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Introduction

Brinjal (Solanum melongena L.) belongs to
the family Solanaceae, an important and popu-
lar vegetable in Bangladesh. It is grown in al-
most all agroclimatic zones with more than 100
different varieties under cultivation, offering
fruits of different colors, sizes, shapes, and
tastes. [t may ovoid to long club shaped and col-
ors such as yellow, white, green and purple skin
coloring to almost black. It has great im-
portance as a vegetable in the human diet be-
cause of its worth in vitamins, proteins and fun-
damental minerals. It is the 2rd most important
vegetable grown in Bangladesh, by about 1.5
lakh resource poor farmers on 50,955 ha of
land with a total production of 5.07 lakh metric
tons in 2018 (Bangladesh Bureau of Statistics,
2018).

However, there are many factors remain
beyond the low production of brinjal for in-
stance, aberrant climatic conditions, soil fertil-
ity, seeds quality, and plant diseases. Among
these factors, disease is one of the main con-
straints for the low yield and quality of this
crop. Brinjal is susceptible to several diseases
such as Fusarium wilt, Verticillium wilt and
Bacterial wilt. The most dreadful disruption in
sound brinjal production is the Fusarium wilt
caused by F. oxysporum f. sp. melongenae. F. ox-
ysporum f. sp. melongenae is a soil inhabiting
fungus responsible for Fusarium wilt of brinjal
is very common in the brinjal growing regions.
It can decline the crop yield severely. Firstly,
wilting symptoms appear in isolated patches
containing less or more circular outlines whose
enlargement proceeds as the disease pro-
gresses. Curling starts from the lower surface of
leaflets and progresses upward. Thus, the
crown may start bending and plants die. The
root system of plants cannot develop properly
and thus discoloring or browning occurs. Par-
tial or whole discoloration of roots may occur.
In early cases, the tapering root system is de-
stroyed from tips and shows abnormal stunted
growth. The growth of secondary roots occurs
rapidly in clusters above level of disease. Af-
fected portions of roots showed discoloration
or browning of some walls and fungal hyphae
are noticed in some vessels near the walls
(Abdel-Monaim et al., 2014). The fungus chokes

the xylem-phloem of plant and plant dies from
water and nutritional deficiency.

Controlling this devastating disease is very
difficult as the pathogen is primarily soil borne
and produces macroconidia, microconidia and
chlamydospores. These viable and thick walled
chlamydospores, filled with lipid like material,
survive long time in the soil (Agrios, 2006). The
suggested management methods against the
wilts are the use of crop rotation of crops, use
of resistant varieties, solarization, soil sterility
and use of fungicides. Although the use of
Fusarium resistant brinjal variety can deliver
some degree of control of this disease, the oc-
currence and development of new pathogenic
race is a great challenge. Recently, there are no
commercially acceptable variety with adequate
resistance to F. oxysporum f. sp. melongenae.

On the other hand, use of chemical fungi-
cides is costly and hazardous to health and en-
vironment. The broad-spectrum pesticides
may cause problems by targeting beneficial or-
ganisms and the recurrent use of these syn-
thetic pesticides leads to loss of biodiversity
(Yasmin & D'Souza, 2010). It is now well docu-
mented that treatment of plants with various
eliciting agents leads to an induced resistance
against subsequent pathogen attacks, both lo-
cally and systemically. Therefore, in order to
enhance plant resistance, the use of elicitors is
becoming very attractive. In agriculture, eco-
friendly tool that could provide efficient alter-
natives to the usage of chemical pesticides for
managing plant diseases, thus reducing their
environmental negative impacts. Chitosan is a
linear amino polysaccharide obtained by
deacetylation of chitin (poly-N-acetyl glucosa-
mine). It is a cationic polymer. It possesses pri-
mary amino groups in its structure and acts as
an antimicrobial agent due to the presence of
these amino groups (Ramirez et al,, 2010). It
gives a satisfactory level of crop protection
against Fusarium spp. as compared to chemical
pesticide (Benhamou et al., 1998).

Chitosan induces phenolic compounds such
as lignin, phytoalexins, PR proteins (pathogen-
esis-related proteins), callose, and modulate
the activity of critical enzymes of metabolic
pathways involved in the defensive response,
for instance PAL, peroxidases and chitinase (Li
& Zhu, 2013; Orzali et al., 2014). However, a
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few studies have been done on the manage-
ment of Fusarium wilt disease of brinjal but
there is no report on chitosan-based manage-
ment of the above-mentioned disease of brinjal
in Bangladesh. Considering the aforesaid facts,
the present research was undertaken to evalu-
ate the effectiveness of chitosan in reducing
Fusarium wilt of brinjal and enhancing growth
and yield of brinjal.

Materials and methods
Experimental site

A field experiment was laid out at Banga-
bandhu Sheikh Mujibur Rahman Agricultural
University (BSMRAU) from 2018 to 2020 Geo-
graphically the experimental area is located at
24° 09' N latitude and 90° 26' longitudes at the
elevation of 8.2m from sea level. The soil type
of the experimental site belongs to the shallow
red-brown terrace type under Salna series of
Madhupur tract of Agroecological zone (AEZ)
28 which is characterized by silty clay with a
pH value of 6.5. The experimental site is under
the subtropical climatic zone which is charac-
terized by less rainfall, almost clear sunshine
and moderate temperature. The average tem-
perature and annual rainfall in Gazipur are
25.8°C and 2036 mm, respectively.

Experimental materials

Seeds sample of brinjal variety “BARI Be-
gun-4 (Kajla) was collected from the Bangla-
desh Agricultural Research Institute (BARI),
Gazipur, Bangladesh.

Collection, isolation and preservation of F.
oxysporum f. sp. melongenae isolates

Three isolates of F. oxysporum f. sp.
melongenae designated as F-1 to F-3 were iso-
lated from infected root, stem and pod tissues
of brinjal, pea, and tomato. The specimens
which had characteristic symptoms of root rot,
as well as wilt, were selected from the infected
fields. The fungal isolates were isolated. Then,
the fungal colonies were grown on PDA and
identified by following the standard method.
The isolates were purified following the hyphal
tip method and stored in PDA slants at 10°C.

Inoculum preparation of test pathogen
Inoculum of the F. oxysporum f. sp. melonge-
nae isolates were made and preserved
according to Rubayet and Bhuiyan (2016). In
field experiments, 40 g wheat grain colonized
inoculum were applied per plot as per the re-
quired treatments before sowing the seeds.

Pathogenicity test

Three isolates, namely F-1, F-2 and F-3 of F.
oxysporum f. sp. melongenae were tested for
their virulence against pre-emergence and
post-emergence mortality of brinjal by soil in-
festation method in pot culture experiment as
stated by Datar (2011). Each earthen pot was
filled with 3.0 kg sterilized soil. Fifteen seeds
were sown in every pot and before sowing the
soil was mixed with inoculum tested pathogen.
Butin control pot seeds were sown without any
inoculum. Disease development was observed
and recorded to estimate the effect of pathogen
in causing pre-emergence and post-emergence
seedling mortality of brinjal. Disease incidence
and severity were taken by indexing on five de-
grees of rating scale in which 0= no symptoms,
1= 1-25, 2= 26- 50, 3= 51-75, and 4276% of
brinjal stem covered with lesions (El-Bramawy
& Wahid, 2007). The causal agent was con-
firmed after re-isolation of pathogen from in-
fected roots and seedling.

Selection of effective dose of chitosan against
F. oxysporum f. sp. melongenae

Chitosan was collected from Sisco Research
Laboratories Pvt. Ltd. (SRL), India. It was de-
rived from the cell of quick growing sea shrimp.
A series of preliminary evaluations of chitosan
were done with different concentrations of chi-
tosan such as 0.6, 0.8, and 1.0% on PDA plate
against F. oxysporum f. sp. melongenae. Plates
were individually tested at the center with
equal agar plug (5 mm in diameter) taken from
seven days old culture of the pathogen and in-
cubated at 25°C. Mean colony diameter was
measured when the control plate reached full
growth. The radial growth of F. oxysporum f. sp.
melongenae in 3 replications were recorded
distinctly and their means were taken. The per-
cent inhibition of the radial growth was calcu-
lated as described by Sundar et al. (1995).
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% inhibition of growth = % x 100

Where,

X = Mycelial growth of pathogen without
chitosan (control)

Y = Mycelial growth of pathogen with chitosan

Treatments

The treatment combinations were as follows:
T1: Seed and soil without any treatment (with-
out chitosan, only fertilizers)

T,: Soil inoculation with pathogen F. oxysporum
f. sp. melongenae

Ts: T2 + seed treatment with 1.0% chitosan

T4: T2 + soil amendment with 1.0% chitosan

Seed treatment with chitosan at different
time

Seeds of brinjal were surface sterilized by
immersion of 1.0% NaOCl, thoroughly cleaned
with sterile distilled water and were deep into
each of the chitosan solution (pH 5.5 -6) at
1.0% concentration. Seeds were treated with
1.0% chitosan for 3, 6, 9, 12, and 24 hrs. After
immersion the wetted seeds were air dried in a
sterile cabinet and kept in desiccator until use.
Seed soaked with 1.0% chitosan for 12 hrs was
selected for field experiment.

Raising of seedlings

The soil was prepared through mixing ferti-
lizers and cowdung for raising brinjal seed-
lings. Seeds were sown in the tray on Septem-
ber 2019 after the required treatments. After
sowing, the seeds were covered with light soil.
Proper care was taken to raise healthy seed-
lings.

Land preparation and design of experiment

The field was made with well tilth using a
tractor driven disc plough, rotavator and har-
row. The experiment was laid out in the RCBD
with three replications. After land preparation
the experimental area was divided into three
blocks, representing 3 replications. The unit
plot size was 1.5 m x 1.5 m.

Use of manure and fertilizer

During the land preparation well decom-
posed cow dung was applied. Urea (150 kg),
Triple Super Phosphate (130 kg), and Muriate

of Potash (55 kg) per ha were applied accord-
ing to the recommended dose.

Soil amendment with chitosan

Soil (3kg) was mixed with 1.0% chitosan for
each pit per plot as soil amendment. Soil
amendment was done before 3 days of trans-
planting of brinjal seedlings and after 7 days of
inoculum applied in the field.

Transplanting of seedlings

Twenty-five days aged healthy brinjal seed-
lings variety “Kajla” were collected from the
tray for plantation. Distance between plant to
plant was 75 cm and row to row was 75 cm. A
total of four seedlings were planted in each plot
after 25 days of seed sowing in October 2019.
The intercultural activates as for example
weeding, irrigation etc. were done whenever it
was necessary until the maturity of plants.

Data collection

Data on the % seedling mortality, % disease
incidence, % disease severity, root and shoot
length (cm), fresh weight (g), dry weight (g),
root diameter (cm), root weight/ plant (g),
yield (t/ha) were collected.

Observation of disease development
Germination and seedling disease develop-
ment was observed regularly and seedling
growth was recorded at 20, 30, and 40 days af-
ter sowing to estimate the effect of chitosan on
pre-emergence and post-emergence seedling
mortality and growth of brinjal. Plant After 95
DAS disease incidence and severity were taken
by indexing on five degrees of rating scale in
which 0= no symptoms, 1= 1-25, 2= 26- 50, 3=
51-75, and 4276 of brinjal stem covered with
lesions (El-Bramawy & Abd-AlWahid, 2007).
The causal agent of Fusarium wilt (F. ox-
ysporum f. sp. melongenae) was confirmed after
re-isolation of the pathogens from the ungermi-
nated seeds and diseased (wilted) seedlings.

Disease assessment
Disease incidence and percent disease index

(PDI) were assessed by the following formula:
(%) DI = Number of infected plants 100

Total number of plants observed
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PDI=

¥ ofrating of plants observed

No. of plants observed x Max. score of the scale used

Percent disease control (PDC) was calculated
by the following formula:
PDC =

(% disease in check)— (% disease in treatment)

x 100

(% disease in check)

Harvesting

Brinjal harvesting was started at 120 days
after transplanting. The 2rd and 3rd harvesting
were done after 15 days interval, respectively.
All the harvests were completed by 23 March
2020.

Statistical analysis

Data recorded on diseases and yield com-
ponent parameters and transformed whenever
necessary. Finally, data were analyzed using
the Statistix 10 statistical computer program.
The means were compared following LSD
(Least Significant Difference) test.

Results and discussion
Pathogenicity test of F. oxysporum f. sp.
melongenae isolates against brinjal seed-
lings

The pathogenicity test of the 3 selected iso-
lates of F. oxysporum f. sp. melongenae against
brinjal seedlings was done in the pot containing
sterilized soil to find out the most virulent iso-
late of the test pathogen. All the test pathogen

x 100

isolates were virulent but showed variability,
causing total seedling mortality of brinjal
(Table 1). The isolate F-1seemed to be the most
virulent causing the highest (81.98%) total
mortality followed by isolate F-2(53.89%). The
lowest mortality was observed (35.73%) by F-
3isolate. Non-inoculated control plants exhib-
ited no mortality.

At 45 DAS, seedlings shown leaf chlorosis
and minor vein clearing on the outer leaflets
followed by yellowing and dropping of leaves,
discoloration of the stem and death of the
above-ground plant parts of whole plant (Table
2). Pathogenicity was confirmed by re-isolation
and identification of the pathogen from the in-
fected plants. All isolates obtained were identi-
fied as F. oxysporum f. sp. melongenae due to the
production of morphological characteristics
like 3-5 septate, sickle shaped macroconidia
with a foot shaped basal cell, ellipsoid micro-
conidia borne in false heads on short mono-
phialides and chlamydospores. Only the
Fusarium species was isolated. The disease se-
verity of wilt symptoms on the stems was as-
sessed using a wilt disease scale. All the isolates
tested were pathogenic to brinjal with different
degrees of disease severity. All tested isolates
caused 100% DI. The highest PDI (52.00%) was
recorded in F-1 inoculated plants. Based on this
pathogenicity test, the isolate F-1 was chosen
for the following studies. There are strong evi-
dences found where pre-emergence and post-
emergence mortality occurred due to virulent
isolate of F. oxysporum f. sp. melongenae (Gos-
wami et al., 2012; Adhikary et al., 2017).

Table 1. Pathogenicity test of F. oxysporum f. sp. melongenae isolates against brinjal seedlings in pot

culture
Isolates Mortality (%)

Pre-emergence Post-emergence Total
F-1 46.67 a 35.32a 81.98 a
F-2 30.96b 2293b 53.89b
F-3 23.05¢c 12.68 c 35.73 ¢
Untreated control 0.00d 0.00d 0.00d
CV (%) 0.93 0.92 -
SE (#) 1.32 1.31 -

*Means within the same column having a common letter (s) do not differ significantly (P=0.05) by

LSD.
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Table 2. Fusarium wilt disease incidence (DI) and percent disease index (PDI) of brinjal at 45 DAS in

pot culture
Isolates % DI PDI
F-1 100.00 a* 52.00 a
F-2 100.00 a 45.00b
F-3 100.00 a 36.00 c
Untreated control 00.00b 00.00d
CV (%) - 6.48

*Means within the same column having a common letter (s) do not differ significantly (P=0.05)

by LSD.

Effect of chitosan on mycelial growth of viru-
lent isolate of F. oxysporum f. sp. melongenae

Chitosan @ 0.6, 0.8, and 1.0%were tested
against the hyphal growth retarded of F. ox-
ysporum f. sp. melongenae on potato dextrose
agar medium. The inhibitory effect was found
to increase while rising the chitosan concentra-
tion level. The highest (100.00%) reduction of
the mycelial growth of F. oxysporum f. sp.
melongenae over the control PDA plate was ob-
served at 1.0% of chitosan amended with PDA
plate followed by 0.8% of chitosan with 83.33%

reduction of mycelial growth respectively. Sig-
nificantly the lowest (61.11%) reduction of the
mycelial growth of the pathogen was examined
at 0.6% of chitosan mixed PDA plate (Table 3
and Figure 1). Considering the in vitro evalua-
tion, the most effective 1.0% chitosan concen-
tration was selected for further study. There
are huge number of evidences of mycelial
growth reduction by chitosan (Saharan et al,
2013; Silva et al., 2014; Nitu et al., 2016; Akter
et al,, 2018; Jannat et al., 2018).

Table 3. Effect of chitosan on mycelial growth of F. oxysporum f. sp. melongenae

Treatments Radial mycelial growth (mm) at 10 % mycelial growth inhibition
days after incubation over control

Control 90.00 a -

0.6% chitosan 35.00b 61.11
0.8%chitosan 15.00 c 83.33

1.0% chitosan 0.00d 100.00

CV (%) 0.95 -

SE () 0.19 -

*Means within the same column having a common letter (s) do not differ significantly (P=0.05) by

LSD.

0.8% chitosan

0.6% chitosan

1.0% chitosan

Figure 1. Colony of F. oxysporum f. sp. melongenae under chitosan treament on PDA
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Morphological change was also noticed
among the plates treated with chitosan and the
untreated plate with the light microscope (Fig-
ure 2). The changed hyphae of F. oxysporum f.
sp. melongenae were agglomeration of hyphae,
abnormal in shape, swelling of cells, hyphae

size reduction and empty cells devoid of cyto-
plasm in the mycelia were observed in chitosan
treated plate compared to untreated plate or
normal PDA plate which strongly follow the ar-
ticles (Al-Hetar, 2011).

Figure 2. Mycelial change in chitosan mixed PDA plates. Here, normal hypha (A), deformed

hypha (B)

Standardization of time for seed treatment
with chitosan

Brinjal seeds were soaked with 1.0% chi-
tosan at different times for standardization of
the duration of seed soaking. The effect of soak-
ing time was evaluated based on seed germina-
tion and seedling growth related parameters.
Germination percentage, root and shoot length
of seedlings were measured from randomly
taken five seedlings for each replication of all
treatments at 20 DAS respectively. Seeds were
soaked with chitosan for 0, 3, 6, 9, 12, and 24
hrs. Germination percentages and growth of

brinjal seedlings were increased gradually at 0,
3,6,9, and 12 hrs soaked seeds and after that
decreased at 24 hrs soaked seeds (Table 4 and
Figure 3). The significantly maximum germina-
tion percentage (80.33%), root length (8.30
cm) and shoot length (10.83 cm) were noticed
at 12 hrs seed treatment. The lowest germina-
tion percentage (38.11%), root length (6.23
cm) and shoot length (9.20 cm) were observed
at 24 hrs seed treatment. Finally, 12 hrs dura-
tion of seed treatment was selected for field ex-
periment. This experiment is highly supported
by Lizarraga-Paulin et al. (2013).

Table 4. Effect of the time duration of seed soaking with chitosan on germination and growth

parameters of brinjal seedlings at 20 DAS

Time duration (hrs) for % germination Root length (cm) Shoot length (cm)
seed treatment with 1.0%

chitosan

0 48.42 e 4.20e 510e
3 53.22d 5.58d 6.43d
6 55.56 ¢ 6.51c 8.26 c*
9 64.42 b 7.10b 8.70b ¢
12 80.33a 8.30a 10.83 a
24 38.11f 6.23 ¢ 9.20b
CV (%) 1.68 3.84 4.21
SE (1) 0.55 0.14 0.19

*Means within the same column having a common letter (s) do not differ significantly (P=0.05) by

LSD.
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Control 3 6

24 hrs

Figure 3. Effect of time duration (0-24 hrs) on seed soaking with 1.0% chitosan on growth of

brinjal seedlings at 20 DAS

Effect of chitosan on germination percent-
age, pre-emergence and post-emergence
seedling mortality of brinjal

To know the effect of chitosan on germina-
tion, pre- and post-emergence seedling mortal-
ity of brinjal, seed treatment and soil amend-
ment were done with 1.0% of chitosan in path-
ogen inoculated condition. These seeds were
sown in the plastic tray after required treat-
ments and data were recorded up to complete
germination. All the treatments increased the
germination percentage compared to treat-
ment T; where the soil was inoculated with the
pathogen (Table 5). The highest germination
percentage (66.86%), and reduction of total
seedling mortality (65.87%) were observed in
T; followed by T4 But, the highest total seedling
mortality (74.78%) and lowest germination
(43.75%) were found in T, where soil was

inoculated with the test pathogen. This data
supported by Nitu et al. (2016); Akter et al.
(2018) where application of chitosan was
found to increase germination and decrease
seedling mortality of tomato and chili, respec-
tively. Chitosan has an outstanding substantial
of forming a semi-permeable film on the seed
surface that can retain the moisture of the seed
and absorb extra moisture from the soil,
thereby promoting seed germination (Zeng &
Luo, 2012).The potential contributions are
higher seed germination, enhanced seedling
growth and development, and activation of an-
tioxidant enzymes to prevent the potential
damage by the reactive oxygen species (ROS) at
the time of seed germination (Saharan et al,
2013; Anusuya et al., 2016). Chitosan as seed
treatment concerns the elicitation of the sys-
temic resistance in plants.

Table 5. Effect of chitosan on germination percentage, pre-emergence and post-emergence seedling
mortality of brinjal in F. oxysporum f. sp. melongenae inoculated field

Treatments % germination % increased Seedling Mortality (%)
Pre- Post- Total %
emergence emergence decreased

Ty 84.50 a - 0.00d 0.00d 0.00d -
T2 43.75d - 40.75a 36.03 a 74.78 a -

Ts 73.00 b 66.86 11.50 ¢ 14.00 ¢ 25.52¢c 65.87

T4 61.50 c 40.57 23.00b 17.67b 40.67 b 45.57
CV (%) 2.46 - 8.60 8.97 3.60 -
SE () 0.81 - 0.80 0.87 0.10 -

Note: T1= Seed without any treatment (control-1), T>= Soil inoculation with pathogen (control-2),
Ts= Tz+seed treatment with 1.0% chitosan, T4= T,+so0il amendment with 1.0% chitosan.

JAAB | Journal of Agriculture and Applied Biology

131 Volume 2 | Number 2 | December | 2021



Chaterjee et al, 2021 / Chitosan for suppression of fusarium wilt and plant growth promotion of brinjal

Effect of chitosan on growth of brinjal seed-
ling at different days after sowing

To know the effect of chitosan on growth
related parameters such as root and shoot
length, fresh and dry weight were measured
from randomly taken five plants from each rep-
lication of all treatments at 10, 20, and 30 DAS,
respectively of brinjal seedlings in pathogen in-
oculated condition. Application of chitosan as
seed treatment or soil amendment increased
growth of brinjal seedlings at 10, 20, and 30
DAS, respectively (Table 6 and Figure 4). At 10
DAS, the highest value of root length (5.75 cm)
was observed both in T3 and T4 treatment
where seed treatment and soil amendment
were done, respectively. The highest shoot
length (5.60 cm), fresh weight (0.24 g) and dry
weight (0.040 g) were recorded in T4 treatment
followed by T3z. Where the lowest value of root
length (2.63 cm), shoot length (3.97 cm), fresh
weight (0.10 g) and dry weight (0.015 g) were
recorded in treatment T». At 20 DAS, the high-
est value of root length (7.32 cm), shoot length
(9.22 cm), fresh weight (0.79 g) and dry weight
(0.26 g) were observed in Tz followed by Ta.
Significantly the lowest value of root length
(5.10 cm), shoot length (6.52cm), fresh weight
(0.50 g) and dry weight (0.06 g) were observed
in pathogen inoculated plot T». At 30 DAS, the
highest root length (9.75 cm), fresh weight
(1.01), dry weight (0.43 g) was observed T3,
where seed treatment was done with 1.0% chi-
tosan followed by T4 where soil amendment

was done with 1.0% chitosan. The highest
shoot length (11.07 cm) was recorded T4 fol-
lowed by Ts. The lowest root length (6.45 cm),
shoot length (7.85 cm), fresh weight (0.70 g)
and dry weight (0.20 g) were recorded in T»
(Table 6 and Figure 4). Treatments Tz and T4
were statistically identical.

The improvement of growth-promoting
components (root and shoot length, etc.) of
brinjal, chili, etc. by chitosan was also found in
Li et al. (2013); Akter et al. (2018). Chitosan
helped to activate the hydrolytic enzymes
needed to degrade and mobilize reserve food
materials including starch and protein
(Hameed et al., 2013). It can also promote the
division of root cells by activating plant hor-
mones including auxin and cytokinin that fur-
ther lead to increased nutrient intake (Dzung et
al, 2011). Based on recent findings, chitosan
when applied as a seed treatment, behaves as a
resistance elicitor, inducing a physiologically
enriched defensive ability in seedlings and
plants, whereby the plant’s innate defences are
potentiated (Orzali et al, 2014). In addition,
soil amendments with chitosan were reported
to induce callose formation, proteinase inhibi-
tors and phytoalexin biosynthesis in many di-
cot plant species. This includes the modulation
of several enzyme activities, involved in detox-
ification processes as well as the increasing of
the activity of enzymes involved in plant de-
fense barriers (Mishra et al., 2014).

Table 6. Effect of chitosan on growth of brinjal seedling at different days after sowing

Treatments Root % in- Shoot % in- Fresh % in- Dry % in-
length crease length crease weight  creased weight crease
(cm) over T, (cm) over T; (g) over T; (2) over T;
10 days after sowing
T1 4.53b - 5.02a - 0.28 a - 0.032b -
T, 2.63c¢ - 397b - 0.10b - 0.015c -
T3 575a 118.63 545a 37.27 0.20a 100 0.034 ab 126.67
T, 575a 118.63 5.60a 41.11 0.24 a 140 0.040 a* 166.67
CV (%) 11.97 - 8.41 - 28.43 - 14.33 -
SE (%) 0.27 - 0.21 - 0.02 - 2.18 -
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... continued Table 6

Treatments Root % in- Shoot % in- Fresh % in- Dry % increase
length crease length crease weight creased weight over T,
(cm) over T; (cm) over T (g) over T, (g)

20 days after sowing
T1 6.65a - 7.50b - 0.66 c - 0.20c -
T2 510b - 6.52 ¢ - 0.50d - 0.06d -
Ts 7.32a 43.52 9.22 a 41.41 0.79 a 58 0.26a 333.33
Ty 7.07 a 38.63 8.72 a 33.74 0.74b 48 0.23b 283.33
CV (%) 9.05 - 7.14 - 3.37 - 7.05 -
SE (%) 0.29 - 0.28 - 0.01 - 6.80 -

30 days after sowing
T1 9.25a - 10.30 a - 0.86b - 0.41a -
T2 6.45b - 7.85b - 0.71c - 0.20b -
Ts 9.75a 51.16 10.50 a 33.76 1.01a 42.25 0.43a 115
Ty 9.10a 41.08 11.07 a 41.01 1.00a 40.84 0.42a 110
CV (%) 10.52 - 5.89 - 2.48 - 5.09 -
SE (%) 0.45 - 0.29 - 0.01 - 9.35 -

*Means within the same column having a common letter (s) do not differ significantly (P=0.05) by
LSD. Note: T1= Seed without any treatment (control-1), T,= Soil inoculation with pathogen (con-
trol-2), T3= T2+seed treatment with 1.0% chitosan, T4= T2+soil amendment with 1.0% chitosan

Figure 4. Seedling growth of brinjal with chitosan at 10 DAS (A), 20 DAS (B), and 30 DAS (C) in F.
oxysporum f. sp. melongenae inoculated condition

Effect of chitosan on plant height and num-
ber of branches of brinjal at different days af-
ter transplanting

To know the effect of chitosan on plant
height and number of branches of brinjal plant
in field condition, data were taken from four
plants for each replication of all treatments at
30, 45, and 60 DAT, respectively (Table 7). Ap-
plication of chitosan as seed treatment or soil

amendment increased the plant height and
number of branches of brinjal plant compared
to the pathogen inoculated condition. At 30
DAT, the highest value of plant height (17.09
cm) and number of branches (6.41) were ob-
served in T3 followed by T4, At 45 DAT, the high-
est value of plant height (27.16 cm) was rec-
orded in Tz followed by T4 and the highest
branch number per plant (9.00) was recorded
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in both Tz and Ts At 60 DAT, highest plant
height (48.50 cm) was found in T4 followed by
T3 and highest number of branches per plant
(10.25) was recorded in T3 followed by T4 T3
and T4 were statistically similar. The lowest
value of plant height (11.90 cm, 18.67 cm, 33.58
cm) and number of branches (4.50, 7.00, 7.33)
at 30, 45, 60 DAT, respectively were recorded

in T, where pathogen was inoculated in the
field. This results also correlated with Rehman
et al. (2014); Nitu et al. (2016); Akter et al.
(2018). Application of chitosan improves plant
growth, yield and induces synthesis of second-
ary metabolites such as polyphenolics, lignin,
phytoalexins as well as flavonoids in plants
(Xoca-Orozco, 2017).

Table 7. Effect of chitosan on plant height and number of branches of brinjal seedling at 30, 45,
and 60 days after transplanting in field condition

Treatments 30 DAT 45 DAT 60 DAT

Ty 14.27 ab 4.75b 19.25b 8.25a 34.67b 8.25 bc
T, 11.90b 450b 18.67 b 7.00b 33.58b 7.33¢c
T3 17.09 a 6.41a 27.16a 9.00a 46.91 a 10.25 a*
Ty 16.02 a 6.08 a 25.12a 9.00 a 48.50 a 9.33ab
CV (%) 13.03 8.57 5.37 6.95 3.83 8.10
SE (%) 1.13 0.26 0.69 0.33 0.90 0.58

*Means within the same column having a common letter (s) do not differ significantly (P=0.05) by
LSD. Note: T1= Seed without any treatment (control-1), T»= Soil inoculation with pathogen (con-
trol-2), Ts= T,+seed treatment with 1.0% chitosan, T4= T»+soil amendment with 1.0% chitosan.

Effect of chitosan on Fusarium wilt disease
incidence and percent disease index of
brinjal

Application of chitosan reduced disease in-
cidence (DI) and percent disease index (PDI) in
all treatments over pathogen treated plots. Sig-
nificantly the highest value of DI (45.54 %) and
PDI (25.40 %) were observed in Tz and the low-
estvalue of DI (14.25 %) and PDI (9.23 %) were
recorded in T3 followed by T4treatment (Table
8 and Figure 5).

Chitosan is often used in plant disease con-
trol as a powerful elicitor rather than a direct
antimicrobial or toxic agent (EI-Mohamedy et
al., 2013). It can effectively reduce DI and PDI

of anthracnose of chili and eggplant (Akter et
al, 2018; Jannat et al., 2018). Nitu et al. (2016)
reported that chitosan was effective in reduc-
ing southern blight and dry rot of tomato. Chi-
tosan as soil amendment was found to success-
fully decrease Fusarium wilt in several plant
species.

The disease severity was reduced by seed
treatment in sunflower and wheat (Orzali et al.,
2014). These evidences are in strong agree-
ment of current study and proved that either
seed treatment (T3) or soil amendment (T4)
with chitosan reduce disease severity and inci-
dence of Fusarium wilt of brinjal.

Table 8. Effect of chitosan on Fusarium wilt disease incidence and percent disease index of brinjal in

the field
Treatment DI (%) % reduction of DI PDI % reduction of PDI
over T, over T,
T1 17.75b - 17.55b -
T 45.54 a - 2540 a -
T3 14.25c 68.71 9.23 ¢ 63.66
T, 17.33b 61.94 10.67 ¢ 57.99
CV (%) 493 - 19.68 -
SE (%) 0.67 - 1.78 -
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*Means within the same column having a common letter (s) do not differ significantly (P=0.05) by
LSD. Note: T1= Seed without any treatment (control-1), T»= Soil inoculation with pathogen (con-
trol-2), Ts= T,+seed treatment with 1.0% chitosan, T4= T»+soil amendment with 1.0% chitosan.

Figure 5. Disease symptoms of Fusarium wilt of brinjal caused by F. oxysporum f. sp.
melongenae in field (A-B) and cross section of infected stem (C-D)

Effect of chitosan on yield and yield
contributing characters of brinjal

The yield contributing components were
significantly increased in all the treatments
over the treatment T, where pathogen was in-
oculated in the field (Table 9). Significantly the
highest number of fruits (84.89) per plant,
weight of per fruit (153.79 g) and yield (43.41
t/ha) were recorded in T4 treatment where soil
amendment was done with 1.0% chitosan fol-
lowed by T3 treatment where seed treatment
was done at same concentration. On the other
side significantly the lowest number of fruits
(52.08) per plant, weight of per fruit (114.92 g)
per plant and yield (19.91 t/ha) were found in

T, treatment where pathogen was inoculated
without chitosan.

The present study revealed that the appli-
cation of chitosan as seed treatment or soil
amendment increased yield of brinjal as com-
pared to pathogen inoculated plots, which is
supported by Nitu et al. (2016); Akter et al.
(2018); Jannat et al. (2018); Ahmed et al.
(2019) who studied the efficacy of chitosan in
enhancing yield of tomato and brinjal. Chitosan
prompts plant growth by influencing plant
physiological processes like nutrient uptake,
cell elongation, cell division, enzymatic activa-
tion and synthesis of protein that can eventu-
ally lead to increased yield.

Table 9. Effect of chitosan on yield and yield contributing characteristics of brinjal

Treatments No. of No. of Weight of  Weightof  Yield % increase
fruits/plot  fruits fruits per fruit (t/ha) yield
/plant (g/plot) (g) over T,

Tq 279.98 ¢ 69.98 b 8810 ¢ 126.06b 29.36 ¢ -

T, 208.27d 52.06 ¢ 5970d 114.92Db 19.90d -

T3 302.77b 73.50b 10997 b 148.16 a* 36.66b 84.22
T, 358.73 a 84.89 a 13023 a 153.79a 4341a 118.14
CV (%) 3.70 3.88 4.40 6.77 4.39 -

SE (%) 1.15 0.42 246.24 5.30 0.61 -

*Means within the same column having a common letter (s) do not differ significantly (P=0.05) by
LSD. Note: T1= Seed without any treatment (control-1), T,= Soil inoculation with pathogen (con-
trol-2), T3= T,+seed treatment with 1.0% chitosan, T4= T2+so0il amendment with 1.0% chitosan.

JAAB | Journal of Agriculture and Applied Biology

135 Volume 2 | Number 2 | December | 2021



Chaterjee et al, 2021 / Chitosan for suppression of fusarium wilt and plant growth promotion of brinjal

Conclusion

Based on the findings of this study, it could
be concluded that chitosan at 1.0% concentra-
tion was found to be effective against the viru-
lent isolate F-1 of F. oxysporum f. sp. melonge-
nae. Seed treatment or soil amendment with
same dose not only reduced seedling mortality,
disease incidence and severity but also in-
creased the germination percentage, seedling
growth and yield of brinjal. Farmers can adopt
chitosan @ 1.0% for plant growth promotion
and suppression of Fusarium wilt of brinjal as
ecofriendly and low-cost alternative to chemi-
cal pesticides.
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