EFFECT OF SOWING TIMES AND ORGANIC SOIL
AMENDMENTS ON FOOT AND ROOT ROT DISEASE OF
LENTIL CAUSED BY SCLEROTIUM ROLFSII

TONUSHRI SARKER

DEPARTMENT OF PLANT PATHOLOGY
SHER-E-BANGLA AGRICULTURAL UNIVERSITY
SHER-E-BANGLA NAGAR, DHAKA -1207, BANGLADESH

December, 2020



EFFECT OF SOWING TIMES AND ORGANIC SOIL
AMENDMENTS ON FOOT AND ROOT ROT DISEASE OF
LENTIL CAUSED BY SCLEROTIUM ROLFSII

BY
TONUSHRI SARKER
REGISTRATION NO. 18-09138

A Thesis
Submitted to the Faculty of Agriculture,
Sher-e-Bangla Agricultural University, Dhaka,
In Partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE
IN
PLANT PATHOLOGY
SEMESTER: July-December, 2020

Approved By:

Professor Abu Noman Farug Ahmmed Professor Dr. Md. Rafiqul Islam
Supervisor Co-Supervisor
Department of Plant Pathology Department of Plant Pathology
Sher-e-Bangla Agricultural University, Sher-e-Bangla Agricultural University,
Dhaka-1207 Dhaka-1207

Professor Dr. Fatema Begum
Chairman
Examination Committee
Department of Plant Pathology
Sher-e-Bangla Agricultural University, Dhaka-1207



DEPARTMENT OF PLANT PATHOLOGY

- Sher-e-Bangla Agricultural University
SRNTFR Sher-e-Bangla Nagar, Dhaka-1207

R
%{f{”ﬂuaGMULmML“;‘{‘?‘,@—‘-‘"‘

CERTIFICATE

This is to certify that the thesis entitled, “EFFECT OF SOWING TIMES
AND ORGANIC SOIL AMENDMENTS ON FOOT AND ROOT ROT
DISEASE OF LENTIL CAUSED BY SCLEROTIUM ROLFSII”
submitted to the Faculty of Agriculture, Sher-e-Bangla Agricultural
University, Dhaka, in partial fulfiliment of the requirements for the degree of
MASTER OF SCIENCE in PLANT PATHOLOGY, embodies the result of
a piece of bona fide research work carried out by TONUSHRI SARKER,
Registration No. 18-09138 under my supervision and guidance. No part of

the thesis has been submitted for any other degree or diploma.

| further certify that such help or source of information, as has been availed

of during the course of this investigation has duly been acknowledged.

Date: Professor Abu Noman Farug Ahmmed
Dhaka, Bangladesh Supervisor
Department of Plant Pathology
Sher-e-Bangla Agricultural University,
Dhaka-1207



‘@

DEDICATED TO MY
BELOVED PARENTS




ACKNOWLEDGEMENT

All praises to Almighty God whose boundless blessings enabled me to
successfully complete the research work and prepare this thesis. This research
would never have materialized without the contribution of many people to whom |
have the pleasure of expressing my appreciation and gratitude.

First and foremost, | would like to express my sincere and deepest gratefulness to
my honorable Supervisor Prof. Abu Noman Farug Ahmmed, Department of Plant
Pathology, Sher-e-Bangla Agricultural University Dhaka-1207, for his intellectual
advice, guidance, encouragement and regular discussion which were very valuable
and inspiring in the process of the proposal writing, research undertaking and
thesis accomplishment.

| express my heartfelt appreciation, deep sense of gratitude, immense indebtedness
and respect to the respected Co-supervisor Prof. Dr. Md. Rafiqul Islam,
Department of Plant Pathology, Sher-e-Bangla Agricultural university, for his
cordial help, scholastic advice, constructive criticism, valuable suggestions,
recurrent inspiration during the research work and preparation of the thesis.

I would like to express my respect and heartfelt gratitude to all the respected
teachers, and stuffs of the Department of Plant Pathology, Sher-e-Bangla
Agricultural University, Dhaka-1207, for their helpful advices, gentle co-
operation, support at the time of research work.

I would like to express my appreciation and cordial thanks to Bangladesh
Agricultural Research Institute, Gazipur, Dhaka for providing me the seeds.

| have no appropriate word to thank and express my immense indebtedness to my
respected parents for their heartiest blessings, sacrifice and encouragement
throughout the entire period of academic life.

Also, special thanks to Rakibul Hasan Nitol, Suraiya Akhter Rakhi, Kona Biswas
and Toma Khanam for their kind cooperation and support during the whole

research work period.

The Author



CONTENTS

CHAPTER TITLES PAGE NO.
ACKNOWLEDGEMENT !
LIST OF CONTENTS i
LIST OF TABLES i
LIST OF PLATES v
LIST OF FIGURES v
LIST OF SYMBOL AND vi
ABBREVIATIONS
ABSTRACT vii
1 INTRODUCTION 1-5
2 REVIEW OF LITERATURE 6-13
3 MATERIALS AND METHODS 14-33
4 RESULT AND DISCUSSION 34-62
5 SUMMERY AND CONCLUSION 63-67
6 REFERENCES 68-76
77-78

APPENDICES




LIST OF TABLES

TABLE TITLES PAGE
NO. NO.
1 Rate of fertilizers and manure applied in the field 25
and pot

2 Effect of different sowing times on incidence of 39
foot and root rot disease of lentil at different days
after inoculation (DAI)

3 Effect of different sowing times on growth 42
parameters of lentil

4 Effect of different sowing times on yield and 43
yield contributing characters of lentil

5 Effect of different organic soil amendments on 46
incidence of foot and root rot disease of lentil at
different days after inoculation (DAI) in pot

6 Effect of different organic soil amendments on 50
growth parameters of lentil in pot

7 Effect of different organic soil amendments on 52
yield and yield contributing characters of lentil in
pot experiment

8 Effect of different organic soil amendments on 54
incidence of foot and root rot disease of lentil at
different days after sowing (DAS) in field

9 Effect of different organic soil amendments on 57
growth parameters of lentil in field

10 Effect of different organic soil amendments on 59

yield and yield contributing characters of lentil in
field




LIST OF PLATES

PLATES TITLES PAGE
NO. NO.
1 Experimental layout of pot experiment 16
2 Preparation of pots 17
3 Mass culture of Sclerotium rolfsii on barley grain 20
4 Pot view of the experiment at the time of 22
counting disease incidence
5 Experimental layout of field experiment 25
6 Treatments for pot and field experiment 27
7 Seed sowing in the field 28
8 Field view of the experiment at the time of 30
counting disease incidence
9 Preparation of PDA (Potato Dextrose Agar) 31
Medium
10 Growing fungi in moist blotting paper 32
11 Growing fungi on Potato Dextrose Agar (PDA) 33
medium
12 Diseased plants 35
13 Growth of Sclerotium rolfsii at different days 36
after incubation (DAI)
14 Microscopic (compound) view of Sclerotium 37

rolfsii




LIST OF FIGURES

FIGURES TITLES PAGE
NO. NO.

1 Regression coefficient between disease incidence 60
(%) and total yield/pot (g) in case of different
sowing times

2 Regression coefficient between disease incidence 61
(%) and total yield/pot (g) in different organic
soil amendments in pot

3 Regression coefficient between disease incidence 62

(%) and total yield/m?(g) in different organic soil

amendments in field




LIST OF SYMBOL AND ABBREVIATIONS

ABBREVIATIONS FULL WORD
% Percentage
PDA
Potato Dextrose Agar
G Gram
°C Degree celcius
Psi Per square inch
Cm Centimeter
et al. and others (at ell)
CRD Complete Randomized Design
RCBD Randomized C(_)mplete Block
Design
DAI Days After Inoculation
DAS Days After Sowing
sp. Species
etc. Et cetera
Viz. Videlicet (namely)

vi




EFFECT OF SOWING TIMES AND ORGANIC SOIL
AMENDMENTS ON FOOT AND ROOT ROT DISEASE OF LENTIL
CAUSED BY SCLEROTIUM ROLFSII

ABSTRACT

In vitro and in vivo experiments were conducted to evaluate the effect of sowing
times and organic soil amendments for the management of foot and root rot of
lentil caused by Sclerotium rolfsii at Sher-e-Bangla Agricultural University,
Dhaka, Bangladesh during the period from October 2019 to March 2020. Six
different sowing times viz. 25 October, 5 November, 15 November, 25 November,
5 December and 15 December and nine organic soil amendments viz. poultry
refuse, mustard oil cake, neem oil cake, vermicompost, cowdung, trichocompost,
biochar, sawdust and ash were assessed against the disease. Susceptible variety
BARI Masur-1 was used in this experiment. In pot experiments, the lowest disease
incidence was recorded in seed sowing on 15 December (15.22%) at 60 days after
inoculation (DAI) where the highest disease incidence was recorded in seed
sowing on 25 October (49.67%) at same DAI. In case of soil amendment, the
lowest disease incidence was recorded in Trichocompost (8.96%) applied pot
where the highest incidence was in control (57.65%) pot at 60 DAI. In all cases,
growth parameters viz. germination (%), plant height (cm), no. of branch, vigor
index and other yield contributing characters were the highest in seed sowing on
15 December and in Trichocompost treated pot. In field experiment,
Trichocompost showed the best result with lowest disease incidence (11.11%) and
the highest yield (170.11 g/m?). However, the highest disease incidence (58.89%)
with the lowest yield (74.44 g/m?) were recorded in control plot. From the above
findings, pre-sowing soil application with Trichocompost with late seed sowing
after first week of December is recommended to manage foot and root rot of lentil

disease.
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CHAPTER 1

INTRODUCTION

Lentil (Lens culinaris) occupies a unique position in the world of
agriculture. It is one of the first agricultural crops grown more than 8500
years ago in the Middle East. Then, the cultivation and consumption of the
lentils have been widespread in developed and developing countries. Lentil
is also one of the oldest crops cultivated by humans and the most consumed
leguminous seeds in the world. The major lentil-producing countries are
India, Canada, Turkey, the United States, Nepal, Australia, Syria, China,
Bangladesh, and Iran. Worldwide 6,315,536 tons of lentil is produced per
year. Canada is the largest lentil producer in the world with 3,233,800 tons
production volume per year, India comes second with 1,055,536 tones yearly
production (Anonymous, 2021). Consumption of lentils with small grains
provides a balanced diet. It is a cheap source of protein for human beings
and also for animals in Bangladesh (Sattar et al., 1996). As the price of
animal protein is high so people used to solve the deficiency of protein by
consuming lentil and it also called “poor’s meat” in Bangladesh. It contains
25.78% of protein and 59% carbohydrate (Bakhsh et al., 1991). It also
contains several micronutrients such as Fe, Zn and B-carotene (Bhatty,
1998). Lentils are not only contained high amount of macronutrients, such as
protein, fatty acids, and carbohydrates, but also contain phytochemicals,
such as phenolic acids, flavonols, saponin, phytic acids, and condensed

tannin, which can be used as a source of antioxidant (Harlen et al., 2018).

In Bangladesh, pulses are important food crops that hold an area about 0.3

million ha (2.34% of the total cropped area) and contribute about 1.07% of
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the total grain production of the country (Ahmed, 1985). Here, mainly eight
pulses are grown yearly and widely, which are chickpea, lentil, mungbean,
black gram, lathyrus, field pea, cowpea and pigeon pea (Bakr, 1994).
Among all pulses lentil obtained a unique position due to its wide use and
common food item of the people of Bangladesh. Lentil is one of the oldest
crops cultivated in our country and is a familiar one to the farmers of
Bangladesh. Lentil is the second major pulse crop of Bangladesh in respect
of acreage and production. It is cultivated as sole and intercrops. Total
production of lentil in Bangladesh is about 168,837 metric tons (BBS, 2017).
The yield of lentil in our country is much lower than other countries like
Syria, Turkey, Canada, U.S.A, Ethiopia (Hossain et al., 1999).

In our country quality and quantity of lentil is low due to use of low quality
seed, poor response to high inputs, using disease susceptible variety, lack of
proper cultivation knowledge of rural farmers, unwilling to use modern
technologies, delay in sowing, susceptibility to disease etc. Rate of
production of lentil is decreased due to fungal, bacterial diseases. The most
dangerous enemy of lentil (Lens culinaris) plants are fungal diseases (BARI,
2005).

Lentil is affected by wide range of fungal diseases (Agarwal,1979). It suffers
from attack of a number seed and soil borne diseases such as vascular wilt,
collar rot, root rot, stem rot, rust, powdery mildew and downy mildew,
which are caused by Fusarium oxysporum f. sp. lentis, Sclerotium rolfsii,
Rhizoctonia solani, Uromycis fabae, Erysiphe polygoni and Peronospora

lentis, respectively (Singh and Tripathy, 1999).



Seventeen diseases were recorded on lentil of which foot and root rot caused
by Sclerotium rolfsii is considered as most common and destructive disease
of lentil in Bangladesh and also in almost all legume growing countries of
the world (Ahmed et al.,1985). The soil borne pathogens Fusarium
oxysporum and Sclerotium rolfsii commonly occur in the tropics and sub-
tropics of the world causing foot and root rot of many crops (Aycock, 1966).
This disease affects mainly the roots, leading to poor emergence of
seedlings, stunted growth of plants and reduced yields. Symptoms include
sunken lesions and brown or black discoloration on roots, shrinking root
system and root decay. Foot rot is a very destructive disease of lentil causing
tremendous crop loss. Bakr (1994) reported 84% loss in pulse due to
Sclerotium rolfsii. In Bangladesh, about 44% lentil plants are infected by
foot and root rot disease (Anonymous, 1986). Sometimes it can cause up to
100% mortality in case of foot and root rot and wilt of infected plants (Fakir,
1983). Due to various abiotic and biotic factors, especially the diseases that
cause 30-40% vyield loss in lentil (Begum, 2003). It causes seedling death at
early stage resulting very poor plant stand which ultimately produces very
low yield. Being soil borne pathogen, S. rolfsii is difficult to control. Wever
(1931) and Garret (1956) reported that the fungus survived in the soil for
years together by producing sclerotial bodies and causes the disease on
various hosts. The fungi can attack the plant in any time during seedling
stage to flowering but comparatively more destructive in seedling stage as

the vascular system is not well developed.

Management practices are difficult in case of foot and root rot of lentil as,
Sclerotium rolfsii is a soil borne pathogen. Even there is no effective

resistant variety or fungicide for the successfully management of this disease
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in the field. Several chemicals, cultural practice and bio-gent used to control
this disease. Various chemicals are used both in soil and seed treatments.
Provax 200 was the most effective followed by Bavistin 50 WP, Neem leaf
extract and Garlic extract with respect to disease reduction and increase of
seed yield (Rahman et al., 2012). Seed treated with Provax 200 showed least
foot and root rot incidence of lentil at Madaripur and Jessore in Bangladesh
(Anonymous, 2010). These devastating disease can be controlled through
various cultural practices like crop rotation (growing lentils only once in
four years), use of certified, disease-free seed will help to minimize the
disease etc. Bio-control agent like Trichoderma harzianum is reported to
have great effect against soil borne pathogen (Singh et al., 1997; Reddy et
al., 1998). Successful bio-control of S. rolfsii using Trichoderma spp. has
been reported by many researchers (Elad et al., 1980; Sreennivasaprasad and
Manibhushanrao, 1993; Dey et al., 2004). In general techniques which are
based on the molecular techniques like marker assisted selection to deploy
resistance has to be applied in the processes of creating resistant variety

development.

Timely sowing is an important factor. Too early or too late sowing of lentil
favors the pathogen that the maximum temperature, maximum relative
humidity and rainfall played an important role in the development of
diseases of (Piper betel L.) (Anonymous, 2006; Maiti and Sen, 1982).
Maximum growth of Sclerotium rolfsii is occurred at 30°C (Hari et al.,
1988).

The use of organic soil amendments is very promising to decrease the

incidence of plant diseases caused by soil borne pathogens. It is also an
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ecofriendly approach for controlling soil borne pathogen by developing
suppressive soil (Palti and Katan, 1997). Organic amendments, such as
animal and green manure (the incorporation of crop residues into the soil),
organic wastes, composts and peats, have been proposed to control diseases
caused by soil borne pathogens (Baker and Cook, 1974; Hoitink and Fahy,
1986).

Despite of the many contributions in chemical control, organic soil
amendments play a strong performance in combating certain destructive
plant diseases as it has no environmental hazards. Most of the cultivators
prefer to using chemical treatment which is very harmful to our
environment. Knowing the management practices to reduce the severity of
pathogen is very important for farmers as well as growers so that they can
choose the proper management strategies for getting higher yield in lentil

like crops.

Considering the above facts, the present research work was designed to

achieve the following objectives:

e To detect and identify the causal organisms of foot and root rot
disease of lentil

e To evaluate sowing time for management of foot and root rot disease
of lentil; and

e To determine the efficacy of organic soil amendments for the

management of foot and root rot disease of lentil.



CHAPTER 2

REVIEW OF LITERATURE

Foot and root rot disease of lentil is a common and mostly devastating
disease which is caused by Fusarium oxysporum and Sclerotium rolfsii. This
disease causes serious yield loss of the crop. Researchers all over the world
have carried out intensive investigation on the foot & root rot of lentil.
Literature in relation to management, disease incidence and yield loss
assessment of foot & root rot disease of lentil is reviewed and presented in

this chapter.

2.1 Foot and root rot disease of lentil

Bakr et al., (2007) reported that, 44.40% yield loss was occurred due to foot

and root rot of lentil.

According to Begum and Bhuiyan (2007), among various diseases of lentil,
foot and root rot is the important one. It may cause 100% morality of

seedlings in the field under monoculture and conducive weather conditions.

Abawi and Ludwig (2005) stated that, root diseases are generally most
severe where susceptible crops are grown in short cropping rotation, because
pathogen inoculum can build up quickly when environmental conditions are

conducive for disease development.

Ahmed (1980) stated that, Foot and root rot (Sclerotium rolfsii) is considered

as major problems for lentil cultivation in the country.



2.2 Symptoms of foot and root rot disease

Eliane (2017) stated that, root rot symptoms are a major threat because the
damage starts below the ground, where the first symptoms are not
discernible. When the symptoms become apparent on the above ground part

of the plant, yield is already compromised and plant survival is jeopardized.

Weidong, et al., (2011) reported that patches are found in the field in case of
foot and root rot disease of lentil. Top leaves in the plant may wilt and
droop. They can also shrink and curl without defoliating early. Some other
symptoms include yellowing, reduced root system with discoloration, poorly
developed nodules, and damage at the taproot tip. Seeds may rot, pre-

emergence damping off can occur, and the plant may die.

Begum (2003) stated that, foot and root rot disease may cause 100%

seedling mortality in field.

Bakr (1986) reported that, foot and root rot is mainly a seedling disease
attacking the crop usually up to 30 days of germination. The fungal stands
along with mustard seed like sclerotia are generally observed associated with
infected portion at soil level. He also explained that the tap roots are infected
and normal growth is arrested which may give stunted appearance and
finally causing wilting and dying of plants. It may also observe brown

discoloration involving pith and xylem.



2.3 Causal organism of foot and root rot disease

Sclerotium rolfsii was proved as highly pathogenic on pulse crops (Yaqub
and Shahzad, 2005).

Foot and root rot of plant is mainly caused by Sclerotium rolfsii. It can also

be caused by Fusarium oxysporum (Ahmed and Bakr, 1988).

Maiti and Sen (1984) reported that, sclerotia had 91% survival rate after 222

days in natural soil at 50% water holding capacity.

Katti et al., (1983) found that maximum survival rate of fungus at 30-50%

soil moisture and at temperature between 20-25°C.

Ahmed (1980) reported that, Sclerotium rolfsii is a facultative saprophyte

and can survive generation to generation by formation of brown sclerotia.

Punja et al., (1958a) reported that sclerotia of Sclerotium rolfsii is produced
in huge number on or adjacent to infected plant parts and can survive in soil
for 1-3 years. They are also capable to infecting and can be stable without

food base of organic matter.

Punja et al., (1958b) reported that the mycelial growth rate of Sclerotium
rolfsii was maximized under optimum temperature and moisture and range

was 1-3cm per day.



Treggi (1956) found that, Sclerotium rolfsii grew vigorously at temperature
between 30°C and 33°C.

2.4 Management of foot and root rot disease by cultural practices

Kumar et al., (2018) conducted an experiment on effect of sowing dates and
weather conditions on Rhizoctonia root rot disease incidence and green pod
yield of french bean in India, where he found that, maximum seed
germination (88.91%), lowest pre-emergence (11.02%) root rot was
recorded when the French bean crop was sown on 19" September. But lower
post emergence (14.59%) and maximum vyield (65.7g/ha) were recorded
when the crop was sown on 29" September. The crop sown on 19th October
and 29" October recorded average maximum pre- and post-emergence root
rot disease incidence to the extent of 21.84 percent and 23.25 percent,

respectively.

Alam et al., (2017) conducted an experiment in Bangladesh Agricultural
Research Institute, Bangladesh. The research work was carried out with a
view to evaluate lentil (Lens culinaris) varieties at different sowing dates
from October 25 to December 6 against Stemphylium botryosum in
Bangladesh during winter season of 2012-2013.Two lentil varieties viz.,
BARI Masur-1 and BARI Masur-7 were evaluated at seven different sowing
dates viz., October 25, November 1, November 8, November 15, November
22, November 29 and December 6. The highest disease incidence (72.50%)
was recorded from the plants grown from October 25 sowing which was
statistically identical to that of November 1 (63.5%), November 15 (62.17%)



and November 22 (62.17%). However, disease incidence was drastically
reduced at November 29 (42.17%) and December 6 (30.83%) sowings.

Ali et al., (2016), conducted at the research field of Agronomy Division,
BARI, Joydebpur, Gazipur and ARS, Burirhat, Rangpur, Bangladesh to
evaluate crop growth, yield and seed quality of garden pea in response to
temperature variation prevailed at different sowing dates viz. 10 November,
20 November, 30 November, 10 December, 20 December and 30 December.
Results revealed that November 20-30 would be optimum time of sowing of

garden pea for maximum yield and quality seed.

Ahmed and Bakr (1988) reported that, foot and root rot disease is reduced if

the previous cultivated crop residue was removed from the field.

Fakir (1983) evaluated the effect of sowing time on collar rot of lentil and
chickpea. The experiment was carried out at the BAU farm during
1979/1980. Six different sowing times were evaluated. The maximum
disease was recorded in chickpea in 26 October sowing and minimum

disease was recorded on 25 December.

2.5 Management of foot and root rot disease by using organic soil

amendments

Faruk (2020) conducted an experiment in the field of Plant Pathology
Division, Bangladesh Agricultural Research Institute, Gazipur during 2013-
14, 2014-15 and 2015-16 cropping years. The formulated Trichoderma

harzianum (Tricho-compost for soil amendment and spore suspension for
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seed treatment) and organic soil amendment poultry refuse either singly or in
combination with chemical fungicide Provax 200 WP were tested against
soil-borne pathogens, Sclerotium rolfsii and Fusarium oxysporum f. sp.
ciceri of chickpea causing foot and root rot and wilt diseases. From this
study it was revealed that soil amendment with Tricho-compost or
integration poultry refuse with seed treatment by Provax 200 WP performed
as the best treatments in reducing seedling disease and increasing plant
growth and yield of chickpea which were significantly differed from the
other treatments including control. Soil amendment with poultry manure
alone showed best performance against the disease and seed treatments with
chemical fungicide Provax 200 WP and Trichoderma spores suspension
which effect at per. All of the treatments reduced seedling mortality and

increased plant growth and yield of chickpea.

Faruk (2018) conducted an experiment about the efficacy of formulated
Trichoderma harzianum-based Tricho-compost, seed treatment with Tricho-
inocula, and chemical fungicide Provax 200 WP against foot and root rot
diseases of wheat caused by Sclerotium rolfsii which was tested in the pot
house and in the research field of Plant Pathology Division, Bangladesh
Agricultural Research Institute, Gazipur, Bangladesh. Tricho-compost was
prepared with a mixed substrate of cow dung, rice bran, and poultry refuse
colonized by T. harzianum. Seedling mortality of wheat was significantly
reduced by the Tricho-compost, Tricho-inocula, and Provax 200 WP both in
the pot house as well as in the field experiments. The yield of wheat was
sharply increased over the control due to the T. harzianum formulations and
Provax 200 WP. Among the treatments, soil application of Tricho-compost

was more efficient in reducing seedling mortality and accelerating plant
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growth with an increased yield of wheat with S. rolfsii-inoculated pot

cultures and field experiments.

Khalequzzaman (2016) conducted an experiment at the sick plot, Pulses
Research Centre, Ishurdi, Pabna, Bangladesh during 2011-12 to find out the
effect of chemical, botanicals, biocontrol agents & healthy seeds against foot
& root rot of lentil. The lowest foot & root rot (21.67%) was obtained from
seed treatment with Provax 200 (2.5 g/kg seed) followed by seed treatment
with Trichoderma harzianum compost (1:5) and apparently healthy seeds,
while the highest incidence (41.5%) was obtained from untreated control.
The highest number of pod/plant (45.26), number of seeds/plant (87.80),
weight of 100 seeds/ plant (2.44 g) and yield (1845 kg/ha) were recorded in
case of seed treatment with Provax 200 (2.5 g/kg seed) which were followed
by seed treatment with Trichoderma harzianum compost (1:5) and

apparently healthy seeds.

Mollah (2012) conducted an experiment in the experimental field of Plant
Pathology Division, Regional Agricultural Research Station, Bangladesh
Agricultural Research Institute, Rahamatpur, Barisal to determine the
resistance source against foot and root rot disease of lentil and to develop
integrated management package in controlling the disease. 25 lentil lines
with two check varieties were evaluated in the experiment. Among 25 lines
only two lines namely BD-3916 (38.17%) and BD-3920 (33.85%) showed
moderately resistant performance. He also reported that among the
management options, straw burning + poultry refuse + Provax 200 seed

treatment showed the best performance in respect of yield and yield
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contributing characteristics followed by poultry refuse + Provax 200 in

controlling foot and root rot disease of lentil.

Ahamed et al., (2012) conducted field trials in a farmer’s field in Talagang
(Chakwal) Punjab, Pakistan in 2009 to evaluate the effect of manuring on
root rot disease caused by Fusarium solani. The experiment was comprised
seven treatments viz. (i) Control (no amendment and no inoculation); (ii) F.
solani (FS)-inoculated control; (iii) poultry manure + FS; (iv) farmyard
manure + FS; (v) cattle manure + FS; (vi) Brassica campestris straw + FS;
(vii) Cicer ariantum straw + FS. In the Fusarium inoculated control, disease
incidence and plant mortality was 85% and 22.2%, respectively whereas,
disease incidence and plant mortality were both 0% in non inoculated
control. All the manuring treatments reduced the disease to variable extent
and influenced agronomic characters of groundnut. Poultry manure was the

most effective in disease management followed by cattle manure.
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CHAPTER 3

MATERIALS AND METHODS

The methods followed and materials used in the present research work were
stated in this chapter. The experimental site, weather, land preparation,
experimental design, layout, inoculation and data collection were included in

the chapter.

3.1 Experimental site

The field experiment was conducted in field of Central Farm of Sher-e-
Bangla Agricultural University, Dhaka, Bangladesh. The location for the
experimentation site was 23°75N latitude and 90°35E longitude with an
elevation of 8.3 meter from sea level. The pot experiment was conducted in
the Net House of the Department of Plant Pathology, Sher-e-Bangla
Agricultural University, Dhaka-1207, Bangladesh.

3.2 Experimental period

The pot and field experiments were conducted in Rabi (winter) season. Pot
experiment was conducted from October 2019 to March 2020. Field
experiment was conducted from December 2019 to March 2020. Laboratory

research was done from July 2019 to May 2020.

3.3 Weather

The experiment was conducted in winter season (Rabi) of Bangladesh. The
monthly mean for daily maximum, minimum and average temperature,
relative humidity (RH%) and monthly total rainfall received at the

experimental field during the period of the experiment had been collected
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from Bangladesh Meteorological Department, Agargaon, Dhaka (appendix

).

3.4 Planting materials/Test materials

The lentil variety BARI Masur-1 (Utfala) released from Bangladesh
Agricultural Research Institute, Joydebpur, Gazipur was used for the
experiment. Seeds were collected from Pulse Wing, Bangladesh Agricultural
Research Institute, Joydebpur, Gazipur, Bangladesh. This variety 1is

susceptible to foot and root rot disease of lentil.

3.5 Experiments

Both pot and field experiments were conducted.

a. Pot experiments

Pot experiments were conducted in net house under control condition. Two

experiments were conducted in net house viz.

Experiment 1: In vitro evaluation of sowing times on foot and root rot
disease of lentil

Experiment 2: In vitro evaluation of organic soil amendments on foot and

root rot disease of lentil
b. Field experiment

Experiment 3: In vivo evaluation of organic soil amendments against foot

and root rot disease of lentil
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3.6 Pot experiments
3.6.1 Soil collection
Good tilth soil was used for the experiment and the soil was collected from
the experimental field of Sher-e-Bangla Agricultural University, Dhaka. The

soil collection was done on 10 October, 2019.

3.6.2 Soil solarization
Solarization was done to s the soil. After removing the debris from the soil,

soil was kept under the direct sunlight for 10 days.

3.6.3 Experimental layout and design
The pot experiments were carried out in Completely Randomized Design
(CRD) with three replications.

e

Plate 1. Experimental layout of pot experiment
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3.6.4 Preparation of pots
Solarized soils were put in the plastic pot of 12inches height and 10inches
width (Plate 5). In the bottom of the pot 2 cm hole was made to minimize the
losses of excess water. Each pot was filled with 2/3™ of solarized soil and the
pots were arranged according to experimental design. Pot preparation was
done on 14 October, 2019.

Plate 2. Preparation of pots

3.6.5 Treatments
For Experiment 1, seeds were sown in different dates to evaluate the sowing
times of lentil to manage foot and root rot disease.

The following six treatments were used in the experiment:
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T1 = Seed sowing at 25 October
T, = Seed sowing at 5 November
Tz = Seed sowing at 15 November
T4 = Seed sowing at 25 November
Ts = Seed sowing at 5 December

Tes = Seed sowing at 15 December

For Experiment 2, the following ten treatments were used:
To = Control

T1 = Poultry refuse @ 500gm/pot
T2 = Mustard Oil cake @ 100gm/pot
Tz = Neem oil cake @ 50gm/pot

T4 = Vermicompost @ 100gm/pot
Ts = Cowdung @ 500gm/pot

Te = Trichocompost @ 100gm/pot
T7= Biochar @ 100gm/pot

Tg = Sawdust @ 150gm/pot

To = Ash @ 150gm/pot

3.6.6 Collection of treatments

Organic soil amendments poultry refuge, cowdung and ash were collected

from Sher e Bangla Agricultural University campus. Mustard oil cake, neem

oil cake and vermicompost were collected from local nursery. Saw dust was

collected from saw mill. Trichocompost was collected from Ispahani Agro

Ltd. Biochar was collected from Cristian Commission for Development in

Bangladesh (CCDB), Manikganj.
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3.6.7 Application of treatments

For Experiment 1, sowing times were used as treatments and for Experiment
2 organic soil amendments were applied to the pot soil 20 days before seed
sowing. After 20 days, soil amendments were decomposed and mixed with

soil properly and soil was prepared for cultivation.

3.6.8 Seed sowing

In pot experiments, seeds were sown in plastic planting pot (12"). Fifty seeds
were sown in each pot. The seeds were sown after 10 days of soil
solarization. Seed sowing was done on various dates in case of Experiment 1

and for Experiment 2 seeds were sown on 17 December, 2019.

3.6.9 Intercultural operation

In each pot intercultural operations like irrigation, weeding etc. were done
properly.

Here, very first irrigation was done immediately after seed sowing. After,

germination irrigation was done several times. Weeding was done properly.

3.6.10 Inoculum preparation

In pot experiments, Sclerotium rolfsii the causal organism of foot and root
rot disease of lentil was isolated and made pure culture for the infected plant
of lentil. Here inoculum was prepared through mass culture. The isolates of
S. rolfsii was multiplied on barley grains (Gupta and Kolte,1982). In this
procedure barley grains were soaked in water containing 2% sucrose
solution for overnight, removed the excess solution. These grains were

placed in 500ml conical flask @ 20g and autoclaved at 121.6°C temperature,
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under 15 psi pressure for 15minutes. The conical flasks were allowed to
cool at room temperature and were inoculated with 5mm discs culture of

Sclerotium rolfsii grown on PDA. Seven discs per flask was added and

flasks were placed at room temperature for three months.
T ‘

Plate 3. Mass culture of Sclerotium rolfsii on barley grain

3.6.11 Artificial inoculation

At seedling stage (15 DAS), isolates of causal pathogen (sclerotium rolfsii)
were inoculated in the collar region of plants and adjacent soil. The plants
were prepared for inoculation by removing surrounding soil of plant with
2cm depth. A tea spoon of inoculum was added to the soil and covered with
removed soil for infection. Irrigation was done after inoculation to keep

moist conditions.
3.6.12 Tagging of plants

Randomly 3 plants were selected from each pot tagged for data collection.

Mean values were determined to get rating score of each treatment.
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3.6.13 Data collection

The data were collected on the following parameters in pot experiments:
1. Germination (%)

Plant Height (cm)

No. of branch

No. of pod

Length of pod (cm)

No. of seed/pod

Shoot length (cm)

Root length (cm)

© 0o N o g Bk~ W N

Vigor Index

10. Seed yield/pot (gm)
11. Seed yield/ plot (gm)
12. Seed yield/ plant (gm)
13. Seed yield/ m? (gm)

14. Disease incidence (%)

3.6.14 Procedure of data collection

a. Disease incidence

The plants under observation were keenly observed to investigate the typical
symptoms and sign of the disease. The plant showing typical symptoms by
the pathogenic infection were confirmed as diseased plant. In pot
experiment, total number of diseased plant recorded at 10 DAI, 20 DAI, 30
DAI, 60 DAI. Disease incidence was calculated by the number of proportion

of the plant units diseased in relation to the total number of unit examined
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(Agrios, 2005). Disease incidence was calculated by using the following

formula:

Number of infected plants

bi Incid 0L — X 100
isease Incidence (%) = g of inspected plants

Plate 4. Pot view of the experiment at the time of counting disease
incidence

b. Germination (%)

The germinated seeds were counted. Germination percentage was calculated
by using the following formula (ISTA, 2010):

Number of germinated seeds

o x 100
ermination (%) Total number of seeds

c. Vigor Index

30 days after sowing (DAS), 3 plants of each pot was randomly selected and
root length and shoot length was measured by using centimeter scale. The
average number was used. Then vigor index was calculated as suggested by
Abdul-Baki and Anderson (1973):
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Vigor Index = (RL+SL) x GP
Where, RL is root length (cm), SL is shoot length (cm) and GP is

germination percentage.

d. Plant height
Plant height was measured by using centimeter scale at 30 DAS, 60 DAS,
105 DAS in pot. Here 10 plants were randomly selected for calculating final

plant height.

e. No. of branch/plant
Unbiased 10 plants were taken from pots and plots and counted the no. of
branch of each plant at 30, 60 and 105 days after sowing (DAS). The

average number was used as final branch no. per plant.

f. Harvesting of crops

Plants were harvested when it showed 80% to 90% maturity based on straw
color, pod filling, pod color, water content per plant etc. At maturity total
plants per plot and pot were harvested and tagged based on plot identity.
Total 18 pots of experiment-1 and 30 pots of experiment-2 were separately

harvested for data collection.
g. No. of pods/plant

After harvesting, plants were collected from different plots to count the

number of pods/ plant through visual counting.
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h. Yield (g per pot)
In pot experiments, yield was counted by weighing total harvested grains per

plot and pot. The yield was measured in gram for final data calculation.

3.6.15 Statistical analysis

The collected data was statistically analyzed by Statistics 10 computer
package program. Analysis of variance (ANOVA) was used to find out the
variation of result from experimental treatments. Treatment means were

compared by least significant difference test (LSD).

3.7 Field experiment

3.7.1 Soil type

The experimental site was in the sub-tropical zone. The soil of experimental
area belongs to the agro-ecological regions of “Madhupur Tract”. The top
soil of the region is clay loam in texture and olive gray with common fine to
medium distinct black yellow brown mottles. The pH of the soil was 4.47 to

5.55 and organic carbon contents is 0.82 (Appendix I).

3.7.2 Soil preparation
Crop residue, large clods, rocks were removed from the soil. Ploughing was
done for two times and laddering was done for one time. Finally leveled the

surface of the soil in the field.

3.7.3 Experimental layout and design
The field experiment was conducted in Randomized Complete Block Design

(RCBD) with three replications. The total land area was divided into 3
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blocks and each containing ten (10) plots of 2m x 1.5m size, providing 30

plots. Here seeds were sown in five rows per unit plot and the row to row

distance was kept 35 cm. 20g seeds were sown continuously in lines in the

experimental plots. The seeds were planted at about 4 cm depth in the soil.

Pttt ity

Plate 5. Experimental layout of field experiment

3.7.4 Application of manures and fertilizers

Manures and fertilizers were mixed with the soil thoroughly by following
the recommended dose (Krishi Projukti Hatboi, 2015).

Table 1. Rate of fertilizers and manure applied in the field and pot

Fertilizers and manure

Recommended dose (kg/ha)

Urea 40-45
TSP 80-90
MoP 30-40
ZnSo4 5
Boric acid 7.5
Cowdung 5000
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3.7.5 Treatments

In the field experiment, the following ten treatments were used same as pot
experiment-2 with different quantity
To = Control

T1 = Poultry refuse @ 1.5 kg/plot
T, = Mustard oil cake @ 0.3 kg/plot
Tz = Neem oil cake @ 0.15 kg/plot
T4 =Vermicompost @ 0.3 kg/plot
Ts = Cowdung @ 1.5 kg/plot

Te = Trichocompost @ 0.3 kg/plot
T7=Biochar @ 0.3 kg/plot

Tg = Sawdust @ 0.45 kg/plot

To = Ash @ 0.45 kg/plot

3.7.6 Collection of treatments

Treatments were collected same as 3.6.6

3.7.7 Application of treatments
Organic soil amendments were applied to the pot soil 20 days before of seed
sowing same as 3.6.7. After 20 days, soil amendments were decomposed and

mixed with soil properly and soil was prepared for cultivation.
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Sawdust

Trichocompost

At

Mustard oil cake

T

Plate 6. Treatments for pot and field experiment
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3.7.8 Seed sowing
20g seeds were sown continuously in lines in each experimental plots (3m?).
The seeds were planted at about 4 cm depth in the soil. The seeds were sown

on 17 December, 2019.

Plate 7. Seed sowing in the field

3.7.9 Intercultural operation
In each plot and pot intercultural operations like irrigation, weeding,

thinning etc. were done properly.

a. Irrigation
Here, very first irrigation was done immediately after seed sowing. After,
germination irrigation was done several times at 7 days interval through

sprinkler. Proper drainage system was maintained both in field and pot.

b. Thinning
Thinning was done after 15 days of sowing and at this time proper distance

was maintained.
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c. Weeding
After 20 days of sowing first weeding was done and another weeding was

done 35 days of sowing.

3.7.10 Tagging of plants
Randomly 10 plants were selected from each plot tagged for data collection.

Mean values were determined to get rating score of each treatment.

3.7.11 Data Collection
Same data was collected as pot experiment (3.6.13) except germination (%)

and vigor index.

3.7.12 Procedure of data collection

Same procedure was followed as pot experiment (3.6.14).

Disease incidence was calculated by selecting 30 plants randomly and
disease was recorded at 10, 20, 30 and 60 days after sowing (DAS). Disease
incidence was calculated by the number of proportion of the plant units
diseased in relation to the total number of unit examined (Agrios, 2005).

Disease incidence was calculated by using the following formula:

_ _ Number of infected plants
Disease Incidence (%) = . x 100
Number of inspected plants
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Plate 8. Field view of the experiment at the time of counting disease
incidence

3.7.13 Statistical analysis

The collected data was statistically analyzed by Statistics 10 computer
package program. Analysis of variance (ANOVA) was used to find out the
variation of result from experimental treatments. Treatment means were
compared by least significant difference test (LSD) same as pot experiment
(3.6.15).

3.8 Isolation and identification of causal organism

3.8.1 Sample collection

Diseased plants showing typical symptoms were collected from research
field. Then the samples were carried to the central laboratory of Sher-e-
Bangla Agricultural University, Dhaka to examine the visual symptoms and

isolation of causal organism (s).

3.8.2 Isolation of causal organism (s) by Tissue Plating Method
Infected plant showing typical disease symptoms were cut into small pieces,

washed thoroughly in running water. Some samples were surface sterilized
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with 70% Ethanol for 30 seconds. Then 1% sodium hypochlorite (NaOCI)
for 30 seconds and washed three times in sterile distilled water each for
1min. Some samples were sterilized with 37.5% chlorox for 30 seconds
washed three times in sterile distilled water each for 1 min. The surface
sterilized roots were placed on Blotter paper and Potato Dextrose Agar
(PDA) medium and incubated at 25+2°C for 6-7 days. Mycelial growth from
each developing colony were re cultured on PDA to get pure culture. The
causal organism was isolated, identified and recorded. The pathogen was

identified from all infected samples. (Agrios, 2005)

Plate 9. Preparation of PDA (Potato Dextrose Agar) Medium

3.8.3 Identification of causal organism

Identification of causal organism was done by the following methods:

3.8.3.1 Identification by Symptomological Study (Visual Assessment)

In this study, the development of symptoms was closely observed to confirm
disease. The diseased plants were closely and carefully examined by
magnifying glass to observe the disease symptoms development, sign of the

pathogen, source of infection, mode of dissemination and favorable
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environment. Idea about causal organism was taken from those information
(Bakr, 1986; Punja et al., 1985; Singh, 1982; Ahmed,1980).

3.8.3.2 ldentification by Growing on Blotter Paper (Incubation
Method)

The diseased roots were cut into pieces and surface sterilized with 70%
Ethanol for 30 seconds. Then the sodium hypochlorite (NaOCI) for 30
seconds and washed three times in sterile distilled water each for 1 min.
Then the cut pieces were incubated at room temperature for seven days.
When the fungus grew well mycelium and sclerotia were observed by visual
observation. The identification of the causal organism was done with the
help of relevant literature (Bakr, 1986; Punja et al., 1985; Singh, 1982;
Ahmed,1980).

Plate 10. Growing fungi in moist blotting paper
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3.8.3.3 Identification by Growing on Culture Medium (Tissue Plating
Method)

Infected roots were cut into small pieces and some samples were surface
sterilized with 70% Ethanol for 30 seconds. Then 1% sodium hypochlorite
(NaOCI) for 30 seconds and washed three times in sterile distilled water
each for 1min. Some samples were sterilized with 37.5% chlorox for 30
seconds washed three times in sterile distilled water each for 1 min. The
surface sterilized roots were placed on Potato Dextrose Agar (PDA) medium
in petridish (Mehrota and Aggarwal, 2003). The plates containing root
pieces were incubated at room temperature for three days. When the fungus
grew well, the organism was re-cultured by mycelium or sclerotia to obtain
pure culture. The identification of the causal organism was done with the
help of relevant literature (Bakr, 1986; Punja et al., 1985; Singh, 1982;
Ahmed,1980).

Plate 11. Growing fungi on Potato Dextrose Agar (PDA) medium
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CHAPTER 4

RESULT AND DISCUSSION

Among the different disease of lentil, foot and root rot caused by sclerotium
rolfsii is one of the major and severe soil borne disease responsible for high
yield losses. The present study on effect of sowing times and organic soil
amendments were carried out during rabi season, 2019-2020. The

experimental results are presented hereunder.

4.1 Symptoms of foot and root rot disease of lentil

Symptoms of foot and root rot was found from seedling stage to pre
flowering stage of lentil plant. The mycelial growth of the fungi was found
at the collar zone to root zone of lentil plant. The fungal mycelium along
with mustard seed like sclerotia were observed associated with infected
portion at soil level. The normal growth was arrested which was given a
stunted appearance of plant. Plant showed brown discoloration and finally
caused wilting and dying of infected plants. Bakr (1986) also found that,
foot and root rot is mainly occurred during the seedling stage. The fungal
stands along with mustard seed like sclerotia are generally observed
associated with infected portion at soil level. He also explained that the tap
roots are infected and normal growth is arrested which may give stunted

appearance and finally causing wilting and dying of plants.
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Plate 12. Diseased plants

4.2 ldentification of causal organism

After well growth of causal organism on Potato Dextrose Agar (PDA)
medium, the organism was re-cultured by mycelium or sclerotia to obtain
pure culture. It was observed that, mycelial growth of causal organism was
formed from second days after incubation (DAI) and it took a week to fill
the whole petri dish with mycelium of Sclerotium rolfsii. Mustard seed like
sclerotia was formed in the pure culture of causal organism within the two
weeks of incubation. Ahmed (1980) found that Sclerotium rolfsii is a
facultative saprophyte and can survive generation to generation by formation
of brown sclerotia. Punja et al., (1958) found that the mycelial growth rate

of Sclerotium rolfsii was maximized under optimum temperature.
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2 DAI 3 DAI

5 DAI 7 DAI

14 DAI

Plate 13. Growth of Sclerotium rolfsii at different days after
incubation (DAI)
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Under compound microscope, mycelial growth was found but no

perpendicular formation was observed in the slide.

Plate 14. Microscopic (compound) view of Sclerotium rolfsii

Pot Experiments

4.3 Experiment 1: In vitro evaluation of sowing times against foot and

root rot disease of lentil

4.3.1 Effect of different sowing times on disease incidence (%) of foot
and root rot disease of lentil at different days after inoculation in

pot

Disease incidence at different days after inoculation (DAI) during growth
period had been recorded on the basis of visible typical symptoms. Six
different sowing times were compared with each other for disease incidence
recorded at 10 DAI, 20 DAI, 30 DAI and 60 DAI (Table 2).
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At 10 DAI the lowest (7.60%) disease incidence was recorded from
treatment Te (15 December), whereas treatment Ty (25 October) showed the
highest disease incidence (41.44%), followed by T, (29.36%), T3 (21.36%),
T4(18.36%) and Ts (14.53%).

At 20 DAI similiar results were found where the lowest disease incidence
was recorded in Ts (9.91%) and the highest disease incidence (45.50%) was

recorded in Ti.

At 30 DA, the disease incidence was counted where the lowest incidence of
disease was also recorded from Tes (12.69%) and the highest disease

incidence was recorded in Ty (48.56%)
At 60 DAI, the final disease incidence was counted where the lowest

incidence of disease was also recorded from Te (15.22%) and the highest

disease incidence was recorded in T1 (49.67%).
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Table 2: Effect of different sowing times on incidence of foot and root

rot disease of lentil at different days after inoculation (DAI)

Treatment Disease Incidence (%)

10 DAI 20 DAI 30DAI 60 DAI
T1 (25 Oct.) 41.44 a 45,50 a 48.56 a 49.67 a
T2 (05 Nov.) 29.36 b 30.27 b 36.44 b 40.21b
T3 (15 Nov.) 21.36 C 24.45 ¢ 30.85¢ 32.97¢c
T4(25 Nov.) 18.36 cd 22.04 ¢ 23.55d 25.73d
Ts (05 Dec.) 14.53d 15.38d 22.18d 25.62d
Te (15 Dec.) 7.60 e 991e 12.69 e 15.22 e

CV (%) 11.46 7.59 8.09 7.57

LSD (0.05) 4.5 3.32 4.18 4.24

Means followed by the same letters in a column did not differ at 5% level of

significance by LSD.

4.3.2 Effect of different sowing time on different growth parameters of

lentil in pot experiment

Effects of different sowing times had been compared on the basis of
different growth parameters viz. germination (%), plant height (cm), No. of

branch, root length (cm), shoot length (cm) and vigor index.
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a. Seed germination (%)

The highest seed germination was recorded on Te (75.55%), followed by Ts
(72.77%), T4 (65.00 %). However, the lowest seed germination was recorded
on T1 (52%), preceded by T (54.08%) and Tz (60.54%) (Table 3).

b. Plant height (cm)

Plant height at different days after sowing during growth period had been
recorded. Six different sowing times were compared with each other for
plant height was recorded at 30, 60 and 105 days after sowing (DAS) (Table
3).

At 30 DAS the highest (17.66 cm) plant height was recorded from treatment
Te (15 December), whereas treatment T: (25 October) showed the lowest
plant height (12.86 cm), preceded by treatment T, (14.93 cm), T3 (15.05 cm),
T4(15.05 cm) and Ts (15.49 cm). At 60 DAS the same of results were found
where the highest plant height was recorded in Ts (17.76 cm) and the lowest
plant height was recorded in T1 (16.22 cm). At 105 DAS, the highest plant
height was also recorded from Te (21.92 cm) and the lowest plant height was
recorded in T1(16.76 cm).

c. No. of branch/plant

At 30 DAS the highest (5.89) no. of branch/plant was recorded from
treatment Te (15 December), whereas treatment T1 (25 October) showed the
lowest branch no. (5.11), preceded by treatment T» (5.53) and T3 (5.66). At
60 DAS the highest branch no. was recorded in Ts (6.55) and the lowest
plant height was recorded in T2 (5.66). At 105 DAS, the highest plant height
was recorded from Ts (7.33) and the lowest plant height was recorded in T

(6.66).
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d. Root length (cm)

The highest root length was recorded on Ts (6.90 cm), followed by Ts (6.56
cm), T4 (6.23 cm). However, the lowest root length was recorded on T; (3.50
cm), preceded by T (3.66 cm) and T3 (4.43 cm) (Table 3).

e. Shoot length (cm)

The highest shoot length was recorded on Ts (17.58 cm), followed by Ts
(15.49 cm), T4 (15.05 cm). However, the lowest shoot length was recorded
on T1 (12.86 cm), preceded by T, (14.93 cm) and T3 (15.05 cm) (Table 3).

f. Vigor index

The highest vigor index was recorded on Te (1416.9), followed by Ts
(1335.5), T4 (1197.8). However, the lowest vigor index was recorded on T;
(1008), preceded by T» (1145.7) and T3 (1182.1) (Table 3).
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Table 3: Effect of different sowing times on growth parameters of lentil

Plant height (cm)

No. of branch/plant

Treatments | Germinat Root Shoot Vigor
ion (%) 30 60 105 30 60 105 | length | length | Index
DAS DAS DAS DAS DAS | DAS (cm) (cm)
T1(250ct.) | 52.00c | 12.86d | 16.22c | 16.76d | 5.11b | 589ab | 6.66a | 3.5d | 12.86c | 1008.0c
T2(5 Nov.) 54.08c | 1493 c | 16.60bc | 18.78c | 5.53ab | 5.66b | 6.99a | 3.66d | 1493 b | 11457 Db
T3(15Nov.) | 60.54Db | 15.05bc | 16.65bc | 19.72c | 5.66ab | 6.1ab | 6.87a | 4.43c | 15.05b | 1182.1Db
T4(25Nov.) | 65.00b | 15.05bc | 16.88b | 20.83b | 5.66ab | 6.11ab | 6.87a | 6.23b | 15.05b | 1197.8b
Ts (5 Dec.) 72.77a | 1549Db | 17.58a |21.10ab | 5.66ab | 6.44a | 7.00a | 6.56ab | 1549b | 13355a
Te(15Dec.) | 7555a | 17.66a | 17.76a | 21.92a | 5.89a | 6.55a | 7.33a | 6.90a | 17.58a | 14169 a
CV (%) 4.13 1.94 2.12 2.71 7.35 6.51 6.58 2.22 4.31 4.80
LSD (0.05) 4.64 0.52 0.63 0.95 0.73 0.71 0.81 0.40 0.59 103.79

Means followed by the same letters in a column did not differ at 5% level of significance by LSD.
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4.3.3 Effect of different sowing times on yield and yield contributing

characters of lentil

Effect of different sowing times had been compared on the basis of yield and
yield contributing characters of lentil viz. no. of pods per plant, yield/ plant

(gm) and yield/pot (gm).

Table 4: Effect of different sowing times on yield and yield contributing

characters of lentil

Treatments No. of pods/plant | Yield/plant Yield/pot
(9) (9)
T1(25 Oct.) 555d 0.22d 1143 e
T2(5 Nov.) 10.44 ¢ 0.30c 13.03d
T3 (15 Nov.) 14.33b 0.50 b 16.80 c
T4 (25 Nov.) 14.33 b 0.50b 16.96 bc
Ts (5 Dec.) 14.33 b 051b 17.80 ab
Te (15 Dec.) 16.44 a 0.56 a 18.63 a
CV (%) 4.99 5.00 3.30
LSD (0.05) 1.11 0.04 0.92

Means followed by the same letters in a column did not differ at 5% level of
significance by LSD.

a. No. of pods/plant

The highest pods no. per plant (16.44) was recorded on Te (15 December),
followed by Ts (14.33). However, the lowest pods no. per plant (5.55) was
recorded on T1 (25 October), preceded by T2 (10.44) and T3 (14.33) (Table
4).

43



b. Yield/plant (g)

The highest yield/plant was recorded on Te (0.56 g), followed by Ts (0.51
gm), T3 (0.50 g) and T4 (0.50 g), T2 (0.30 g). The lowest yield/plant was
recorded on T1 (0.22 g) (Table 4).

c. Yield/pot (g)

The highest yield/pot was recorded on Ts (18.63g), followed by Ts(17.80 g),
T4 (16.96 g). However, the lowest yield was recorded on T: (11.43 g),
preceded by T» (13.03 g) and Tz (16.80 g). (Table 4). Here, Ts (5 December)

showed statistically similar result with Te (15 December).

The efficacy of sowing date on Rhizoctonia root rot disease incidence and
green pod yield of french bean was reported earlier by Kumar et al. (2018).
Where, maximum seed germination (88.91%), lowest pre-emergence
(11.02%) root rot was recorded when the French bean crop was sown on 19"
September. But lower post emergence (14.59%) and maximum yield
(65.7g/ha) were recorded when the crop was sown on 29" September.
According to Alam et al. (2017), the highest disease incidence (72.50%) was
recorded from the plants grown from October 25 sowing but disease
incidence was drastically reduced at November 29 (42.17%) and December
6 (30.83%) sowings. Maximum vyield and quality seed in garden pea were
found when seeds were sown on November 20-30 reported by Ali et al.,
(2016). The maximum disease was recorded in chickpea in 26 October

sowing and minimum disease was recorded on 25 December (Fakir, 1983).
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4.4 Experiment 2: In vitro evaluation of organic soil amendments

against foot and root rot disease of lentil

4.4.1 Effect of different organic soil amendments on disease incidence
(%) of foot and root rot disease of lentil at different days after

inoculation in pot

Disease incidence at different days after inoculation during growth period
had been recorded on the basis of visible typical symptoms. Nine different
treatments with control were compared with each other for disease incidence
recorded at 10, 20, 30, 60 days after inoculation (DAI) (Table 5).

At 10 DAI the lowest (6.71%) disease incidence was recorded from
treatment Te (Trichocompost), whereas treatment To (Control) showed the
highest disease incidence (44.26%), followed by treatment To (28.08%), T1
(27.02%), Tz (25.22%), T. (24.28%), Ts (20.98%), T4 (7.31%), Ts (7.09%)
and T7 (6.99%).

At 20 DAI the same of results were found where the lowest disease
incidence was recorded in T (7.42%) and the highest disease incidence was
recorded in To (52.59%).

At 30 DA, the disease incidence was counted where the lowest incidence of

disease was also recorded from Ts (7.69%) and the highest disease incidence
was recorded in To (53.57%).
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Table 5: Effect of different organic soil amendments on incidence of foot

and root rot disease of lentil at different days after inoculation

(DAI) in pot
Treatments Disease Incidence (%)

10 DAI 20 DAI 30DAI 60 DAI
To (Control) 44.26 a 52.59 a 53.57 a 57.65 a
T1 (Poultry refuse) 27.02 b 27.02 b 27.02 b 28.58 bc
T2 (Mustard oil cake) | 24.28 ¢ 26.22 b 26.22 b 26.22 C
T3 (Neem oil cake) 25.22 bc 26.54 b 2747 Db 28.12 ¢
T4 (Vermicompost) 73le 8.15d 9.73d 12.19 e
Ts (Cowdung) 7.09¢e 7.85d 8.99d 10.13 ef
Te (Trichocompost) 6.71e 7.42d 7.69d 8.96 f
T7 (Biochar) 6.99 e 7.72d 8.86 d 9.29 ef
Tg (Sawdust) 20.98d 21.93¢c 23.03¢c 23.03d
To (Ash) 28.08 b 28.08 b 29.11b 31.65b
CV (%) 8.90 7.27 7.69 7.66
LSD (0.05) 3.00 2.64 2.90 3.07

Means followed by the same letters in a column did not differ at 5% level of

significance by LSD.

At 60 DAI, the final disease incidence was counted where the lowest
incidence of disease was also recorded from Te (8.96%) where, Ts
(Cowdung) and T (Biochar) showed statistically similar results with Te
(Trichocompost) and the highest disease incidence was recorded in To
(57.65%).

46




4.4.2 Effect of different organic soil amendments on different growth

parameters of lentil

Effects of different organic soil amendments had been compared on the basis
of different growth parameters viz. germination (%), plant height (cm), No.

of branch, root length (cm), shoot length (cm), vigor index.

a. Seed germination (%o)

The highest seed germination was recorded on Ts (74.44%), followed by T
(73%), Ts (70.22 %), T4 (68.33%), Ts (56.43%). However, the lowest seed
germination was recorded on To (49.44%), preceded by To (50.54%), T:
(51.66 %), T3 (52.78%) and T2 (54.41%). (Table 6).

b. Plant height (cm)

Plant height at different days after sowing during growth period had been
recorded. Ten different treatments were compared with each other for plant
height was recorded at 30, 60 and 105 days after sowing (DAS). (Table 6).

At 30 DAS the highest (18.17 cm) plant height was recorded from treatment
Te (Trichocompost), followed by T7 (18.05 cm), Ts (17.66 cm). whereas
treatment To (Control) showed the lowest plant height (16.25 cm), preceded
by treatment To (16.33 cm), T1 (17.14 cm), Tz (17.27 cm), T2 (17.44 cm), Tg
(17.48 cm) and T4 (17.49 cm).

At 60 DAS the same of results were found where the highest plant height
was recorded in Te (21.27 cm) and the lowest plant height was recorded in
To(17.88 cm).
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At 105 DAS, the highest plant height was also recorded from Tg (22.67 cm)

and the lowest plant height was recorded in To(19.16 cm).

c. No. of branch/plant

At 30 DAS the highest (4.00) no. of branch was recorded from treatment Te
(Trichocompost), followed by T+ (3.89), Ts (3.65). whereas treatment To
(Control) showed the lowest branch no. (1.00).

At 60 DAS the same of results were found where the highest branch no. was

recorded in Te (4.66) and the lowest branch no. was recorded in Ty (1.33).

At 105 DAS, the highest branch no. was also recorded from Ts (5.33) and

the lowest branch no. was recorded in To (1.55).

d. Shoot length (cm)

The highest shoot length (18.17 cm) was recorded on Te (Trichocompost),
followed by T7 (18.04 cm), Ts (17.66 cm). whereas treatment To (Control)
showed the lowest shoot length (16.22 cm), preceded by treatment T (16.33
cm), T4 (17.15 cm), Ty (17.27 cm), T3 (17.44 cm), T2 (17.48 cm) and Ts
(17.49 cm) (Table 6).

e. Root length (cm)

The highest root length (6.50 cm) was recorded on Te (Trichocompost),
followed by T7 (6.30 cm), Ts (6.00 cm). However, treatment To (Control)
showed the lowest root length (4.46 cm), preceded by treatment To (4.50
cm), T1 (4.50 cm), T2 and T3 (5.33 cm), Ts (5.66 cm) and T4 (5.76 cm)
(Table 6).
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f. Vigor index

The highest vigor index (1782.9) was recorded on Te (Trichocompost),
followed by T+ (1696.4), Ts (1606.1), T4 (1598.0), Ts (1276.2). Whereas
treatment To (Control) showed the lowest vigor index (1076.8), preceded by
treatment To (1119.3), T1 (1153.4), T5(1190.5) and T> (1240.1) (Table 6).
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Table 6: Effect of different organic soil amendments on growth parameters of lentil in pot

Treatments Germina Plant height (cm) No. of branch/plant Shoot Root Vigor
tion (%) length | length index
30 60 105 30 60 105 (cm) (cm)
DAS DAS DAS DAS | DAS | DAS
To (Control) 49.44f | 16.25d| 17.88c | 19.16d| 1.00e | 1.33e| 155f | 16.22d | 4.46d | 1076.8f
T1 (Poultry refuse) 51.66ef | 17.14c | 20.44ab| 21.16 b | 2.67d | 3.32c| 4.00d | 17.27c | 450d | 1153.4 d-f
T (Mustard oil cake)| 54.41de | 17.44bc| 20.22b | 21.50ab| 3.00cd| 3.44c| 4.22cd| 17.48bc| 533c | 1240.1cd
T3 (Neem oil cake) | 52.78 d-f| 17.27c | 19.94b | 20.66 bc| 2.78d | 3.44c| 4.00d | 17.44bc| 5.33c | 1190.5c-e
T4(Vermicompost) 68.33¢c | 17.49 bc| 20.27 ab| 21.16 b | 3.33 bc| 3.89b|4.33b-d| 17.15c | 5.76 bc| 1598.0b
Ts (Cowdung) 70.22 bc |17.66 a-c| 20.44 ab| 21.50 ab| 3.65ab| 4.33a| 4.78 b | 17.66 a-c| 6.00 a-c| 1606.1 b
Te(Trichocompost) 7444a | 18.17a| 21.27a | 2267a| 400a | 466a| 533a | 1817a | 6.50a | 17829a
T7 (Biochar) 73.00ab | 18.05ab| 20.88 ab| 21.67ab| 3.89a | 4.33a| 4.66bc| 18.04ab | 6.30ac| 1696.4 ab
Tg (Sawdust) 56.43d | 17.48 bc| 20.28 ab| 21.00b | 3.11 cd|3.67 bc| 4.67 bc| 17.49bc | 5.66 bc| 1276.2c
To (Ash) 5054 ef | 16.33d| 17.87c|19.50cd| 1.22e | 1.89d| 2.22e | 16.33d | 450d | 1119.3 ef
CV (%) 3.84 2.09 3.00 3.53 10.65 | 7.13 | 7.19 2.07 7.49 4.49
LSD (0.05) 3.93 0.61 1.01 1.26 051 | 041 | 0.48 0.61 0.69 104.95

Means followed by the same letters in a column did not differ at 5% level of significance by LSD.
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4.4.3 Effect of different organic soil amendments on yield and yield

contributing characters of lentil in pot

Effect of different organic soil amendments had been compared on the basis
of yield and yield contributing characters of lentil viz. no. of pods per plant,

yield/ plant (gm), yield/pot (gm).

a. No. of pods/plant

The highest no. of pods/plant (19.44) was recorded on Te (Trichocompost),
followed by T7 (18.77), Ts (18.00). Whereas treatment To (Control) showed
the lowest pod no./plant (5.55), preceded by treatment Ty (8.66), T1 (11.22),
Tsand Tg(12.77), T2 (13.78) and T4 (15.55). (Table 7)

b. Yield/plant (g)

The highest seed yield/plant was recorded on Te (0.66g) followed by T~
(0.65 g), T5(0.62 g). The lowest seed yield/plant was recorded on Ty (0.22 g)
preceded by treatment Ty (0.36 g), T1 (0.32 g), Ts (0.46 g), T3 (0.47 g), T2
(0.48 g) and T4 (0.54 g). (Table 7)

c. Yield/pot (g)

The highest seed yield/ pot (20.16 g) was recorded on Te (Trichocompost)
where, there was no statistically difference with T; (Biochar). whereas
treatment To (Control) showed the lowest seed yield (8.33 g), preceded by
treatment To (10 g), T1 (12.13 g), T3(13.16 g), T2 (13.80 g), Ts (15.03 g) and
T4 (16.83 g). (Table 7)
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Table 7: Effect of different organic soil amendments on yield and yield

contributing characters of lentil in pot experiment

Treatments No. of pods/plant | Yield/plant (g) Yield/pot (g)
To (control) 555h 0.22¢g 8.33 h
T1 (poultry refuse) 11.22 f 0.32f 12.13 f
T, (Mustard oil cake) 13.78 d 0.48d 13.80 e
T3 (Neem oil cake) 12.77 e 0.47d 13.16 ef
T4 (Vermicompost) 15.55¢c 054 c 16.83 c
Ts (cowdung) 18.00 b 0.62b 18.93 b
Te (Trichocompost) 19.44 a 0.66 a 20.16 a
T7 (Biochar) 18.77 ab 0.65 ab 19.96 ab
Tg (Sawdust) 12.77 e 0.46d 15.03 d
To (Ash) 8.66 ¢ 0.36 e 10.00 g
CV(%) 3.15 3.74 4.64
LSD (0.05) 0.81 0.03 1.17

Means followed by the same letters in a column did not differ at 5% level of

significance by LSD.

Faruk (2020) found that, soil amendment with Tricho-compost or integration
poultry performed as the best treatments in reducing seedling disease and
increasing plant growth and yield of chickpea. The efficacy of manuring on
root rot disease on groundnut caused by Fusarium solani was reported by
Ahamed et al. (2012) where Poultry manure was the most effective in

disease management followed by cattle manure.
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Field experiment

4.5 Experiment 3: In vivo evaluation of organic soil amendments against

foot and root rot disease of lentil
4.5.1 Effect of different organic soil amendments on disease incidence
(%) of foot and root rot disease of lentil at different days after

sowing

Disease incidence at different days after sowing during growth period had
been recorded on the basis of visible typical symptoms. Nine different
treatments with control were compared with each other for disease incidence
recorded at 10, 20, 30, 60 days after sowing (DAS) (Table 8).

At 10 DAS the lowest (5.55%) disease incidence was recorded from
treatment Te (Trichocompost), here T4 (Vermicompost), Ts (Cowdung) and
T7 (Biochar) showed statistically similar results with Te (Trichocompost).
However, treatment To (Control) showed the highest disease incidence
(44.44%).

At 20 DAS the same trend of results were found where the lowest disease
incidence was recorded in T (7.78%) and the highest disease incidence was
recorded in To (46.66%).

At 30 DAS, the disease incidence was counted where the lowest incidence of

disease was also recorded from T (8.89%) and the highest disease incidence
was recorded from T (52.22%).
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At 60 DAS, disease incidence was counted where the lowest incidence of
disease was also recorded from Tes (11.11%) and the highest disease

incidence was recorded in To (58.89%).

Table 8: Effect of different organic soil amendments on incidence of foot

and root rot disease of lentil at different days after sowing

(DAS) in field
Disease Incidence (%)

Treatments 10DAS | 20DAS | 30DAS | 60DAS
To (control) 44.44 a 46.66 a 52.22 a 58.89 a
T1 (poultry refuse) 25.55b 28.89 bc 32.22 bc 34.44 e
T, (Mustard oil cake) 20.00c 25.55 cd 27.78 de 31.11 cd
T3 (Neem oil cake) 23.33 bc 26.66 30.00 cd 32.22 bc
T4 (Vermicompost) 8.89d 13.33 e 15.55 f 17.78 e
Ts (cowdung) 8.89d 11.11 ef 13.33f 15.55 ef
Ts (Trichocompost) 5.55d 7.78 f 8.89 ¢ 11.11f
T7 (Biochar) 7.77d 11.11 ef 12.22 fg 14.44 ef
Tg (Sawdust) 20.00 c 22.22 d 2444 ¢ 27.78 d
To (Ash) 26.66 b 31.11b 34.44 b 35.55b
CV(%) 15.35 9.77 9.11 8.26
LSD (0.05) 5.03 3.76 3.92 3.95

Means followed by the same letters in a column did not differ at 5% level of

significance by LSD.
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4.5.2 Effect of different organic soil amendments on different growth

parameters of lentil in field

Effects of different organic soil amendments had been compared on the basis

of different growth parameters viz. plant height (cm), No. of branch.

a. Plant height (cm)

Plant height at different days after sowing during growth period had been
recorded. Ten different treatments were compared with each other for plant
height which was recorded at 30, 60 and 105 days after sowing (DAS).
(Table 9).

At 30 DAS the highest (18.33 cm) plant height was recorded from treatment
Te (Trichocompost), followed by T7 (18 cm) and Ts (17.89 cm). whereas
treatment To (Control) showed the lowest plant height (13.82 cm), preceded
by treatment Ty (15.60 cm), Te (16.16 cm), T3z (16.44 cm), T2 (16.94 cm), Ts
(17.55 cm) and T4 (17.66 cm).

At 60 DAS the same trend of results were found where the highest plant
height was recorded in Ts (35.66 cm) and the lowest plant height was

recorded in To(28.78 cm).

At 105 DAS, the highest plant height was also recorded from Te (37.00 cm)

and the lowest plant height was recorded in To (30.33 cm).
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b. No. of branch/plant

At 30 DAS the highest (3.22) no. of branch was recorded from treatment Te
(Trichocompost), followed by T- (3.11), Ts (5.78). whereas treatment To
(Control) showed the lowest branch no. (2.22) (Table 9).

At 60 DAS the same trend of results were found where the highest branch
no. was recorded in Te (6.11) and Ts (6.11) and the lowest branch no. was

recorded in Ty (4.55).

At 105 DAS, the highest branch no. was also recorded from Te (6.44) and

the lowest branch no. was recorded in To (4.89).
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Table 9: Effect of different organic soil amendments on growth

parameters of lentil in field

Plant height (cm)

No. of branch/plant

Treatments

30 60 105 30 60 105

DAS DAS DAS DAS | DAS | DAS
To (Control) 13.82e | 28.78e | 30.33f | 2.22¢e | 455d | 4.89¢
T1 (Poultry refuse) 15.60d |[31.22cd| 31.66ef | 278 cd | 5.22¢c | 5.44d
T (Mustard oil cake) | 16.94 bc | 31.72c¢ | 33.27d |3.00 b-d|5.55bc| 5.89 ¢
T3 (Neem oil cake) 16.44 cd | 31.87c | 32.33de | 2.78cd | 5.22c | 6.00 bc
T4 (Vermicompost) 17.66 ab | 34.44 ab | 35.10 bc | 3.00 b-d|5.66 a-c| 6.00 bc
Ts (Cowdung) 17.89a | 34.88a | 35.50ab| 5.78a | 6.11a | 6.33ab
Te (Trichocompost) 18.33a | 35.66a | 37.00a | 3.22b | 6.11a | 6.44a
T7 (Biochar) 18.00a | 35.11a |36.50ab|3.11bc |5.77 ab| 6.33 ab
Ts (Sawdust) 17.55 ab | 32.44 bc | 33.83 ¢d | 3.00 b-d |5.66 a-c| 6.00 bc
To (Ash) 16.16 cd | 29.05de | 30.33f | 2.66d | 4.66d | 5.00¢e

CV (%) 2.90 3.94 2.62 6.88 4.88 3.71

LSD (0.05) 0.83 2.19 1.50 0.37 0.45 0.36

Means followed by the same letters in a column did not differ at 5% level of

significance by LSD.
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4.5.3 Effect of different organic soil amendments on yield and yield

contributing characters of lentil in field

Effect of different organic soil amendments had been compared on the basis
of yield and yield contributing characters of lentil viz. no. of pods per plant,

yield/pot (gm), yield/m? (gm).

a. No. of pods/plant

The highest no. of pods/plant (38.66) was recorded on Te (Trichocompost),
followed by T7 (37.77), Ts (34.55). whereas treatment To (Control) showed
the lowest pods no./plant (20.77), preceded by treatment Ty (27.44), T1 (30),
T3(31), T2(31.89), Ts (32.11) and T4 (34.11) (Table 10).

b. Yield/plot (g)

The highest yield/ plot (510.32 g) was recorded on Te (Trichocompost),
followed by T7 (499.67 g) and Ts(480.92 g). whereas treatment To (Control)
showed the lowest yield (223.33 g), preceded by treatment To (265.60 g), T1
(294.33 g), T3 (325.58 g), T. (333.75 @), Ts (385.75 g) and T4 (400.33 Q)
(Table 10).

c. Yield/m?(g)

The highest yield/m? (170.11 g) was recorded on Tg (Trichocompost),
followed by T7 (166.55 g) and Ts (160.30 g). whereas treatment To (Control)
showed the lowest yield (74.44 g), preceded by treatment Ty (88.53 @), T:
(98.11 g), T3 (108.53 g), T2 (111.25 g), Ts (128.58 g) and T4 (133.44 Q)
(Table 10).
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Table 10: Effect of different organic soil amendments on yield and yield

contributing characters of lentil in field

Treatments No. of pods/plant | Yield/plot (g) Yield/m? (g)
To (Control) 20.77 f 223.33 ¢ 74.44 g
T1 (Poultry refuse) 30.00d 294.33 ¢ 98.11¢e
T, (Mustard oil cake) 31.89 cd 333.75d 111.25d
T3 (Neem oil cake) 31.00d 325.58 d 108.53 d
T4 (Vermicompost) 34.11 bc 400.33 ¢ 133.44 c
Ts (Cowdung) 3455b 480.92 b 160.30 b
Te (Trichocompost) 38.66 a 510.32 a 170.11 a
T+ (Biochar) 37.77 a 499.67 ab 166.55 ab
Tg (Sawdust) 32.11 cd 385.75¢ 128.58 c
To (Ash) 27.44 ¢ 265.60 f 88.53 f
CV (%) 4.12 4.44 4.43
LSD (0.05) 2.24 28.30 9.43

Means followed by the same letters in a column did not differ at 5% level of
significance by LSD.

Soil application of Tricho-compost was more efficient in reducing seedling
mortality and accelerating plant growth with an increased yield of wheat with
S. rolfsii-inoculated pot cultures and field experiments (Faruk, 2018). Mollah
(2012) reported that straw burning + poultry refuse + Provax 200 showed the
best performance in respect of yield and yield contributing characteristics
followed by poultry refuse + Provax 200 in controlling foot and root rot

disease of lentil.

59



4.6 Regression Study

4.6.1 Regression coefficient between disease incidence (%) and yield/pot
(g) of lentil in different sowing times in pot experiment

The linear regression analysis found negative relationship between total
yield/pot (g) with percent disease incidence. However, total yield response
to the intensity of the percent diseased incidence can be determined by the
regression equation Y = -0.2248x + 22.87 (R?=0.9106). The fitted line plot
showed the regression results graphically with equation between the
dependent variable of total yield/pot (g) and independent variable of percent
disease incidence. The equation indicates that total yield decreases at the rate
of -0.2248 (g) with an increases of one unit of percent diseased incidence.
The R? value of 0.9106 indicates that total yield/pot (g) can be explained as
91% by the respective function.

25

y = -0.2248x + 22.87

é . R2=0.9106
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Disease Incidence(%o)

Yield/pot(g)

o

Figure 1: Regression coefficient between disease incidence and total
yield/pot in case of different sowing times
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4.6.2 Regression coefficient between disease incidence (%) and yield
/pot (g) of lentil under evaluation of organic soil amendments in
pot

The linear regression analysis found negative relationship between total
yield/pot (gm) with percent disease incidence. However, total yield response
to the intensity of the percent diseased incidence can be determined by the
regression equation Y = -0.2558x + 20.866 (R?=0.8625). The fitted line plot
showed the regression results graphically with equation between the
dependent variable of total yield/pot (g) and independent variable of percent
disease incidence. The equation indicates that total yield/pot (g) decreases at
the rate of -0.2558 (g) with an increases of one unit of percent diseased
incidence. The R? value of 0.8625 indicates that total yield can be explained

as 86% by the respective function.
25
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Figure 2: Regression coefficient between disease incidence and total
yield/pot in different organic soil amendments in pot
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4.6.3 Regression coefficient between percent disease incidence (%) and
yield/m? (g) of lentil under evaluation of organic soil amendments
in field

The linear regression analysis found negative relationship between total
yield/m? (g) with percent disease incidence. However, total yield response to
the intensity of the percent diseased incidence can be determined by the
regression equation Y = -2.1981x + 185.28 (R?=0.8609). The fitted line plot
showed the regression results graphically with equation between the
dependent variable of total yield/m? (g) and independent variable of percent
disease incidence. The equation indicates that total yield/ m? (g) decreases at
the rate of -2.1981 (g) with an increases of one unit of percent diseased
incidence. The R? value of 0.8609 indicates that total yield/ m? (g) can be

explained as 86% by the respective function.

180
160

y =-2.1981x + 185.28
R2=0.8609
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Yield/m2(g)
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Figure 3: Regression coefficient between disease incidence and yield/m?
in different organic soil amendments in field
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CHAPTER 5

SUMMARY AND CONCLUSION

Lentil (Lens culinaris) is a major and important pulse crops in the world. In
Bangladesh lentil occupies a unique position as food crops. It is the second
major pulse crop in Bangladesh. Lentil contains large amount of protein as
well as other micronutrients. But production of lentil is low due to various
diseases. Foot and root rot disease caused by Sclerotium rolsii is one of the
major problems causing yield loss. Proper management practices should be
developed to control foot and rot disease of lentil. The experiments were
conducted to evaluate sowing times and organic soil amendments against

foot and root rot disease of lentil.

In this study, pot experiments were conducted at the net house and field
experiment was conducted in the Central Farm of Sher-e-Bangla
Agricultural University, Dhaka-1207, during October 2019 to March 2020.
Lentil variety BARI Masur-1 was assessed against the disease. Pot
experiments were followed by CRD and the field experiment was followed
by RCBD with three replications. Two pot experiments were conducted to
evaluate the sowing time and organic soil amendments against foot and root
rot disease of lentil. Here six different sowing times 25 Oct., 5 Nov.,15
Nov., 25 Nov., 5 Dec. and 15 Dec. and nine organic soil amendments
(poultry refuse, mustard oil cake, neem oil cake, vermicompost, cowdung,
trichocompost, biochar, sawdust and ash) with control were used. In field
experiments, same organic soil amendments were used. Investigation was

carried out to find out the effect of different sowing times and various
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organic soil amendments on foot and root rot disease caused by Sclerotium

rolfsii.

In experiment 1, the effect of six different sowing times was significant in
controlling foot and root rot disease of lentil. Sowing time on 15 December
followed by 5 December was found to be the best in management of disease
incidence (%) of foot and root rot of lentil, where other sowing time showed
lower performance.

At 60 days of inoculation (DAI) the lowest disease incidence (15.22%) was
recorded on 15 December whereas the highest disease incidence (49.67%)
was recorded on 25 October sowing. Highest germination percentage was
recorded by the sowing time on 15 December (75.55%) and the lowest
germination percentage was recorded by the sowing time on 25 October
sowing (52%).

At 105 DAS, the highest plant height was also recorded from Te (21.92 cm)
and the lowest plant height was recorded in T1 (16.76 cm). At 105 DAS, the
highest branch no./plant was also recorded from 15 December (7.33) and the
lowest branch no. was recorded on 25 October (6.66). Shoot length, root
length and vigor index was recorded highest on 15 December and these were
17.58 cm, 6.90 cm and 1416.9 respectively; and the lowest data was
recorded sowing on 25 October, 12.86¢cm, 3.50 cm and 1008 respectively.
When seeds were sown on 15 December the highest pod number (16.44) was
recorded and lowest number was recorded on 25 October (5.55). Sowing
time on 15 December provided high yield/pot (18.63g) than others and
yield/pot was lowest at sowing time on 25 October (11.43g).
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In this experiment, when seeds were sown on 15 December it showed the
best result considering disease incidence, growth parameters and yield

contributing characters of lentil against foot and root rot disease of lentil.

In experiment 2, the effect of the nine different organic soil amendments
were significant in controlling disease of foot and root rot of lentil. Soil
treatment with Trichocompost followed by treatment with biochar was found
to be the best in controlling disease incidence of foot and root rot of lentil,
where other organic soil amendments showed lower performance.

Number of pods/ plant, yield / plot/pot, plant height was significantly
affected by different organic soil amendments at some extent. Among the
treatments Trichocompost was found to be effective in increasing number of

pods/ plant, yield/ pot, plant height of lentil plant.

At 60 DAL, disease incidence was counted where control showed the highest
incidence of disease (57.65%) and the lowest disease incidence was recorded
from Trichocompost (8.96%). The highest seed germination was recorded on
Trichocompost (74.44%), the lowest seed germination was recorded on
control treatment (49.44%).

At 105 DAS, the highest plant height was also recorded from Trichocompost
(22.67 cm) and the lowest plant height was recorded in control (19.16 cm).

The highest branch no./plant was recorded on Trichocompost and lowest one
was recorded on control at 30, 60 and 105 days after sowing (DAS). At 105
DAS highest branch no./plant was recorded on Trichocompost (5.33) and the
lowest data was recorded on control (1.55). Shoot length, root length and

vigor index was recorded highest on Trichocompost and these were 18.17
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cm, 6.50 cm and 1782.9 respectively; and the lowest data was recorded on
control, 16.22cm, 4.46 cm and 1076.8 respectively. Trichocompost showed
the highest pods number/plant (19.44) and lowest number was recorded on
control (5.55). Highest yield/pot (20.16 g) was recorded in Trichocompost

and yield/pot was lowest in control treatment (8.33g).

The findings of the experiment have clearly pointed out that among all the
organic soil amendments, Trichocompost showed the best result in

controlling foot and root rot disease with increasing the yield of lentil.

In experiment 3, nine different organic soil amendments were effected

significantly against foot and root rot disease of lentil.

At 60 DAS, disease incidence was counted where Trichocompost showed
the lowest incidence of disease (11.11%) and the highest disease incidence

was recorded from control (58.89%).

At 105 DAS, the highest plant height was also recorded from Trichocompost
(37 cm) and the lowest plant height was recorded in control (30.33 cm).
Branch number per plant was recorded whereas Trichocompost showed the
highest number (6.44) and control (4.89) showed the lowest number of
branch at 105 DAS.

The highest pods number/plant was counted from the plot which was treated
with Trichocompost (38.66) and the lowest was counted from control
(20.77). Highest yield/plot was recorded in case of Trichocompost (510.32
g) and the lowest yield/plot was recorded in control (223.33 g). Highest
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yield/m? was recorded in case of Trichocompost (170.11g) and the lowest

yield/ m? was recorded in control (74.44 gm).

Here it was found that, Trichocompost showed best result in controlling foot
and root rot of lentil. Trichocompost performed best also in case of growth

parameters and yield contributing characters.

The findings of the experiments have clearly pointed out that among the
different sowing times, seed sowing on 15 December appeared to be the best
to escape foot and root rot disease of lentil in Bangladesh. For soil
application of organic soil amendments, Trichocompost showed the best
result in controlling foot and root rot disease with increasing the yield of
lentil. Thus, the lentil growers are suggested to sow the lentil seeds on 15
December and use Trichocompost as organic soil amendments during
plowing to manage foot and root rot disease of lentil caused by Sclerotium
rolfsii, However, further investigations may be carried out to clarify and

justify the results.

Considering the findings of the present experiment, further studies in the
following areas may be suggested:
e This experiment may be conducted in different agro-ecological zones
(AEZ) of Bangladesh for regional trial before final recommendation.
e Further experiments are suggested with combination of sowing times

and organic soil amendments.

67



CHAPTER 6

REFERENCES

Abawi, G. S. and Ludwig, J. W. (2005). Effect of the crop rotations with and
without deep plowing on the root rot severity and yield of beans.

Annu. Rep. Bean Improv. Coop. 48: 118-1109.

Abdul-Baki, A. A. and Anderson, J. D. (1973). Vigor determination in
soybean seed by multiple criterial. Crop Science. 13(6):630.

Agarwal, S. C., Khare, M. V. and Jain, A. C. (1979). Diseases of lentil and
their control. Technical Bulletin. Jawaharlal Nehru Krishi Viswa

Vidyalaya, Jabalpur, Madhya Pradesh, India. p. 29.

Agrios, G. N. (2005). Plant Pathology, 5" Edition, Elsevier Academic Press,
Burlington, Mass. pp. 952.

Ahamed, S., Zaman, N. and Khan, S. N. (2012). Evaluation of manuring
practices on root rot disease and agronomic characters of Arachis
hypogeae L. African J. Biotech. 11(5): 1119-1122.

Ahmed, F. (1980). Control of foot and root rot disease of wheat. M.S. thesis,

Department of Plant Pathology, Bangladesh Agricultural University
(BAU), Mymensingh, Bangladesh.

68



Ahmed, H. U., Shahjahan, A. K. M. and Rahman, M. M. (1985). A
comparison of screening methods on the basis of the reactions of rice
varieties to seedling blight. Bangladesh. J. Bot. 14(1):56-61.

Ahmed, F. and Bakr, M. A. (1988). Yield loss assessment of chickpea due to
collar rot diseases. Biennial conference of Bangladesh
Phytopathological Society, Dec. 8-9, Bangladesh Agricultural
University, Mymensingh, Bangladesh.

Alam, K. H., Ali, M. K., Rashid, M. H. and Haque, A. H. M. (2017). Effect
of sowing dates and varieties on stemphylum blight of lentil. J. Sylhet
Agril. Univ. 4(2): 199-205.

Ali, M. Z., Aziz, M. A. and Sarker, M. A. I. (2016). Effect of Sowing Time
Based Temperature Variations on Growth, Yield and Seed Quality of

Garden Pea. Bangladesh Agronomy Journal. 19 (1): 29.

Anonymous. (1986). Annual Report 1985-86. Plant Pathology Division.
Bangladesh Agricultural Research Institute, Gazipur. p. 19.

Anonymous. (2006). All India Networking Project on Betelvine. National
Research Centre for Medicinal and Aromatic Plants, Boriavi, Anand,

Guijarat, India. p. 168.

Anonymous. (2010). Annual report 2009-10. Pulse research centre.
Bangladesh Agricultural Research Institute, Gazipur. pp. 89-90.

69



Anonymous. (2021). https://www.atlasbig.com. Retrieved on 09 February
2021.

Aycock, R. (1966). Stem rot and other diseases caused by Sclerotium
rolfsii. North Carolina Agricultural experiment Station Technical
Bulletin. 2: 174-202.

Baker, K. F. and Cook, R. J. (1974). Biological Control of Plant Pathogens.
W.H. Freeman and Company., San Francisco, USA. pp. 433.

Bakhsh, A., Ghafor, A., Zubeir, M. and Igbal, S. M. (1991). Genotype
International for grain yield in lentil. Pakistan J. Agril. 12: 102-105.

Bakr, M. A., and Zahid, M. I. (1986). Stemphylium blight: a new foliar
disease of lentil in Bangladesh. Bangladesh Journal of Plant
Pathology. 2 (1): 69-70.

Bakr, M. A. (1994). Check list of pulse diseases in Bangladesh. Bangladesh
J. Plant. Pathol. 10 (1 & 2): 13-16. p. 32.

Bakr, M. A. and Rashid, M. H. (2007). Strategic invention of pulse disease
research. Feb. 11-12, Bangladesh Agricultural Research Institute,

Gazipur, Dhaka, Bangladesh. p. 344.

BARI Hand Book (2005), Dal Fasol Utpadon Poddoti. Bangladesh
Agricultural Research Institute, Joydebpur, Gazipur. p. 101-104.

70


https://www.atlasbig.com/
https://www.cabdirect.org/cabdirect/search/?q=pb%3a%22W.H.+Freeman+and+Company.%22

BBS. (2017). Bangladesh Bureau of Statistics. Ministry of Planning. Dhaka,
Bangladesh. p.107.

Begum, F. (2003). Integrated control of seedling mortality of lentil caused
by Sclerotium rolfsii. MS Thesis, Department of Plant pathology,
Bangabandhu Sheikh Mujibur Rahman Agricultural University,
Gazipur, Bangladesh.

Begum, F. and Bhuiyan, M. K. A. (2007). Integrated control of seedling
mortality of lentil caused by Sclerotium rolfsii. Bangladesh J. Plant
Pathol. 23 (1&2): 17-24.

Bhatty, R. S. (1998). Composition and quality of lentil (Lens culinaris). A
review. Canadian Institute of Food Science and Technology.
21(2):144-160.

Dey, T. K., Saha, A. K., Rahman, M. and Ali, M. S. (2004). Biocontrol
potential of Trichoderma spp. against Sclerotium rolfsii causing
stem and tuber rot of potato. Bangladesh J. Plant Pathol. 20(1&2):
17-20.

Elad, Y., Chet, | and Katan, J. (1980). Trichoderma harzianum: A bio-

control agent effect against Sclerotium rollsii and Rhizoctonia
solani. Phytopathology. 70: 119-121.

71



Eliane, T. B. (2017). Root Rot Diseases in Plants: A Review of Common
Causal Agents and Management Strategies. Agri Res & Tech: Open
Access J. 5(3): 56-63.

Fakir, G. A. (1983). Status of research on pulse diseases. Bangladesh
Agricultural University, Mymensingh, Bangladesh. p. 20.

Faruk, M. I. (2018). Effect of Tricho-compost against Seedling Blight
Disease of Wheat Caused by Sclerotium rolfsii. Microbiology and
Biotechnology letters. 46: 395-402.

Faruk, M. I. and Khatun, F. (2020). Development of eco-friendly
management packages against foot and root rot and wilt diseases of
chickpea. International Journal of Agricultural Science Research.
8(1): 1-9.

Garret, S. D. (1956). Biology of root infecting Fungi. Cambridge University
Press London. p. 293.

Gupta, S. C. and Kolte, S. J. (1982). A comparative study of
isolates Macrophomina  phaseolina from leaf and root of
groundnut. Indian Phytopathol. 35: 619-623.

Hari, B. V. S. C., Chiranjeevi, V., Sitaramaiah, K. A. and Subrhamaniyam,
K. (1988). In vitro screening of fungicides against groundnut isolate
of Sclerotium rolfsii Sacc. by soil vial technique. Pesticides. 10: 47-
49,

72



Harlen, W. C. (2018). Polyphenols: Mechanisms of Action in Human Health
and Disease (Second Edition). pp. 4880-4887.

Hoitink, H. A. J. and Fahy, P. C. (1986). Basis for the control of soil borne
plant pathogens with composts. Annual Review of Phytopathology.
24:93-114.

Hossain, M. D., Meah, M. B. and Siddiqua, M. K. (1999). Effect of seed
treatment with Bavistin and Rhizoctonia on foot and root rot of lentil.
Bangladesh J. Plant Pathol. 15(1&2):1-4.

ISTA. (2010). International Rules for Seed Testing. International Seed
Testing Association, Seed Science and Technology, Zurich,

Switzerland. pp.333.
Katti, D. V. S., Bhargava, S. N. and Shukla, D. N. (1983). Some studies on
the saprophytic survival of Sclerotium rolfsii in soil. Z. Pflaslsrankh

pflpath plischute. 90: 382-387.

Khalequzzaman, K. M. (2016). Control of foot root rot of lentil by using
different management tools. ABC j. Adv. Res. 5(1): 35-42.

Krishi Projukti Hatboi, (2015). Dal Fosol. Bangladesh Agricultural Research
Institute, Joydebpur, Gazipur, Bangladesh. p. 81.

73



Kumar, M. And Kudada, N. (2018). Effect of sowing dates and weather
conditions on Rhizoctonia root rot disease incidence and green pod

yield of French bean. Journal of Pharmacognosy and Phytochemistry.
7(3): 893-899.

Maiti, S. and Sen, C. (1982). Incidence of major diseases of betel vine in

relation to weather. Indian Phytopathol. 35 :14-17.

Maiti, S. and Sen, C. (1984). Integrated biocontrol of Sclerotium rolfsii with
nitrogenous fertilizers and Trichoderma harzianum. Indian Journal of
Agricultural Science. 55 :464-468.

Mehrota, R. S. and Aggarwal, A. (2003). Plant Pathology. Tata McGraw-
Hill (P) Ltd., New Delhi, India, pp. 815-824.

Mollah, M. 1. (2012). Investigation on The Leaf Rot and Foot and Root Rot
of (Piper betel L.) in Satkhira district of Bangladesh. MS Thesis,
Dept. of Plant Pathology, Sher-e-Bangla Agricultural University,
Sher-e-Bangla Nagar, Dhaka-1207, Bangladesh.

Palti, J. and Katan, J. (1997). Effect of cultivation practices and cropping
systems on soilborne diseases. Found in Soilborne diseases of tropical
crops. Edited by Hillocks, R. J. and Waller, J. M. (1997). CAB
International, New York, USA. pp. 377-397.

Punja, Z. K., Huang, J. S. and Jenkins, S. F. (1958 a). Relationship of

mycelial growth and production of oxalic acid and cell wall degrading

74



enzymes to virulence in Sclerotium rolfsii. Can. J. Plant. Path. 7: 109-
117.

Punja, Z. K, Smith, V. L., Campbell, C. L. and Jenkins, S. F. (1958 b).
Sampling and extraction procedure to estimate numbers, spatial
patterns and temporal distribution of sclerotia of Sclerotium rolfsii in
soil. Plant Dis. 69: 469- 474.

Rahman, M. Z., Mafuzul, A. H. M., Zaman, M. A., Amin, M. F. and Das, A.
K. (2012). Efficacy of two fungicides and two botanicals to control
foot and root rot disease (Sclerotium rolfsii) of cowpea. Bangladesh J.
Plant Pathol. 28 (1&2): 29-32

Reddy, M. R. S., Mann, G. and Reddy, B. C. (1988). Management of twig
blight in Kagzi lime. Indian Phytopathol. 41(3): 499-500.

Sattar, M. A., Podder, A. R., Chandra, M. C., and Rahman, M. (1996). The
most promising BNF technology for green legume production. BNF

Association, Dhaka, Bangladesh. pp. 15-20.

Singh, R. S. (1982). Plant pathogen-The fungi. Oxford and IBH Publishing
Co. New Delhi. p.564

Singh, R. S., Singh. D. and Singh, H. V. (1997). Effect of fungal antagonists

on the growth of chickpea plants and wilt by Fusarium oxysporum f.
sp. ciceri. Plant Dis. Res. 12(2):103-107.

75



Singh, J. and Tripathy, S. C. (1999). Mycoflora association with stored seeds
of lens esculenta. Herbal Pesticide Lab., Dept. of Botany, Gorakhpur
Univ. Gorakhpur, India.

Sreenivasaprasad, S. and Manibhushanarao, K. (1993). Efficacy of
Gliocladium varens and Trichordarma longribrachiatum as bio-
control agents of lentil root and stem rot disease. Int. J. Pest Mangt.
39 (2):167-171.

Treggy, G. (1956). Study of physiological characters of strains of Sclerotium
rolfsii isolated from tomatoes and chilies. Ann. Sper. Agr. N. S. 10 (5):
1553-7574.

Weidong, C., Hari, C., Sharma, F. and Muehlbauer, J. (2011). Compendium
of Chickpea and Lentil Diseases and Pests. The American

Phytopathological Society. p.54.

Wever, G. F. (1931). Blight of carrots caused by Sclerotium rolfsii with
geographic distribution and host range of the fungi. Phytopathology.
21:103-109.

Yaqub, F. and Shahzad, S. (2005). Pathogenicity of Sclerotium rolfsii on
different crops and effect of inoculum density on colonization of
mungbean and sunflower roots. Pak. J. Bot. 37(1):175-180.

76



CHAPTER 7

APPENDICES

Appendix |I: Particulars of the Agro-ecological Zone of the
Experimental site

Agro-ecological region Madhupur Tract (AEZ-28)

Land Type Medium high land

General Soil Type Non-calcareous dark gray floodplain soil
Topography Up land

Soil series Tejgaon

Drainage Fairly good

Field level Above flood level

Firmness Compact to friable when dry

Soil p" 4.47-5.55

Organic matter content 0.82
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Appendix I1: Monthly mean weather of the experimental site

Monthly mean of average temperature (°c), average Relative humidity (%),

Rainfall and Pressure (mbar) from October/2019 to March/2020 are given

bellow-
Year Month Average Relative | Rainfall Air
Temperature | Humidity (mm) | Pressure

(°C) (%) (mbar)
2019 October 27.6 78 188 1010.1
November 24.9 74 37 1011.5
December 19.3 74 5 1015.2
2020 January 18.5 76 21 1014.7
February 21.6 59 1 1014.5
March 26.4 57 30 1010.7

Source: Bangladesh Meteorological Department (Climate Division),
Agargaon, Sher-e-Bangla Nagar, Dhaka-1207.
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