promoting effect of chitosan raw
materials was similar to chitosan-induced enhancement in primary metabolic
pathways, like photosynthesis, glycolysis, and nitrogen assimilation. In addition, the
effect was linked with stimulation of some signalling pathway related plant hormone
like gibberellins and auxin etc. The result obtained from the present study was similar

with the findings of Phothi., et al. (2017).
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Figure 2: Effect of chitosan raw materials influenced seedling strength on
average tiller production capacity of rice at 20, 30, 40 and 50 DAT
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4.6 Effect of chitosan raw materials influenced seedling strength on total tiller
production of BRRI dhan75 at 20 DAT

Chitosan raw materials significantly influenced total tiller production of rice at 20
DAT as applied in the seedbed before sowing. The results revealed that maximum
total tiller number (313/48 hills) was observed in Ts treatment (Fig. 3, A). Whereas
minimum total tiller number (220/48 hills) was observed in Ty (control) treatment.
The total tiller production was higher in all the treatments than the control treatment.
The total tiller production capacity of the treated seedlings were increased in a dose
dependent manner up to Ts treatments. The trend of the tiller production was
Ts>Te>T,>T3>T,>T; respectively. At 20 DAT, production of tiller per hill was found
higher in all the treatments over control. The maximum tiller number per hill (6.52)
was found in T, treatment and followed by T¢ (6.15), T4 (6.06), T3 (5.90), T, (5.50)
(Fig. 3, B). The results indicated that early tiller production per hill was influenced by
the seedbed application of chitosan raw materials. At 20 DAT, percent tiller
production was higher in all the treatments over control. The maximum percentage
(45.54%) of more tiller production was found in Ts treatment and followed by Tg
(37.28%), T4 (35.27%), T3 (34.38%), T, (22.77%) (Fig. 3, C). The results indicated
that early tiller production was influenced in the seedling treated with chitosan raw

materials and it could be a good sign for yield boosting of BRRI dhan75.
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Figure 3: Effect of chitosan raw materials influenced seedling strength on total
tiller production of BRRI dhan75 at 20 DAT
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4.7 Effect of chitosan raw materials influenced seedling strength on total tiller
production of rice at 30 DAT

Chitosan raw materials significantly influenced total tiller production of rice at 30
DAT as applied in the seedbed before sowing. The results revealed that maximum
total tiller number (787/48 hills) was observed in T3 treatment (Fig. 4, A). Whereas
minimum total tiller number (591/48 hills) was observed in Ty (control) treatment.
The total tiller production was higher in all the treatments than the control treatment.
The total tiller production capacity of the treated seedlings were increased in a dose
dependent manner up to T, treatments. The trend of the tiller production was
T3>T4>T>Te>Ts>T; respectively. At 30 DAT, production of tiller per hill was found
higher in all the treatments over control. The maximum tiller number per hill (16.40)
was found in T3 treatment and followed by T, (16.31), T, (15.50), Ts (14.71), Ts
(14.56) (Fig. 4, B). Whereas minimum tiller per hill production (12.31) was observed
in Ty (control) treatment. The results indicated that early tiller production per hill was
influenced by the seedbed application of chitosan raw materials. At 30 DAT, higher
percent tiller production was found in all the treatments over control. The maximum
higher percentage (34.12%) of more tiller production was found in T, treatment and
followed by T3 (33.23%), T, (23.31%), T (19.42%), Ts (18.28%) (Fig. 4, C). The
results indicated that early tiller production was influenced by the seedbed application

of chitosan raw materials.
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Figure 4: Effect of chitosan raw materials influenced seedling strength on total
tiller production of BRRI dhan75 at 30 DAT
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4.8 Effect of chitosan raw materials influenced seedling strength on total tiller
production of rice at 40 DAT

Chitosan raw materials significantly influenced the total tiller production of rice at 40
DAT as applied in the seedbed before sowing. The results revealed that maximum
total tiller production (887/42 hills) was observed in T, treatment and followed by T3
(877/42 hills), T, (848/42 hills), Ts (762/42 hills) and Te (762/42 hills) (Fig. 5, A).
Whereas minimum total tiller production (750/42 hills) was observed in Ty (control)
treatment. Tiller production was higher in all the treatments than the control
treatment. At 40 DAT, The maximum production of tiller per hill (21.12) was
observed in T, treatment and followed by T3 (20.88), T4 (20.19), Ts (18.14) and Ts
(18.14) (Fig. 5, B). Whereas minimum tiller per hill production (17.86) was observed
in T; (control) treatment. At 40 DAT, higher percent of total tiller production was
found in all the treatments over control. The maximum percentage (18.26%) of more
tiller production was found in T, treatment and followed by T3 (16.93%), T4
(13.09%), Ts (1.6%), Te (1.6%) (Fig. 5, C). The results indicated that early tiller

production was influenced by the seedbed application of chitosan raw materials.
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Figure 5: Effect of chitosan raw materials influenced seedling strength on total
tiller production of BRRI dhan75 at 40 DAT
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4.9 Effect of chitosan raw materials influenced seedling strength on total tiller
production of BRRI dhan75 at 50 DAT

Chitosan raw materials significantly influenced tiller production of rice at 50 DAT as
applied in the seedbed before sowing. The results revealed that maximum total tiller
number (913/42 hills) was observed in T, treatment and followed by T3 (895/42 hills),
T, (881/42 hills), Te (771/42 hills) and Ts (762/42 hills) (Fig. 6, A). Whereas
minimum total tiller number (760/42 hills) was observed in T; treatment. The total
tiller production was higher in all the treatments than the control treatment. At 50
DAT, production of tiller per hill was found higher in all the treatments over control.
The maximum tiller per hill (21.74) was observed in T, treatment and followed by T3
(21.31), T4 (20.98), Ts (18.36) and Ts (18.14) (Fig. 6, B). Whereas minimum total
tiller number (18.10) was observed in T; (control) treatment. At 50 DAT, higher
percent tiller production was found in all the treatments over control. The maximum
percentage (20.14%) of more tiller production was found in T, treatment and followed
by Ts (17.18%), T4 (13.21%), T (1.46%) and Ts (0.21%) (Fig. 6, C). The results
indicated that early tiller production was influenced by the seedbed application of

chitosan raw materials.
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Figure 6. Effect of chitosan raw materials influenced seedling strength on total
tiller production of BRRI dhan75 at 50 DAT
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4.10 Effect of chitosan raw materials influenced seedling strength on fresh weight

production of BRRI dhan75 at maximum tillering stage

The fresh weight at maximum tillering stage showed significant differences due to the
higher seedling strength which was the effect of CRM application in the seedbed. The
results revealed that maximum fresh weight production (468/6 hills) was observed in
Te treatment at MT stage and followed by T3 (432/6 hills), T4 (395/6 hills), T, (393/6
hills) and Ts (390/6 hills) (Fig. 7, A). Whereas minimum fresh weight production
(355/6 hills) was observed in Ty (control) treatment. All the treated seedlings

produced higher dry matter at MT stage than the control treatment.

The maximum average fresh weight production per hill (78 g) was found in T and
minimum average fresh weight production was observed in T; (59.2 g) treatment (Fig.

7, B). The trend of the average fresh weight production was Tg>T3>T>T,>T5>T;.

The result revealed that higher fresh weight production at MT stage was increased in
all the treated plants over control. The maximum higher fresh weight production was
found in Tg (31.8%) and followed by T3 (21.6%), T4 (11.7%), T, (10.5%) and Ts
(10.3%) treatments (Fig. 7, C). The results indicated that healthy seedlings (having
more seedling strength) had the capacity to produce higher fresh weight production

than control which was the effect of CRM application in seedbed.
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Figure 7. Effect of chitosan raw materials influenced seedling strength on fresh
weight production of BRRI dhan75 at maximum tillering stage
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4.11 Total tiller/hill and effective tiller/hill at harvest

Total tiller/hill and effective tiller/hill at harvest were showed significant differences
among the treatments. All the treatments produced higher effective tiller/hill than the
control. Only T, treatment showed significant differences with the control but not
others treatments. The results revealed that average maximum effective tiller/hill
(15.8) was produced in T, treatment followed by T3 (15.3), T4 (15.2), Ts (14.8), Ts
(14.3) (Fig. 8). Maximum 11.2% higher tiller production was found in T, treatment.

The results indicated that it could be the vital indicator for yield maximization of

BRRI dhan75.
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Figure 8. Effect of chitosan raw materials influenced seedling strength on total

tiller/hill and effective tiller/hill at harvest

4.12 Grain yield (g/hill)

A significant variation was observed on BRRI dhan75 grain yield with the treatments.
The results revealed that maximum grain yield (40.11 g/hill) was observed in T,

treatment which was statistically similar with the T3 (38.27 g/hill) treatment (Fig. 9,
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A). The minimum grain yield (34.33 g/hill) was observed in T; treatment which was

statistically similar with Tg (35.16 g/hill), T4 (35.49 g/hill) and Ts (35.68 g/hill)

treatment. All the treatments produced higher grain yield than control treatment. But

only T, and T3 had significant differences over control treatment. Maximum higher

grain yield (16.84%) was produced in T, treatment followed by T3 (11.47%), Ts

(3.93%), T4 (3.38%) and Tg (2.42%) (Fig. 9, B). This result is supported with the

results of Al-Tawaha et al. (2020), Priyaadharshini et al. (2019) and Al-Tawaha et al.

(2018).
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Figure 9. Effect of chitosan raw materials influenced seedling strength on grain
yield of BRRI dhan75. (A) grain yield (g/hill) and (B) % vyield increased over

control (g/hill)

46



4.13 Straw yield (g/hill)

Due to application of chitosan raw materials significant variation was observed on the
straw yield production of BRRI dhan75. The results showed that the maximum straw
yield (43.8 g/hill) was observed in T, treatment (Fig. 10). Whereas minimum straw
yield (34.5 g/hill) was observed in Tg treatment which was statistically similar with Ts

(35.3 g/hill), T4 (37.8 g/hill), T3 (38.5 g/hill) and T4 (39.2 g/hill) treatments.
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Figure 10. Effect of chitosan raw materials influenced seedling strength on on
straw yield (g/hill) of BRRI dhan75
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CHAPTER V
SUMMARY AND CONCLUSION

A pot experiment was conducted under the net house at Sher-e-Bangla Agricultural
University, Dhaka, Bangladesh, during the period of July-November, 2020 to study
the performance of a rice variety (BRRI dhan75) as influenced by chitosan raw
materials. Fourteen (14) inches size pots were used in the experiment, having length
(10.5 inches) and diameter (9.5 inches). The pots were filled with 10 kg field moist
soils of SAU having the soil texture silty clay loam. The experiment was laid in a
Completely Randomized Design (CRD). The experiment was comprised of six (6)
treatments i.e. T1 = 0% chitosan raw materials, T, = 0.1% chitosan raw materials, T3 =
0.2% chitosan raw materials, T4 = 0.3% chitosan raw materials, Ts = 0.4% chitosan
raw materials and T¢ = 0.5% chitosan raw materials. There were forty eight (48)
replications used in the experiment and the total number of experimental pots were
two hundred eighty eight (6 x 48=288). The treatment materials was applied in the
seedbed before sowing the sprouted seeds. Different parameters i.e. 100 seedling fresh
weight; 100 seedling oven dry weight; seedling height and seedling strength; total
tiller number at 20 DAT, 30 DAT, 40 DAT, 50 DAT; fresh weight production at MT
stage; effective tiller number; grain yield and straw yield were recorded and compared
among treatments. Significant differences were observed among the treatments used

in the experiment due to the application of chitosan raw materials in the seedbed.

The production of maximum 100 seedling fresh weight (29.7 g) was observed in Ts
treatment, whereas minimum 100 seedling fresh weight (13.9 g) was observed in T
(control) treatment. The production of maximum 100 seedling oven dry weight (11.2
g) was observed in Ts treatment whereas minimum production of 100 seedling oven

dry weight (5.4 g) was observed in Ty (control) treatment. The maximum seedling
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height (31.11 cm) was observed in Ts treatment, whereas minimum seedling height
(20 cm) was observed in T; (control) treatment. The maximum seedling strength was
found in the T4 (3.9) where minimum seedling strength was observed in control

treatment T, (2.7).

At 20 DAT, production of maximum tiller number/hill (6.52) was observed in Ts
treatment, whereas minimum tiller number/hill (4.48) was observed in Ti(control)
treatment. At 30 DAT, production of maximum tiller number/hill (16.51) was
observed in T, treatment, whereas minimum tiller number/hill (12.31) was observed in
Ti(control) treatment. At 40 DAT, production of maximum tiller number/hill (21.12)
was observed in T, treatment, whereas minimum tiller number/hill (17.86) was
observed in T; (control) treatment. At 50 DAT, production of maximum tiller
number/hill (21.83) was observed in T3 treatment, whereas production of minimum
tiller number/hill (18.1) was observed in T; (control) treatment. The maximum
percentage (45.54%) of more tiller production was found in Ts treatment at 20 DAT.
The maximum higher percentage (34.12%) of more tiller production was found in T4
treatment at 30 DAT. The maximum percentage (18.26%) of more tiller production
was found in T, treatment at 40 DAT. And finally at 50 DAT, the maximum
percentage (20.14%) of more tiller production was found in T, treatment. Production
of maximum fresh weight (468/6 hills) was observed in Tg treatment at MT stage,
whereas minimum fresh weight production (355/6 hills) was observed in T, (control)
treatment. The maximum average fresh weight production per hill (78 g) was found in
Te and minimum average fresh weight production was observed in T; (59.2 Q)
treatment at MT stage. The maximum effective tiller/hill production was found in T,
(15.8) whereas the minimum effective tiller/hill was observed in control T; (14.2).

The highest grain yield (40.11 g/hill) was found in T, and the lowest grain yield was
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found in the control T; (34.33 g/hill). The maximum straw yield (43.8 g/hill) was
observed in T, treatment whereas minimum straw yield (34.5 g/hill) was observed in

Te treatment.

Taken above results together, the research findings indicated that chitosan raw
materials significantly influenced the seedling strength and that was allow to
influenced maximum effective tiller production remitting higher grain yield. The
treatment T, having 0.1% chitosan raw materials applied in the seedbed had

maximum effective tiller (15.8) and so had maximum grain yield (40.11 g/hill).

However, to reach a specific conclusion and recommendation, more research work on
chitosan raw materials application under these treatment variables should be done in

different Agro-ecological zones of Bangladesh for sustainable production of rice.
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APPENDICES

Appendix . Map showing the experimental site under study
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Appendix 1. Characteristics of soil, used in the experiment

The initial physical and chemical characteristics of soil of the experimental
site (0 - 15 cm depth)
Physical characteristics

Constituents Percent

Sand 20

Silt 51

Clay 29

Textural class Silty clay loam

Chemical characteristics

Soil characteristics Value
pH 5.6
Organic carbon (%) 0.45
Organic matter (%) 0.77
Total nitrogen (%) 0.03
Available P (ppm) 20.54
Exchangeable K (me/100 g soil) 0.10
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APPENDIX I11: Layout of the experiment W‘@’ €
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LEGEND
Each treatment had 48 pots and total pots in the experimental field were 48x6=288

T1 = 0% chitosan raw materials, T, = 0.1% chitosan raw materials, T3 = 0.2%
chitosan raw materials, T4 = 0.3% chitosan raw materials, Ts = 0.4% chitosan raw
materials and Tg = 0.5% chitosan raw materials.
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Appendix 1V. Monthly meteorological information during the period from July to
November, 2020.

Air temperature (°C) Relative humidity | Total rainfall
Year | Month Maximum | Minimum | (%) (mm)
July 32.6°C 26.8°C 81% 114mm
August 32.6°C 25.5°C 80% 106mm
2020 | September 32.4°C 25.7°C 80%. 86mm
October 31.2°C 23.9°C 76%. 52mm
November 29.2°C 20.5°C 38 9mm

Source: Metrological Centre, Agargaon, Dhaka (Climate Division)
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