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ABSTRACT

The present investigation on “Studies on Alternaria solani causing early

blight disease in tomato (Lycopersicon esculentum Mill) was carried out in the

Department of Plant Pathology, S.K.College of Agriculture and research station
(IGKV, Raipur), Kawardha, during 2016-17.

Among the several disease of tomato, early blight of tomato is one of the

most destructive diseases, which cause heavy losses in fruit yield on tomato. The

symptoms of early blight of tomato were first observed as small brown water
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symptoms of early blight of tomato were first observed as small brown water
soaked lesion on the older leaf. Symptoms also reported on stem and petioles as
brown to dark brown elongated target board type spots on leaf, stem and fruit.
Survey carried out during Rabi 2016-17 revealed that severity of early blight of
tomato was more in Mungeli district followed by Rajnandgaon and Kabirdham
district. In case of village the highest PDI was noticed in Kalegondi village of
Rajnandgaon district, while the lowest PDI was recorded in Arasnara village of
Durg district. Maximum AUDPC was recorded in Rajnandgaon district followed
by Mungeli. However, least AUDPC was found in Durg district. Alternaria solani
was identified as the pathogen of early blight disease on the basis of morphological
characters and pathogenicity test. The conidia were observed solitary straight and
slightly flexuous oblong or muriform or ellipsoidal tapering to beak, pale or
olivaceous brown colour, length 28-75um and 15-20pm thick in the broadest part
with 8- 10 transverse and 0-4 longitudinal septa. Among the isolates of A.solani,
different culture media were exhibited variation in respect of colony colour,
substrate colour, growth pattern, margin colour, topography, thickness of
mycelium and sporulation. Alternaria solani produce grayish, dark brown, grayish
black to olive green colony colour in different isolate on different medium. Growth
pattern were also varied among the isolates from circular smooth to irregular
rough. Margin colour of colony was varied from whitish to brown among the
isolates. Isolates produce Aerial, submerge to merge topography. Margin colour of
colony was varied from whitish to brown among the isolates of A. solani. Water
agar media produce maximum sporulation in all seven isolates. Among the
fourteen solid culture media, potato dextrose agar medium produce maximum
mycelia growth followed by oat mea agar media, while water agar medium was
produce minimum mycelium growth. However, in liquid media oatmeal broth gave
higher biomass followed by potato dextrose agar media. Minimum biomass was
obtained in mineral broth. The fungus preferred neutral pH level (6.0-7.0) for
better growth and sporulation. The pathogen showed maximum growth and

sporulation at 25-30°C temperature.

XiX



Among the fungicides, most effective fungicide was found Hexaconazole
5%EC followed by Thiafluzamide 24% SC under in vitro condition. Among the
plant extacts, Allium sativum gave maximum inhibition of mycelial growth
followed by Crotalaria juncea and Azadirachta indica, while Euphorbia hirta was
showed least mycelium inhibition. Out of the different bio-agents tested, P.
fluorescens was found most effective followed by Trichoderma harzianum under
in vitro condition. Under field conditions, integrated effect of fungicides, P.
fluorescens and NSKE was studied to determine effectiveness of integrated
management strategy. All the treated plots showed significantly less percent
disease index than untreated plot. T5=Propineb @ 3g /kg (ST) + Trifloxystrobin
25% + tebuconazole 50% WG @ 0. 05% (FS) + NSKE @5% (FS) was found the
most effective followed by T6=Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @
0.1% + NSKE @5% (FS). While, treatment T,=Propineb @ 3g /kg (ST) + NSKE
@ 5% (FS) + Pseudomonas florescence @ 1x 10° was found less effective over
the control. The number of fruits per plant was found maximum in the plot which
sprayed with Ts=Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole
50% WG @ 0.05% (FS) + NSKE @5% (FS). The field evaluation of integrated
management indicate that the Propineb @ 3g /kg (ST) + Trifloxystrobin 25% +
tebuconazole 50% WG @ 0. 05% (FS) + NSKE @5% (FS) found most effective
for the management of early blight disease, produce maximum fruit yield and net

return.

XX



T ERI

e FT M AR (cTIFPIIRIBIT Yegared fa) ¥ geevarar
| @ gR S SR ST S W e

Rerft o1 g W U FAR

7= fagg : RY T R

<. WM Rig (e 3eausd) qreT 7 s R,
THEHMEPR BT AH T Hd BN P Aeldenerd Ud eu™ B, daui
= " Rre wéRum (®. )

TG R AW ARt o T W (R), aew R
Ty '

b i

T FEEON THIER

s 2o /2010
e :g/caéﬁi/ég
ﬁwnwa’%/mm
Y RIS

- = N e e e AR (g vegeed fiel) # seeiRar |iar
wmmmmwmﬁﬁﬁawwwmww
= ==, el wdam, R M B Rvafeen, AR (B) 3 geg A9 e B
TS T U9 e # fhar T o

waﬁwﬁwﬁ%mm‘@mﬁﬁwm%ww%wmwﬁ
= TR PR 9gd Bl § e $RO THRR @ SuS ¥ 4 gead @ 2
Toes T F 95 AN g [RE U W OB R W B Hidl (@) B S F IO gam
W = I OQH, T U Bl W TR R T P A oewdS GHR B FeToT YR gu | ey
ﬂma—ﬂ'ﬁwwmﬁﬁmqﬁﬁlﬁﬁa@?zmsﬁwﬁzmrﬁﬁ?ﬁ

XX


lenovo
Typewriter
xx

lenovo
Typewriter


o T forad af 99 ATeR el &1 T @ dadr e ufiRrd I gadid qof [har T3 |
el o1l # 97 @1 Sfivd Ui I FAdia Fad 31t A1 H off I 18 IISIGd
AR PHIRE™ el d UR—T 1| ARARTT Al Bl IHAD HURAD Ul AR TSI
ORI & MIR TR W AR & T O & wU  H YgdMT 17| $9d [ASI9] Yapla e
3R TSI TTBRER, RIRIBM, YT AT Sig & I ST 3T 8—10 3MH D 3R 0—4 T U9g
& A 28-75 UM a1 AR 15-20 UM HAieT e eRia fear| aa faf= et 9
faaeml gRT A= 14 Aregdl R 9 Sufaer 3, 9y &1 a¥iaT, [HIR &1 [T, e,
Hadh A B AR, O] & & UG Favge W7 & A9y # fAfy=are vl @ 7|
AR AAT A= Al W SIgT &40 3, TeY R T, R A Blol T, JaRid »d 7
TG IR T 9%e ¥ ofd) N W B U1 T, AIGE ARIAl H AT STl IR ARIH H
HIH AH HdP STl Bl (GBI AT AT | SIafds TRel ATEH H ACHI Aegd | Uil g
Hadh S (AR BT IO Fa9 SIT&T UIT 17 | JAeeHARAT Wiawi & fabrg iR 4oy
I BN @ fU deRer 1. va. wR (6.0-7.0) urnm war wd 25-30°c dargem R sidedw
Hadb Sl i o= TAT| IMTDHRS & I ATH & oIy YARTRIelr d b T uiefor § g
A T BheARIDl § gaaThASIe 5% EC gRT Af¥dad (97%) ®Had Sirel [+18er grar 1 |
faf=1 6 wiic Taigde H | 5% R Uferd wcrsad (40%) v sicrarar sikmr (38%) #
G SITGT Hadh SITel DT Y Urr 17 | {59 SR T AeeRAT ATl & [dway
RIEToT fRaT T R RS Yo HaW WITG] Y9l IRl AT $9G 916 SIShISHl
BISTYH YAl U1 1T | vers URRIfl # Usblapd Uaed VMR &1 JHraesierdr &l FHeiRd
A B U BHeRd, YA TR td NSKE &1 ualed wwa &1 sfegae fdhan

| wew wardr Ao T, = Propineb @ 3g /kg (ST) + Trifloxystrobin 25% +
tebuconazole 50% WG @ 0. 05% (FS) + Pseudomonas fluorescens @ 1x 10
(FS)urm =, s9& a1% T =Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @ 0.1%
+ NSKE @5% (FS) wafe T7:Propineb @ 3g /kg (ST) + NSKE @ 5% (FS) +

Pseudomonas fluorescens @ 1x 109 =T R \gH HH AET 9T AT | 9 e %
@1 W T, = Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50%

WG @ 0. 05% (FS) + Pseudomonas fluorescens @ 1x 109 (FS)# srferaan e or|
TP YT $ T JeAihT § e 8 fF 3 N dMt @ ferg T, = Propineb @
3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @ 0. 05% (FS) +

Pseudomonas fluorescens @ 1x 10 (FS) vwmdt gder vd i ®el SaTes 9 ggH
GATHT U & oI Fad JTel rar I |

*k* kK kK *k

XXi


lenovo
Typewriter
xxi


CHAPTER-I
INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is one of the most remunerative
and widely grown vegetables in the world. It is a small annual or short lived
perennial herb belonging to the family Solanaceae, probably native of ‘Peru-
Equador’. It is a regular kitchen component of Indian diet which is used as raw
fruit and also as cooked processed products like soup, ketchup, sauce, pickle,
pastes and powder. The pulp and juice of tomato is very digestible, promoter of
gastric secretion and blood purifier, additionally it nutrients and metabolites
(Folate, potassium, and vitamins A and C) that are important for human health.
Tomato seed contains 2.4 percent oil which has great medicinal value. Tomato
fruits content about 95 percent water and 5 percent other component mainly
carbohydrates and fibers. Details of nutrients contents in fresh tomato fruit are

given in table 1.1.

Table 1.1: Nutrient value of tomato in fresh fruit (100gm™).

Constituents Value % Constituents Value %
Energy 18 Kcal 1.0% Vitamin K 7.9 ug 6.5%
Carbohydrates 3909 3.0% Folates 150 g 4.0%
Protein 0.90¢g 1.6% Thiamine 0.037mg 3.0%
Total Fat 0.20¢g 0.7% Calcium 100mg 1.0%
Cholesterol 0.00mg 0.0% Iron 0.30mg 4.0%
Dietary Fibre 1209 3.0% Magnesium 11 mg 3.0%
Vitamin A 833 1U 28.0% Manganese 0.15 mg 6.5%
Vitamin C 13 mg 21.5% Phosphorus 24 mg 3.0%
Vitamin E 054mg 4.0% Zinc 0.17mg 1.5%

(Source: USDA National Nutrient database)



Tomato cultivation has become more popular since mid nineteenth century
because of its varied climatic adaptability and high nutritive value. Tomato is being
extensively grown as an annual plant all over the world. Tomato has ranks second
next to potato in world acreage but it has rank first among processing crops. It is
cultivated in an area of 4.73 million hectares all over the world with production of
163.96 million tones and an average yield of 34.66 tones ha™. In India, it is grown
in a wide range of climate across states of Andhra Pradesh, Odisha, Karnataka,
Maharashtra, West Bengal, Bihar, Gujarat, Uttar Pradesh, Madhya Pradesh and
Chhattisgarh, accounting total production of 18732 thousand tones from an area of
774 thousand hectares with an average productivity of 24.20 tones ha™ during
2015-16 (Anonymous, 2016). In Chhattisgarh, it is cultivated throughout the year
during rainy, winter and summer seasons. It is occupies an area of 55.081 thousand
hectares with production of 938.567 thousand tones and productivity of 17.04
tones ha™ during 2015-16 (Anonymous, 2016).

Tomato is highly sensitive to abiotic stresses especially extreme
temperature, salinity, drought, excessive moisture and environmental pollution and
biotic stresses. Tomato plants are suffered with large number of biotic stresses
including insect pests and diseases from the time of emergence to harvest. Tomatos
suffer with various diseases cited by fungi, bacteria, viruses, nematodes etc. in
several countries (Mark et al., 2006). More than 200 diseases have been reported to
infect tomato in the world (Atherton and Rudich, 1986). Large number of fungal
diseases such as early blight (Alternaria solani), Late blight (Phytophthora
infestans), Septoria leaf blight (Septoria lycopersici), Powdery mildew (Oidiopsis
taurica), Fusarium wilt (Fusarium oxysporum f. sp. lycopersici), Collar rot
(Sclerotium rolfsii), and Damping off (Pythium sp.) are causes severe losses in
tomato. Among the fungal diseases, early blight caused by Alternaria solani is one
of the most important and frequent occurring disease of the crop nation and

worldwide (Jones et al., 1991).



Alternaria solani has ability to survive for a long time on the diseased plant
deberies in soil in the absence of main host (Moore and Thomas, 1942 and Basu,
1971). Rotem (1998) reported that Alternaria solani may survive for more than ten
years in the soil on plant debris and seeds at optimum temperatures. Alternaria
solani survived on also other solanaceous cultivated crops such as potato, pepper,
egg plant and weed host.

Alternaria solani infect all the aboveground parts of the plant at all stages
of growth and development (Peralta et al., 2005; Verma and Verma, 2010). The
plants are more susceptible to infection by the pathogen during fruiting period
(Cerkauskas, 2005; Momel and Pemezny, 2006). Appearance of rotting on either
green or ripe fruit was observed when most of the tomato fruits gate infection with
A. solani (Morris et al., 2000; Blancard et al., 2012). The maximum incidence of
fruit rot disease has been observed in ill drained and low laying fields. A. solani
produced a wide range of symptoms on leaves, stems, petiole, twig and fruits
under favorable conditions which are leading to defoliation, drying off of twigs and
premature fruit drop (Mathur and Shekhawat,1986). Initial symptoms of the early
blight disease appear as brown to dark leathery necrotic spots on the lower leaflets
(Locke, 1949). Spots are oval or angular in shape ranging from 0.3 to 0.4cm
diameter with usually narrow chlorotic zone around the spot (Walker, 1952).
Symptoms progress from lower to upper leaves. As the spots mature, concentric
rings raised and depressed brown tissue are evident. Heavily infected plants often
become defoliated.

The pathogen Alternaria solani belongs to phylum: Ascomycota, class:
Deuteromycetes, order: Moniliales, family: Dematiaceae (Jones and Grout, 1986).
According to morphological characters and phylogenetic analysis, Alternaria
solani bear large, long- beaked and non catenated spores (Simmons, 2000). The
mycelium consisted of septa, branched, light brown hyphae which turned darker
with age. The conidiophores are short, 50-90 um long and dark in colour. Conidia
are 120-296 x12-20 um in size, beaked, muriform, dark colour and born singly.
Conidia contained 5-10 transverse septa and 1-5 longitudinal septa (Singh, 1987).
A. solani have ability to sporulate asexually and produce conidia, however sexual
stage of the fungus still unknown.



A. solani is a soil inhabiting fungus and it can also come from other host
through air and splashing rain. The germinating spores of A. solani penetrate
susceptible tissue directly or through wounds and soon produce new conidia that
are further spread by wind, splashing rain, etc. (Agrios, 2005). The disease can
occur over a wide range of climatic conditions, but it is most prominent in areas
where received heavy dew deposition, heavy rainfall precipitation and high relative
humidity. In severe rainfall, high humidity and fairly high temperatures 24-29°C
are more favorable for disease development (Peralta et al. 2005).

The early blight was the most catastrophic diseases incurring loss under
field and post harvest stages causing 50 to 86 percent reduction in fruit yield
(Mathur and Shekhawat, 1986). Every one percent increase in disease intensity can
reduce yield by 1.36 per cent, and complete crop failure can occur when the
disease is most severe. Yield losses up to 79 per cent have been reported in the
field by Sherf and MacNab (1986). Saha and Das (2012) reported losses in yield
0.75 to 0.77 tons ha® with 1per cent increase in disease severity. Infection
accompanied by the production of toxins by A. solani, including some non-host
specific toxins called alternaric acid, zinniol, altersolanol and macrosporin. The
toxins act on the host protoplast to disturb physiological processes that sustain
plant health (Agrios, 2005).

Once early blight is established in the crop, it is very difficult to be
controlled (Smith and Kotcon, 2002). Fungicide treatments are generally the most
effective control measures, but are not economically feasible in all areas of the
world and may not be effective under weather conditions favorable for disease
epidemics (Herriot et al., 1986). Beside this Alternaria solani has low sensitive
with fungicides because of its production of dark brown to black pigment called
melanin which enhanced survival and competitive abilities of the pathogen under
certain environmental conditions (Bell and Wheeler, 1986). However, in the recent
years, huge use of fungicides in agriculture has been the subject of growing
concern for both environmentalist and public health authorities. Now days various
botanical and bio-control agents available which can reduce populations of foliar
pathogens but there effect are very slow. Plant extracts have shown the
antimicrobial activity against fungal pathogens under in vitro and in vivo
conditions (Kagale et al., 2004). Bio-control agents are used for the control of soil



borne, foliar and post harvest diseases in various crops in the field, in commercial
green house and storage depots (Abeysinghe, 2009; Jegathambigai et al., 2010).
Root colonizing bacteria, especially Pseudomonas spp., can efficiently control
diseases caused by soil borne pathogens (Maurehofer et al., 1994). Any one of the
above control measure is alone unable to suppress disease in sustainable crop
production.

Besides, these botanicals and bio-agents are environmentally safe and these
are major components in integrated disease management programs (Bowers and
Locke, 2004). An integrated control will have to be considered with bio-control
agents, botanicals as well as chemicals for the management of disease. Thereby,
novel approach requires low amount of chemicals to reduce pollution hazards as
well as the cost of management. So, the possibilities of controlling plant disease by
the integration of several methods have been the subject of extensive research. An
integrated control will have to be considered with bio-agents, botanicals as well as
chemicals for the management of airborne pathogens. Integrated disease

management is a good strategy for the control of the early blight disease in tomato.

In recent year, the disease has assumed serious problematic disease in
Chhattisgarh. There is not much information available on status of intensity,
variability and management of Alternaria solani in this region. It is very essential
to determine the efficacy of different doses of fungicides, botanicals and bio-
control agents and their integrations against early blight of tomato. Therefore,
keeping in view of above facts present experiments were conduct on “Studies on
Alternaria solani causing early blight disease in Tomato (Lycopersicon esculentum

Mill.)” The objectives of the present investigations are taken up as follows:

1. Survey on severity of early blight of tomato in different districts of
Chhattisgarh.

2. Cultural and pathogenic variability of Alternaria solani isolates.

3. In vitro evaluation of fungicides, bio-control agents and plant extracts

against Alternaria solani.



4. Development of integrated management strategies for the control of early

blight in tomato.



CHAPTER - 11
REVIEW OF LITERATURE

Early blight disease on tomato caused by Alternaria solani is an important
and widely distributed disease throughout the world, wherever tomato is grown.
The studies with respect to status of early blight in Chhattisgarh on tomato and its
management are taken into consideration. Reviewing of literatures on present

general picture of the disease information is presented here:

2.1. Historical Background

The genus Alternaria was first recognized by Nees in 1817 and Berkeley
(1836) identified the causal fungus on plants belonging to family Brassicaceae as
Macrosporium brassicae Berk. which was later renamed as Alternaria brassicae
(Berk.) Sacc.

The early blight disease was first described by Ellis and Martin (1882) from
U.S.A. on potato and the causal organism was identified as Macrosporium solani.
Later Jones and Grout (1897) transferred the fungus to the genus Alternaria on the
basis of formation of spores in catenulate (in chains) in culture. The name early
blight was ascribed to the disease by Jones (1893) because of the sever attacks on

early maturing cultivars than medium or late maturing cultivars.

Sherf and MacNab (1986) reported that first symptoms of early blight are
small, dark, necrotic lesions that usually appear on the older leaves and spread
upward of the plants. As lesions enlarge, they commonly have concentric rings
with a target-like appearance, and they are often surrounded by a yellowing zone.
In severe epidemics, A. solani can cause premature defoliation, which weakens the
plants and exposes the fruit to injury from sunscald. Large, dark, and sunken
lesions may appear on the stems of seedlings at the ground line, causing partial

girdling known as collar rot.

Butler (1903) reported Alternaria solani for first time in India on Solanum

tuberosum from Farukhabad district of Uttar Pradesh.



Madden et al. (1978) reported that the early blight caused by A. solani is principal
foliar disease of tomato in North Eastern USA. The disease characterized by dark

lesions with concentric rings that appear first on the lower leaves.

Jones and Grout (1986) reported that the pathogen Alternaria solani
belongs to phylum Ascomycota, class Deuteromycetes, order Moniliales, family

Dematiaceae, genus Alternaria and species solani.

Maiero et al. (1990) observed that the A. solani causes two distinct phases

of disease on tomato plants i.e. early blight and collar rot.

2.2. Survey of early blight

Kamble et al. (2009) found major disease of tomato was early blight incited
by A. solani under agro climatic conditions of Konkan region of Maharashtra.
Early blight disease intensity was ranged between 20.78 to 42.30 percent in Raigad
district and 35.12 to 55.75 percent in Thane district.

Chaurasia et al. (2013) conduct regular survey in local Tomato growing
field of Tikamgarh (M.P.) and observed that most of the tomato fruits have been
suffered by fruit rot disease caused by Alternaria solani. The green fruits was
found very less susceptible which showed some resistant against Alternaria solani.
While, semi ripe” fruits was found most susceptive for the pathogen and maximum
rotting was recorded in semi ripe fruits. The ripe fruits were found moderately

susceptible.

Munde et al. (2013) conducted roving survey on early blight of tomato
disease during Rabi season, 2008 — 2009 at Thane, Raigad, Ratnagiri and
Sindhudurg districts of Maharashtra and percent disease incidence was ranged
from 26.33 to 50.77 percent. The maximum percent disease incidence (50.77%)
was observed in Wada Tahsil of Thane district and minimum percent disease

incidence (26.33%) in Goregaon Tahsil of Raigad districts.

Sahu et al. (2013) conducted survey in Rabi 2012-13, to know the seasonal
occurrence of tomato diseases and current status of early blight diseases in

Abhanpur, Aarang and Dharsiwa block of Raipur district of Chhattisgarh. In entire



growing season disease severity was more in Abhanpur block (51.31%) followed
by Aarang block (49.35%) and least in Dharsiwa block (44.24%).

Ahmad et al. (2014) survey was conducted in Peshawar division to
determine the incidence of early blight on tomato caused by Alternari solani. High
disease incidence (100%) was recorded in Pathwarbala, Sufaid Sang, Kanderysadin
and Shahibala and lowest in Regiaftezai and Malakandhir (50%).

Rani et al. (2015) conducted survey during 2011 and 2012 to diagnose the
symptoms of early blight disease of tomato (Lycopersicum esculentum L.) in all
vegetable growing areas of Jammu Division of Jammu and Kashmir. The disease
intensity and incidence were varied from 21.66 to 34.13% and 10.48 to 18.56%,

respectively.

Pachori and Sharma (2016) conducted field survey during Kharif season
2014-15 at Gwalior, Bhind and Morena Districts of Madhya Pradesh to determine
status of early blight on tomato. The percent disease incidence was ranged from
27.50% to 63.36%. The highest percent disease was observed in research farm
(63.36%) of Gwalior District and minimum percent disease incidence was
observed in village Daboha (27.5%) of Bhind District.

3.3 Symptomatology

Walker (1952) reported that the spots were oval or angular in shape ranging
from 0.3 to 0.4 cm diameter in size with usually narrow chlorotic zone around the
spot. Symptoms were progress from lower leaves to upper leaves. Leaf spots begin
as small brown areas on lower leaves. As the spots mature, concentric rings of
raised and depressed brown tissue were evident. Heavily infected plants often

become defoliated.

Ramakrishnan et al. (1971) observed cankerous spots on tomato stems of
seedling causing by A. solani. They were especially injurious when they occurred
at the juncture of the stem and side branches. Tomato fruit, both green and ripe,
may also become infected with the fungus. Infection generally begins at the calyx
end. Brown leathery areas were formed at infection sites. They contain the same

concentric rings found in leaf spots.



Datar and Mayee (1981) observed that Alternaria solani was attacked on

green and ripe fruits at the stem end growth cause cracks and other wounds.

Sherf and MacNab (1986) observed the first symptoms of early blight as
small, dark, necrotic lesions that usually appear on the older leaves which
subsequently spread upward as the plants become older. In severe epidemics A.
solani can cause premature defoliation, which weakens the plants and exposes the

fruit to injury from sunscald.

Peralta et al. (2005) reported that early blight is the major disease symptom
caused by the fungus Alternaria solani (Ellis & Martin) Sorauer. This disease can
lead to complete defoliation in severe case in regions where received heavy

rainfall, high humidity and fairly high temperatures (24°-29°C).

Chaerani et al. (2006) noticed symptoms on tomato due to early blight as

collar rot on stem of seedlings, lesions on stem of adult plant and rotting on fruits.

Foolad et al. (2008) described early blight symptoms on potato and tomato
foliage as small, dark, circular lesions becoming distinctly zonate as they develop.
Stem lesions was occur on diseased tomato plants as roughly circular, sunken, dark

and zonate.

Blancard et al. (2012) observed the appearance of rot spots on green and ripe fruit

of tomato.

2.4 Pathogen

Neergaard (1945) reported that Alternaria solani as large spores producing
group of fungus and characterized by separate conidia borne singly on simple

conidiophores within the genus Alternaria.

Joly (1959) studied on morphological variations of Alternaria species and
later during 1964 divided in three sections and proposed a simple key for
identification and determination of the most common species. Further, Ellis and

Gibson (1975) noticed the conidia of Alternaria solani are muriform and beaked.

Ellis (1971) studied the morphological characters of Alternaria solani and

reported that the conidia are dark muriform, pale golden or olivaceous brown,
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smooth and usually 150— 300 pum in length and 15-19 um thick in the broadest
part, with 9-11 transverse septa and 1-4 longitudinal or oblique septa; sometimes

branched 2.5-5 pum thick tapering gradually.

Bose and Som (1986) observed the septate, branched, light brown hyphae
which turned darker with age. The conidiophores were short measuring 50 to 90
um long and dark colour. Conidia were 120-296 x 12-20 um in size, beaked,
muriform, dark colour and borne singly. However in culture they formed short

chains.

Singh (1987) reported that the conidia contained 5-10 transverse septa and
1-5 longitudinal septa. The mycelium was septate, branched, light brown hyphae

which turned darker with age.
2.5 Losses due to Early blight disease

Yield losses up to 79% due to early blight were reported from Canada,
India, USA, and Nigeria (Datar and Mayee 1981; Sherf and MacNab 1986; Gwary
and Nahunnaro 1998). Collar rot caused by A. solani can cause seedling losses in
the field from 20 to 40% (Sherf and MacNab 1986).

Meitei et al. (2012) reported the loss in yield due to the early blight disease
was 2.15% in highly resistant genotype and 42.75% in highly susceptible
genotype.

Saha and Das (2012) conducted experiment to assess the crop loss in
relation to disease severity due to early blight in the year 2007-08 and 2008-09 in
west Bengal and revealed that loss in yield was 00.76 tone ha™ for every 1%

increase in disease severity.
2.6 Isolation, inoculation and pathogenicity of Alternaria solani

Barksdale (1968) and Dhiman et al. (1980) used spore suspension
containing 2x10* spore ml™ for proving pathogenicity of early blight of tomato
caused by A. solani. Further, they atomized the culture suspension on three leaf

stage seedlings at the rate of 30 ml per seedling for successful inoculation.
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Coffey et al. (1975) showed that the early blight severity was gradually
increased on young tomato plants with increased as conidial concentration from 5
x 10° to 8 x 10* conidia ml™. A positive relationship between inoculum
concentration and symptom development has also been demonstrated for other
Alternaria species by Vloutoglou (1994).

Vloutoglou and Kalogerakis (2000) studied the effects of inoculum
concentration, wetness duration and plant age on development of early blight
(Alternaria solani) and on shedding of leaves in tomato plants. They reported the
main effect of early blight was premature defoliation which was linearly related to
the percentage of leaf area showing symptoms. They also observed that the 4-6 hrs
of wetness is sufficient to initiate the disease on plants and as wetness duration
increased up to 24 h, there was an increase in the percentage leaf area showing

symptoms and in the percentage of defoliation.

Arunakumara (2006) conducted pathogenicity test by inoculating of spore
suspension and homogenized mycelium bits (2 x 10* spore mI™) of A. solani on
foliage of 30 days old tomato seedlings.

Tippeswamy et al. (2010) confirmed the pathogenicity of early blight of
tomato by spraying 1x10* conidial suspension of A. solani on 30 days old

seedlings, before flowering (60 days) and after flowering (90 days).
2.7 Cultural and Morphological Variability

Perez and Martinez (1995) studied on variability in four isolates of
Alternaria solani with respect to morphological characters like colony growth,
colony diameter, mycelium colour, colony texture, pigmentation and conidia size
on culture medium and concluded that Alternaria solani exhibited variability

among the isolates.

Arunakumara (2006) postulated that the Alternaria solani produce
uniformed, beaked, single separate conidia on simple conidiophores. Like other
members of the genus Alternaria, A. solani has transverse and longitudinal septate

conidia, multinucleate cells and dark-coloured (melanized) cells. Morphological
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and pathological variations among A. solani isolates had been enormously studied
by many researchers (Khan, 2002, Pérez, 2003 and Varma et al., 2007).

Hubballi et al. (2010) studied on cultural variability of A. alternata isolates
on different culture media and reveal that the colony and substrate colour, margin,
topography, zonation, pigmentation, colony diameter (mm) and sporulation varied

among the isolates.

Alhussaen (2012) studied morphology and physiology characteristics of
Alternaria solani for identification and variability. The mycelia width range
between 0.8-1.5 pum and conidia were 35-75 um in length and 10-20 pum in width
and 2-7 transverse septa and 1-4 longitudinal septa. This study pointed that there
was a variation in the population of Alternaria solani isolated from Jorden Vally.

Nikam et al. (2015) studied on pathogenic variability in tomato cultivar
Pusa Ruby among the eight isolates of A. solani. The test isolates could grow better
on the basic culture medium potato dextrose agar; however, highest mycelial
growth was recorded on the isolate AsLt (88.50 mm), followed by AsBd (82.36
mm) and AsHI (78.40 mm), with excellent sporulation. All of the eight test isolates
exhibited a wide range of variability in respect of their mycelial and conidial

dimensions and septation.

Pachori et al. (2016) determined variability among collected fifteen isolates
of Alternaria solani isolated from different locations of Bhind, Morena and
Gwalior districts of Madhya Pradesh. Variability was observed in conidial
morphology, cultural variability (colour of mycelium, growth of mycelium) on
PDA media.

2.8 Pathogenic Variability

Castro et al. (2000) conducted an experiment on study of variability of A.
solani under green house conditions based on the inoculation of 7 isolates on 14
tomato genotypes and reveal that all the isolates showed different degree of
virulence on 14 tomato genotypes, demonstrating the existence of high level of

variability in the fungus.
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Singh et al. (2014) reported that out of 10 isolates, only three major groups
were recorded on the basis of SAS analysis likewise Group-A were highly virulent
(MF-4 and PN-4), Group-C indicate virulent (BG, AF-2, EC-1 and RF-1) and
Group-E were less virulent (BHU-1, 1IVR, SF-1 and BX-2) with all the five

varieties.

Stammler et al. (2014) various experiments were performed to analyze the
virulence of Alternaria solani and Alternaria alternata on tomatoes and potatoes.
A. solani isolates were showed highly virulent while A. alternata isolates showed

low or no symptoms after inoculation.

Rahmatzai et al. (2016) reveal that the isolate AS1 of A. solani was mostly
virulent with maximum level of disease incidence (53.5%) and disease severity
(32%), whereas, the AS2 isolate noted the least early blight incidence of 27% and
disease severity of 18%. ASL1 isolate produced properly clear early blight
symptoms on leaves, stem and even fruits and was found to be virulent causing

sever disease in tomato plants.

3.9 Effect of culture media on Growth and cultural characters of

Alternaria solani isolates

Several literature reports showed PDA is a good medium for the growth
and sporulation of A. solani (Bonde 1929; Neergaard 1945 and Rotem 1966).
Barksdale (1968) reported that potato dextrose agar and lima bean agar media were
the best media for growth and sporulation of A. solani.

Kulkarni (1998) reported that Alternaria solani attained maximum growth
after ninth and seventh days of incubation in Richard’s and potato dextrose agar

medium.

Arunakumara (2006) studied growth characters of Alternaria solani
isolated from tomato on nine solid media viz. potato dextrose agar, corn meal agar,
Richards’s agar, malt extract agar, bean meal agar, oat meal agar, glucose peptone
agar, Czapek’s agar and host leaf extract agar and maximum fungus growth was

obtained on PDA followed by corn meal agar after 9 days of inoculation.



14

Chohan et al. (2015) postulated that the maximum growth of Alternaria
solani was obtained at 25°C on PDA medium at 6.5 pH level under continuous
light condition. On PDA medium the pigmentation varied from creamy yellow,
brown black to olivacious brown, while on HLEA medium it was light brown.

Yadav et al. (2015) studied on five grain based media (wheat, sorghum,
barley, maize and pearlmillet) to assess the effect of moisture, light quality,
darkness quality and UV light on conidial production of A. solani. Excellent
colonization with sporulation (4.50 x 10% was found with sorghum grains at
25+2°C after 30 DAI (days after incubation). The varying moisture content of
substrates gave diversified colonization and sporulation of test pathogen on

sorghum grain-based media.

Koley and Mahapatra (2015) tested the growth of the fungi under culture in
twelve different liquid and solid media and compared with each other. Potato
dextrose agar and oat meal agar media solid media and Richard’s broth and
Sabouraud’s broth liquid media appeared be better than other media for growth of
tomato early blight causing fungi.

Kumar et al. (2015) conducted an experiment on effect of culture media on
various cultural characters of Alternaria solani. Alternaria solani grow well on
Czapek dox agar medium and Jenson medium but maximum average radial growth

of 54.7 mm was recorded on PDA at 25 °C temperature with pH 7.5.

Rahmatzai et al. (2016) reveal that maximum mycelial growth of AS1 was
noted with Sabouraud’s Agar medium (9 cm) followed by host agar medium
(8.7cm) and PDA (7.9cm). While, the maximum linear growth of AS2 was
recorded with Richard’s Agar (9cm) followed by Czapeck’s Agar (8.6cm) and
Sabouraud’s Agar (8.5cm). Isolates of A. solani showed highly variation in
pigmentation, sporulation and feature of mycelial growth such as colony surface,

growth margin and zonation.
3.10 Effect of pH on growth of Alternaria solani

Samuel and Govindaswamy (1972) demonstrated that good mycelial
growth and sporulation of A. solani was between pH 4.0 to 8.0 and pH 5.0 was the
best for mycelia growth and pH 7.0 for sporulation.
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Gemawat and Ghosh (1980) observed that the A. solani was capable to
grow on wide range of pH (4.0 to 9.5) and maximum growth and sporulation were

observed at 6.3 pH.

Alhussaen (2012) observed that the optimum pH level for the growth of
Alternaria solani grow in vitro was 6 to 7. Maximum growth of Alternaria solani
was recorded at 6.5 pH level on PDA medium under continuous light condition by
Chohan et al. 2015).

3.11 Effect of temperature on growth of Alternaria solani

Kaul and Saxena (1988) reported that the maximum growth of five isolates
of A. solani at 25°C followed by 20, 15, 10 and 5°C with least growth at 35°C. A.
solani germinated most rapidly in darkness when ambient temperature was near
25°C (Stevenson and Packer, 1988). The temperature requirement for A. solani
was reported from 5-35°C by several workers (Bonde, 1929; Verma, 1970 and
Gemawat and Ghosh, 1979).

Kemmitt (2002) reported that warm, humid (24-29°C) environmental
conditions are conducive to infection in tomato in the presence of free moisture at
optimum temperature range of 28-30°C, conidia germinate in approximately 40

min.

Arunakumara (2006) postulated that the A. solani produced maximum
growth at 25 to 30°C temperature followed by 25°C, 20°C, 35°C, 15°C, 40°C,
10°C.

Rodrigues et al. (2010) studied conidial production and reveal that the
fungal colonies were maximum grown in V8 medium at 25°C in the dark with
agitation for seven days at 25 * 2°C under near ultraviolet light and 12 h-

photoperiod.

Hubballi et al (2010) reported that the growth of A. alternata was higher at
temperature range of 25 - 30°C. The exposure of the fungus to alternate cycles of
12 hour light and 12 hour darkness resulted in the maximum mycelial growth of A.

alternata compared to continuous light and dark.
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Arunakumara et al. (2015) an experiment was conducted to study the
impact of abiotic and nutritional factors on the growth of Alternaria solani causing
early blight of potato at College of Horticulture, Bidar during 2013-14. Optimum
pH for the growth of A. solani was in the range of 6.5 to 7.0. The fungus thrived
well at a temperature of 25°C followed by 30°C.

2.12 In vitro efficacy of plant extracts, bio-agents and fungicides

against Alternaria solani

2.12.1 In vitro efficacy of plant extracts against Alternaria solani

Nashwa et al. (2012) studied on antimicrobial activity of six plant extracts
from Ocimum basilicum (Sweat Basil), Azadirachta indica (Neem), Eucalyptus
chamadulonsis (Eucalyptus), Datura stramonium (Jimsonweed), Nerium oleander
(Oleander), and Allium sativum (Garlic) for controlling Alternaria solani. Leaf
extracts of D. stramonium, A. indica, and A. sativum @ 5% inhibited highest
mycelial growth of A. solani (44.4, 43.3 and 42.2%, respectively), while O.
basilicum @ 1% and 5% and N. oleander @ 5% inhibited lowest mycelial growth

of the pathogen.

Ganie et al. (2013) evaluated five plant extracts viz., Artimesia absinthium
L., Datura stramonium L., Urtica dioica L., Juglans regia L. and Mentha arvensis
L. against Alternaria solani causing early blight of potato under in vitro condition.
Among plant extracts, D. stramonium proved superior to all other botanicals which
exhibiting 61.12% mycelial growth inhibition of A. solani.

Sahu et al. (2014) evaluated antifungal activities of 9 plant extracts against
Alternaria solani causing early blight of tomato. All tested plant extracts produced
some antifungal activities, whereas Azadirachta indica (neem), Datura
stramonium (datura) and Withania somnifera (ashwagandha) showed significant
antifungal activities. The leaf extract of W. somnifera was most effective in
inhibiting the mycelial growth of A. solani (62.56%) followed by D. stramonium
(34.65%) and A. indica (25.27%).

Roopa et al. (2014) tested bio-efficacy of ten botanicals against Alternaria

solani casing early blight of tomato. Among the ten plant botanicals evaluated,
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Jatropa leaf extract @ 10 percent was found most effective in inhibiting the

mycelial growth of A. solani (62.78%).

Rahman et al. (2015) evaluated some botanical against A. porri. Adhatoda
vasica extract @ 5% showed the maximum (91.11%) inhibition of mycelial growth

of A. porri followed by Azadirachta indica (60 %) and Ocimum sanctum (55.33%).

Maya and Thippanna (2015) tested bio-efficacy of aqueous extracts of ten
locally available botanicals viz. Accacia catechu, Cassia fistula, Cassia tora,
Eupatorium odoratum, Melia azardichita, Pongamia pinnata, Psidium guajava,
Tamarindus indica, Vitex nigundo and Zinger officinalea against A. solani using
poison food technique. Maximum myecelial inhibition of 80.70% was recorded in
Rhizome extracts of Zinger officinalea followed by M. azardichita (73.64%), P.
guajava (71.75%), P. pinnata (68.92%) and E. odoratum (63.71%) and least

myecelial inhibition (13.74%) was recorded in Cassia tora.

Sadana, and Didwania (2015) studied on bio-efficacy of fifteen plant
extracts (Polyalthia longifolia, Azadirachta indica, Datura stramonium, Ocimum
sanctum, Calotropis procera, Crotalaria juncea, Eucalyptus obliqua, Cassia
fistula, Agele marmelos, Croton bonplonadium, Pergularia daemia, Cleome
viscose, Phyllanthus amarus, Bauhinia purpurea, Euphorbia hirta) against A.
solani under in vitro conditions. Fresh aqueous extract of Eucalyptus obliqgua @
15% was most effective which exhibited 88 percent inhibition of mycelial growth
of A. solani strain Al followed by Datura stamonium, Azadirachta indica,

Calotropis procera and Polyalthia longifolia.

Koley et al. (2015) reported growth inhibitory activity of botanicals against
Alternaria solani causing early leaf blight of tomato. Aqueous leaf extract of
Datura stramonium was the best followed by Azadirachta indica oil and Lantana
camara leaf extract showing fungus growth inhibition of 57.03%, 51.35% and
48.02%, respectively. The efficiency of the botanicals was significantly highest at
15% concentration for all the botanicals as compare to lower concentration 5% and
10%.

Rani et al. (2017) evaluated fungicides and plant extracts against Alternaria

solani. Among plant extracts, maximum mycelial growth inhibition was exhibited
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by Datura stramonium (20%) followed by Lantana camara (20%) and
Azadirachta indica (20%).

2.12.2 In vitro efficacy of bio-control agents against Alternaria solani

Babu et al. (2000a) evaluated the efficacy of six Trichoderma species on
early blight of tomato. Among the six species of Trichoderma, T. harzianum
exerted the highest inhibition of the mycelial growth (50.22%) of the pathogen
over control fallowed by T. viride.

Babu et al. (2000b) reported that all the six P. fluorescens used were

significantly inhibited the growth of A. solani compared to control.

Kota (2003) postulated that the Trichoderma harzianum and T. virens were

highly inhibited the growth of A. alternata under in vitro condition.

Kumar et al. (2005) observed that in dual culture, all the three antagonist
viz. Trichoderma virens, T. harzianum and T. viride over grow the colony of

Alternaria alternata but T. viride parasitized the test fungus earliest.

Dalpati et al. (2010) evaluated four different bio-agents viz. Trichoderma
harzianum, T. viride, Pseudomonas fluorescens and Bacillus subtilis against the
Alternaria macrospora causing leaf spot of cotton in vitro. Among the four bio-
agents, T. harzianum was found superior as compared to others by inhibition the
growth of 76.66% followed by Bacillus subtilis (73.66%).

Zafar et al. (2013) tested five Trichoderma species (viz. T. viride, T. virens,
T. harzianum, T. koningii and T. pseudokoningii) against Alternaria solani. Culture
filtrate of all the species of Trichoderma retarded the growth of A. solani but T.

viride and T. harzianum most strongly suppressed the growth of Alternaria solani.

Koley et al.,(2015) determined the efficacy of six bio-control agents
against fungus Alternaria solani causing early leaf blight of tomato. Bacillus
subtilis showed the highest growth inhibition (52.77%) of A. solani over the
control followed by isolate 2 and isolate 1 of Pseudomonas fluorescens with
47.22% and 45.55% of growth inhibition, respectively.
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Rani et al. (2017) evaluated fungicides and plant extracts against Alternaria
solani. Amongst the bio agents tested using dual culture technique, Trichoderma
harzianum showed maximum growth inhibition of the pathogen and appeared to be
the most effective.

2.12.3 In vitro efficacy of fungicides against Alternaria solani

Choulwar and Datar (1994) studied the tolerance of A. solani to fungicides
like Mancozeb, Captofol, Thiophenate methyl and Carbendazim. These were tested
at 1000, 1500, 2000, 2500 ppm in vitro. The results indicated that A. solani could
tolerate 2500 ppm of all the fungicides tested.

Mallikarjun (1996) evaluated eight fungicides against A. alternata causing
leaf blight of turmeric in vitro condition. Propiconazole (tilt) was found superior in
inhibiting the growth of the fungus.

Dubey et al. (2000) conducted a study to investigate the effect of
combination of different fungicides to inhibit the growth of Alternaria alternata
which is responsible for Alternaria blight of broad bean and concluded that Contaf
(Hexaconazole 5 EC) inhibited cent percent growth of Alternaria alternata under

in vitro conditions.

Arunakumara (2006) tested in vitro efficacy of mancozeb and
chlorothalonil (0.1, 0.2 and 0.3% conc.) and Azoxystrobin and Pyraclostrobin
(0.05, 0.1 and 0.15% conc.) against Alternaria solani causing early blight of
tomato and reported that the maximum inhibition of fungal growth in Azoxystrobin
(78.60%) followed by Pyraclostrobin (78.02%), Mancozeb (63.20%%) and
Chlorothalonil (51.54%).

Singh and Singh (2006) tested efficacy of seven fungicides viz.,
chlorothalonil, copper oxychloride, azoxystrobin, propineb, copper hydroxide,
mancozeb at 2500, 2000, 1000, 500 and 250 ppm and hexaconazole at 1000, 500,
200, 100 and 50 ppm against A. alternata causing blight of tomato. All the
fungicides significantly reduced the radial growth of the fungus. However,

hexaconazole was very effective as it caused 100% growth inhibition.
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Sharma and Gaur (2009) evaluated nine fungicides against A. alternata
under in vitro condition. Among the tested fungicides Prochloraz found most
effective in inhibiting mycelial growth (95.3%) followed by Propineb (65.8%),
SAAF (60.5%) and Mancozeb (57.8%).

Mesta et al. (2009) evaluated mancozeb, captan, and chlorothalonil (0.1,
0.2 and 0.3% conc.); hexaconazole and difenoconazole (0.05, 0.1 and 0.15% conc.)
under in vitro conditions against Alternaria helianthi and maximum inhibition of
fungal growth was recorded in hexaconazole (72.87%) followed by difenoconazole
(72.61%), mancozeb (58.29%), chlorothalonil (51.54%) and captan (50.43%).

Patel and Choudhary (2010) tested the efficacy of different systemic and
contact fungicides against early blight of tomato. Among systemic fungicides,
Difenconazole inhibited maximum growth of A. solani, whereas in contact

fungicides, Mancozeb gave highest percent inhibition.

Hassan et al. (2014) determined the efficacy of commonly available fungicides at
six different concentrations against Alternaria solani. Results showed that
Chlorothalonil has better effectiveness as compared to others followed by Clipper

and Antracol.

Sadana and Didwania (2015) tested seven fungicides (Mancozeb, Captan,
Thiram, Coppersulphate, Carbendazim, Zineb and Copperoxychloride) against
Alternaria solani and highest reduction in the disease was achieved by applying
Mancozeb (1500ppm) that caused 86.4 percent inhibition of mycelial growth of

Alternaria solani.

2.13 In vivo efficacy of fungicides, plant extracts and bio-agents

against Alternaria solani

2.13.1 In vivo efficacy of plant extracts against Alternaria solani

Babu et al. (2000a) reported the effect of plant extracts, oils and Neem
products (Neem leaf, neem seed kernel and neem cake) on tomato early blight in
the field. Acacia concinna pod extract was found most effective with lowest

percent disease index (23.1%) followed by neem oil (30.9%).
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Hassanein et al. (2010) evaluated the effect of neem (Azadiracta indica)
leaf extract against Alternaria solani, the causal agents of early blight of tomato
and revealed that the concentration of 20% aqueous neem leaf extract sprayed on
tomato plants showed lower incidence of early blight from 53.2 to 42.5% after two
weeks and from 100 to 79.2% after 4 weeks.

Nashwa et al. (2012) studied on antimicrobial activity of six plant extracts
from Ocimum basilicum (Sweat Basil), Azadirachta indica (Neem), Eucalyptus
chamadulonsis (Eucalyptus), Datura stramonium (Jimsonweed), Nerium oleander
(Oleander), and Allium sativum (Garlic) for the control of Alternaria solani and
highest reduction of disease severity was achieved by the extracts of A. sativum at

5% concentration and D. stramonium at 1% and 5% concentration.
2.13.2 In vivo efficacy of bio-control agents against Alternaria solani

Ahmed (2011) studied two strains of growth promoting rhizobacteria (PGPR),
Pseudomonas putida MG4, and Pseudomonas fluorescens MG18 selected as
inducers of systemic resistance for biological control of leaf spot caused by
Alternaria solani and bacterial speck caused by Pseudomonas syringae in tomato.
The two bacterial isolates afforded reduced disease intensity and elicited systemic
protection against the two studied pathogens. The two PGPR stimulated a systemic
response in tomato by inducing high rates of enzyme activity of phenylalanine
ammonialyase (PAL), peroxidase (PO), polyphenol oxidase (PPO) and chitinase as
well as the accumulation of high level of phenolics. The combined effect of these

factors induced drastic decrease in the degree of infection of the two pathogens.

Sabriye Yazici et al. (2011) tested twenty three bacterial isolates to
investigate their ability to protect the tomato plant against early blight disease.
Paenibacillus macerans-GC subgroup A, Serratia plymuthica, Bacillus coagulans,
Serratia marcescens-GC subgroup A, Bacillus pumilis —-GC subgroup B and
Pantoea agglomerans bacterial isolates reduced the disease severity of early blight

significant when compared with control.

Moges et al. (2012) evaluated the antagonistic effect of some rhizospheric
bacteria (bio-control agent) against A. solani. Five local antagonistic bacteria such

as Pseudomonas fluorescens TK-1, P. fluorescens TK-3, Bacillus subtilis TK-4, P.
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fluorescens TK-8, and P. fluorescens TK-10 were selected. Experiment revealed
that the P. fluorescens TK-3 was found best bio-control agent with increase plant
height by 35.20% and biomass by 52.28%. The efficacy test results clearly
indicated that the indigenous strain, P. fluorescens TK-3 followed by Bacillus
subtilis TK-4 was an efficient bio-control agent against A. solani with antagonistic

activity.

Sundaramoorthy and Balabaskar (2012) developed an effective eco-friendly
strategy to manage early blight disease of tomato caused by Alternaria solani using
endophytic and plant growth promoting rhizobacteria. Strains of Bacillus subtilis
(EPCO16 and EPC5) and Pseudomonas fluorescens (Pf, Pyl5 and Fp7) were
tested alone and in combination for their effectiveness against early blight.
Significant reduction was found in early blight incidence of tomato due to the
combined application of EPCO16+Pf1.

Bellishree et al. (2015) tested efficacy of four bio-agents, Trichoderma
harzianum, Chaetomium sp., Bacillus subtilis and Pseudomonas fluorescence to
mitigate Alternaria solani. Subsequently B. subtilis and T. harzianum reduced the

disease severity of early blight significantly when compared with control.
2.13.3 In vivo efficacy of fungicides against Alternaria solani

Vloutoglou et al. (2001) tested the efficacy of Mancozeb (0.14% a.i.),
Iprodione (0.075% a.i.), Prochloraz (0.025% a.i.), Chlorothalonil (0.15% a.i.) and
Azoxystrobin (0.025% a.i.) on spray inoculated tomato plants with spore
suspension of Alternaria solani as a protective and curative application. They were
found effective when the fungicides were applied one day prior to inoculation with
reduction in disease severity by 91-100% and defoliation by 100% as compared to
untreated control. Prochloraz, Azoxystrobin and Iprodione showed the greatest
curative activity, especially when they were applied to one day prior to inoculation

(reduction in disease severity by 71-98%, in defoliation by 75-100%).

Bernat (2004) reported the efficacy of a newer fungicide Pytonconsento
450SC in controlling early blight (Alternaria solani and A. alternata). The
fungicide effectively reduced the development of early blight (40-61%) compared
with the untreated control.



23

Patel and Choudhary (2010) reported the efficacy of foliar spray of contact
fungicide Mancozeb 75WP (0.2%) against A. solani which was gave maximum
fruit yield (245.30gha™). Among systemic fungicides Difenconazole (0.1%) was
effective in controlling the disease.

Horsfield et al. (2010) conducted series of experiments to evaluate
fungicide use strategies for the control of early blight (Alternaria solani).
Significant reduction in foliar disease of potatoes in Australia was reported with
the application of Azoxystrobin and Difenoconazole.

Sahu et al. (2013) conducted an experiment to evaluate the efficacy of some newer
molecules like Pyraclostrobin, Boscalid, and their combination Maccani, Pristine and
commonly used chemicals viz., Mancozeb, Copper Oxychloride and Chlorothalonil against
early blight of tomato. All fungicide treatments reduce the disease severity as compared to
untreated check. Pristine 38%WG @ 64+126g a.i./ha  was significantly reduced the
disease (31.88%) followed by maccani 16%0WG @ 60+180g a.i./ha (33.31%).

2.14 Integrated management of early blight caused by Alternaria

solani

Afroz et al. (2008) an experiment conducted to determine the effective of
eco-friendly management practices against major fungal diseases of tomato. There
were 10 treatments viz. T1 = BAU - Biofungicide + Sanitation + Neem (3), T2=
MOC (Mustard oil cake) + Neem (2) + Karmacha, T3 = BAU-Biofungicide +
Neem + Karmacha (2), T4 = BAU-Biofungicide + Karmacha (2) + Mahogony, T5
= BAU-Biofungicide + MOC + Neem + Karmacha + Mahogony, T6 = MOC +
Karmacha + Mahogony (2), T7 = BAU - Biofungicide + MOC + Neem +
Mahogony (2), T8 = MOC + Sanitation + Neem (3), T9 = BAU - Biofungicide +
MOC + Karmacha + Mahogony + Sanitation and T10 = control. Among the above
treatments, treatment T6, T7, T8 and T9 exhibited more or less equally effective
against the early blight disease.

Sallam (2011) studied the effect of six plant extracts and some fungicides
against Alternaria solani in vivo. The greatest reduction of disease severity was
achieved by Redomil Plus 74.2% followed by A. sativum @ 5% and the smallest
reduction was obtained when tomato plant was treated with O. basilicum @1 and



24

5% (46.1 and 45.2%, respectively). Fungicide, D. stramonium and A. sativum at

5% increased in fruit yield 85.7, 76.2 and 66.7% compared to infected control.

Ganie et al. (2013) developed an effective management strategy for early
blight of tomato. Seed treatment with Mancozeb 75WP (0.3 %) + foliar spray with
Hexaconazole 5 EC (0.1%) + foliar spray with dhatura (5.0%) + foliar spray with
Trichoderma harzianum (1 x 10 spore mI™) were highly effective in reducing the

disease severity.

Tewari and Vishunavat (2012) evaluated fungicides along and with cultural
practices to develop an effective management strategy for early blight of tomato.
Thiram was found to be the best for seed treatment as it enhanced the germination
and reduced seedling infection. Cultural practices (inter cropping with marigold,
mulching and stacking) when integrated with fungicides reduced the percent

disease index and increased the yield.

Soni et al. (2015) evaluated bionano formulation (Cu-chitosan) in
integration with fungicide and botanicals to develop effective management
strategies against early blight of tomato caused by Alternaria solani. Under pot
study the integration of three component; Cu- chitosan 0.1% as seed treatment with
spray of Mancozeb @ 0.25% and neem oil @ 2% was found best that gave
maximum efficacy of disease control (43.01 and 50.81%) with minimum PDI
mean (27.50 and 30.38%), respectively, at first and second spray of the treatment

as compare to inoculated control.

Rani et al. (2017) developed integrated disease management module for
early blight of tomato. Fungicides, plant extracts and bio agents were integrated in
different treatments and applied in field with varying spray schedules
consecutively for two seasons. It was observed that treatment comprising of
Mancozeb (0.25%), Datura (50%) and T. harzianum S.T (1x10’ spores ml™)
reduced disease intensity up to 84.00% followed by treatment comprising of
Mancozeb (0.25%) and T. harzianum S.T (1x10" spores ml™) which reduced
disease intensity to 82.33%.
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CHAPTER-II
MATERIALS AND METHODS

The experiments pertaining to the “Studies on Alternaria solani causing
early blight disease in tomato (Lycopersicon esculentum Mill.)” were carried out
during Rabi 2016-17 at S.K. College of Agriculture and Research Station (Indira
Gandhi Agriculture University, Raipur), Kawardha (District — Kabirdham) —
491995 (C.G.). The details of materials used and the methodology adopted in the
present investigation are briefly described below:

3.1 Experimental site

All the experiments in vitro and in vivo were conducted in the laboratory of
the Department of Plant Pathology, S.K. College of Agriculture and Research
Station, Kabirdham (C.G.) during Rabi 2016-17. It is situated at 22.02 degree north
latitude and 81.25 degree east longitude.

3.2 Climate

Kabirdham district of Chhattisgarh has sub humid agro climatic condition.
The average rainfall of this region is 800-850 mm, out of which about 88 percent is
received during rainy season (June-September) and 12 percent during winter
season (October-February). The rainfall pattern has a great variation during rainy
season from year to year. Month May is the hottest and December is the coldest
month of the year. During summer season highest day temperature is range
between 29°C to 45°C.

3.3 Materials and instruments used in the investigation

The glassware’s, plasticware’s, blotting paper and chemicals of standard
trade marks were used during the course of the investigations. All the glassware’s,
plasticware’s, polythene bags, ethyl alcohol, formalin, chemicals, different
fungicides and other materials were obtained from Department of Plant Pathology,
S.K. College of Agriculture and Research Station, Kawardha (Distt.-Kabirdham),

25
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Chhattisgarh. During the course of investigation the following tools/instruments

were used for various purposes:

Autoclave for sterilization.

BOD incubator for incubation of pathogen.

Compound microscope for identification of pathogen.

Hot air oven for glassware’s sterilization.

Laminar Air Flow for isolation and purification of pathogen.

Electronic Digital Balance for weighting of chemicals and other materials.
Forceps, needles, blades, cork borer & inoculation needle.

Spirit lamp for sterilization.

© © N o gk~ wDdh -

Microwave oven for preparation and melting of media.
10. pH meter for measurement of pH of culture media.
11. Micro pipette etc.
3.4 Survey on severity of early blight of tomato in different
districts of Chhattisgarh
An intensive roving survey was conducted during Rabi 2016-17 in five
districts of Chhattisgarh viz. Kabirdham, Durg, Bemetara, Rajnandgaon and
Mungeli to know the intensity of early blight disease on tomato. Four villages were
randomly selected from each district where the tomatoes were grown. Details are

given in table 3.1.
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Table 3.1: Details of districts and village selected for survey

S. District Village

=z
o

Sangwakapa
_ Ramgarha
Mungeli )
Saleghori
Dendori
Khadhauda
. Samnapur
Kabirdham
Mohganw
Mainpuri
Lalpur
Patharikala
Bemetara o
Pipariya
Bhalesar
Kalegondi
_ Mushra
Rajnandgaon
Dhara
Bundela
Khapari
Kodiya
Durg
Arasnara

Kutha

A oD BEPE MO DD E R ODE B D P AN R

Disease intensity of early blight was recorded in same tomato fields in the months
of October, November, December, January and February 2016-17. Five places
were marked in the field (four from each corner and one in the center). Severity of
early blight was assessed from 20 plants excluding those plants in the border lines
as per procedure described by Enikuomehin and Peter (2002). Disease severity was
measured by using 0-5 scale with modification described by Pandey et al. (2003)
(Plate 3.1).
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Rating Reaction Description

0 Free from infection

1 One or two necrotic spots on a few lower leaves of plants, covering nearly 1-10% of the surface
area of the plant

2 A few isolated spots on leaves, covering nearly 11-25% of the surface area of the plant

3 Many spots coalesced on the leaves, covering 26-50% of the surface area of the plant
Irregular, blighted leaves and sunken lesion with prominent concentric rings on the stem petiole,

4 fruit, covering 51-75% leaf area of the plant.

5 Whole plants blighted, leaf and fruits starting to fall, covering more than 75% leaf area of plant.

Plate 3.1: Description of disease rating scale for early blight
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Table 3.2: Description of disease rating scale for early blight (Pandey et al.,

2003)
Rating Reaction Description
0 Free from infection
One or two necrotic spots on a few lower leaves of plants,
! covering nearly 1-10% of the surface area of the plant
A few isolated spots on leaves, covering nearly 11-25% of the
g surface area of the plant
Many spots coalesced on the leaves, covering 26-50% of the
3 surface area of the plant
Irregular, blighted leaves and sunken lesion with prominent
4 concentric rings on the stem petiole, fruit, covering 51-75% leaf
area of the plant.
. Whole plants blighted, leaf and fruits starting to fall, covering

more than 75% leaf area of plant.

Percent Disease Index (PDI) was worked out by using formula given by

Wheeler (1969).

Percent disease index (PDI) =

Sum of individual disease ratings

X100

Total No.of plant examined X Maximum No.of disease rating

Area under the disease progress curve (AUDPC) was calculated by using

following formula:

Where,

X; =

n
AUDPC = Z[O-S(xi-H +x)[tip1+t]]
i—1

Cumulative disease severity expressed as a proportion at the i observation

t; = Time (days after planting) at the i observation

n = Total number of observations
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3.5 Studies on Cultural and pathogenic variability of Alternaria
solani isolates

3.5.1 Collection of diseased sample

Tomato leaves showing typical early blight symptoms were collected from
growing tomato plants from different tomato growing district viz. Kabirdham,
Durg, Bemetara, Rajnandgaon, Mungeli, Bilaspur and Raipur district of
Chhattisgarh during crop season.

3.5.2 Isolation and identification of pathogen

Standard tissue isolation technique was followed to obtain A. solani culture
described by Naik et al. (2010). The leaves were microscopically examined to
confirm the presence of the fungus. After confirming for the presence of fungal
spores, isolation was done by following standard tissue isolation method as

described below.

1. The infected leaves were brought to laboratory and cut into small bits
measuring about 2mm.

2. Surface of spaceman was sterilized with 0.1% mercuric chloride (HgCl,)
solution for 1 minute and wash thrice with sterile distilled water.

3. Then one piece of specimen was transferred on Potato Dextrose Agar (PDA)
medium in the center of Petri dish.

4. These petri dishes ware incubated under B.O.D. incubator at 25+2°C.

5. Pure culture of the A. solani was obtained by hyphal tip culture and single
spore culture technique.

6. The isolates collected from various places were designated as follows:
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Table 3.3: Description of A. solani isolates isolated from different place

SI. No Location Designation
1. Village - Arasnara, District - Durg AS;
2. Village - Pipariya, District - Bemetara AS;
3. Village - Saleghori, District - Mungeli AS;
4. Village — Sakari, District - Bilaspur AS,
5. Village - Kalegondi, District - Rajnandgaon ASs
6. Village - Khadhauda, District - Kabirdham ASg
7. Village — Horticulture Farm, IGKV, Raipur AS;

3.5.3 Purification of A. solani isolates

The culture was purified by both hyphal tip method (Pathak, 1972) and single
spore technique described by Johnston and Booth (1983). As soon as the mycelial
growth was observed in Petri plates, advancing hyphal tips growing out of tissue
segments were cut off with sterilized inoculation needle and transferred to potato
dextrose agar slants for further growth. In case of single spore technique 2 to 3
drops from spore suspension prepared from 10 days old culture with sterilized
distilled water. Later 1 ml of suspension was spread on the surface of plain agar
medium in Petri plates and incubated at 25+2°C for 24 h. The plates were observed
for germinating spores under stereoscopic microscopic and finally germinating
spores were lifted by inoculation needle and transferred aseptically to potato

dextrose agar slants for further growth.

3.5.4 Maintenance of cultures of A. solani isolates

The pure cultures obtained were maintained by repeated sub-culturing at an
interval of 30 days for further studies. The stock cultures of all isolates grown on

PDA slants were stored at 5°C in refrigerator.
3.5.5 Identification of Alternaria solani causing early blight disease in tomato

Spores of Alternaria solani were taken from the pure culture and mounted on the
clear glass slide. Spores were mixed with thoroughly with lactophenol in order to

obtain a uniform spread over slide and covered with cover slip. The spores and



32

hyphae of the fungus were observed under compound microscope. Alternaria
solani was identified following the cultural and morphobiometric characteristics

criteria as per described by Ellis (1971).

3.5.6 Pathogenicity test of early blight pathogen

In order to confirm the identification of early blight disease and its causal agent,
the pathogenicity test was carried out under open condition in pot. Four 30 days
old seedlings of Pusa Ruby tomato variety were transplanted into the pots. Three
replications were maintained for each isolate and three seedlings of tomato were
growing in each replication. For each isolate of the A. solani, 10-days old culture
grown on PDA was added to 100 ml sterile distilled water and shake properly to
release conidia. The suspension was filtered using cheese cloth to remove PDA.
The conidial suspension at 3x10° spore’s ml™ of the isolates was prepared. The
spore suspension was sprayed on tomato plants 20 days after transplantation of
seedlings and the inoculated tomato plants were sprayed with sterilized water for 2
days to retain optimum humidity. The symptoms were observed on A. solani
isolates inoculated plants and compared with the original symptoms of early blight.
The pathogen was re-isolated from artificially inoculated tomato leaves and the

morphological and cultural characteristics were compared with original pathogen.

3.5.7 Studies on cultural variability among the A. solani isolate causing early

blight disease in tomato

The variability of representative isolates of A. solani was studied on various
parameters of cultural characters such as colony colour, substrate colour,
topography, thickness of mycelium mat, colony diameter, dry weight of mycelium,
type of margin, and sporulation on potato dextrose agar (PDA). All culture
parameters of each isolate on PDA medium were recorded 10 days after incubation
by visual observation except colony diameter and sporulation. Colony diameter
was recorded in each isolate at 48, 96, 144, 192 and 240 hours after inoculation.
Linear growth of the colony was measured with the help of fine transparent plastic
scale in millimeter. In case of sporulation, sporulation was observed from 10 days
old culture of each isolate by making the spore suspension. A single block of 5 mm
diameter was cut out from the fungal colony near the margin by sterilized cork
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borer and was transferred to 5 ml sterile distilled water in a test tube, where it was
mixed thoroughly to make a uniform spore suspension. One small drop of spore
suspension was taken on a slide and average spore count of three microscopic
fields under low power (10X) objective of the microscope. Sporulation was

categorized as below:

No. of spore per microscopic field Designation
0 - (nil)
1-10 + (poor)
11-20 ++ (moderate)
21-30 +++ (good)
31 and above ++++ (excellent)

3.5.8 Studies on morphological variability among A. solani isolate causing

early blight disease in tomato

Potato dextrose agar (PDA) medium were prepared as suggested by
Ainsworth (1961) and used for the cultural studies of A. solani isolates. Twenty
millimeter of medium was poured into 90mm diameter petri plates. After
solidification 5mm discs from 7 days old cultures of each isolate of A. solani were
cut by using a cork borer and were placed at the centre of the plate. Each set of the
experiment was replicated thrice and the plates were incubated at 25+2°C for 10
days. The size of conidia, beak length of conidia, width of conidia, number of
horizontal and vertical septa were recorded from each isolates at 10 days after
inoculation. The photographs of the conidia were taken and measurement of
conidia was done with the help of ocular and stage micrometer.

3.5.9 Studies on pathogenic variability among A. solani isolate causing early

blight disease in tomato

Pathogenic variability of seven isolates of A. solani was studied by applying
detached leaf technique. The spore suspension (3 x 10° spore ml™) of each isolate
was separately prepared from 10 days old pure culture of the representative
isolates. Healthy growing nine tomato plants were inoculated at room temperature

by spraying of spore suspension of each isolate. Observations on first appearance
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of symptoms, disease severity and typical symptoms were recorded. Based on
these characteristics, the test isolates were categorized as highly virulent,
moderately virulent and a mildly virulent. To study the virulence potential
variability of each isolate, the disease severity was continuously measured at 7
days intervals after inoculation. Disease severity was recorded using 0-5 disease
rating scale described by Pandey et al. (2003) with little modifications. Percent
disease index (PDI) for each isolate were calculated as per formula described

earlier.

3.6 Effect of different culture media on A. solani isolates

3.6.1 Effect of solid culture media on A. solani isolates

The experiment was conducted to find out the effect of different culture
media on cultural characteristic of A. solani isolates. Twenty ml of each medium
was poured in each 90mm petri plates. Five mm disc of fungus culture was cut
with the help of sterilized cork borer from the margin of 7 days old pure culture of
Alternaria solani grown on PDA. One disc of the culture was placed in inverted
position in the centre of each petri plates. The petri plates were incubated at
25+2°C. Three replications were maintained for each medium and each isolate. The
following solid media were used during the investigation. Details of composition

and preparation procedure of culture media are given below:

Potato Dextrose Agar Medium (PDA)

Tomato Leaf Extract Agar Medium (TLEA)

Corn meal Agar Medium (CMA)

Malt extract Agar Medium (MEA)

Glucose Peptone Yeast Agar Medium(GPYA)
Asthana and Hawker’s Medium (AH)

Yeast Powder- Soluble Starch Agar Medium (YPSS)
Oat meal Agar Medium (OMA)

Waksman’s Medium (WM)

10. Potato + CaCoz Agar Medium (PDA+ CaCog)

11. Martin’s Medium (MM)

12. Czapek’s Dox Agar Medium (CDA) Mineral Agar Medium (MA)

© 0o N o g Bk~ wbhPE
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Water Agar Medium (WA)

1. Potato Dextrose Agar Medium:

Composition:
Potato : 200g
Dextrose ; 209
Agar : 209
Distilled water: 1000 ml

Procedure: Potato slices were boiled in 500 ml distilled water for 30 minutes and
filtered through muslin cloth. Agar (20 g) was melted by adding 500ml distilled
water. Both were mixed thoroughly and added 20 g of dextrose. Finally volume

was made 1000ml using distilled water and autoclaved at 15 Ib psi for 20 minutes.

2. Tomato Leaf Extract Agar Medium:

Composition:
Healthy tomato leaves(Green) : 200 g
Agar : 209
Distilled water : 1000 ml

Procedure: Green tomato leaves (200 g) were boiled in 1000 ml of water for 30
minutes. Extracts was collected by filtering through muslin cloth. The agar was
added in the filtrate. Finally volume was made to 1000 ml and sterilized in

autoclave at 15 Ib psi for 20 minutes.

3. Corn meal Agar Medium:

Composition:
Corn meal : 209
Agar : 15¢
Distilled water : 1000 mi

Procedure: Added the 20 g corn meal to the 1000 ml water and simmer for 30
min. Filtered through double layers of cheesecloth. Added the 15 g agar powder to
the filtrate and boiled up to milting of agar. Then maintain the 1000 ml volume

with distilled water, then autoclave for 20 min at 15 Ib psi on slow exhaust.
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4. Malt extract Agar (Blakeslee’s formula):

Composition:
Malt extract : 209
Glucose : 5¢
Peptone : 19
Agar : 209
Distilled Water : 1000 ml

Procedure: Suspended 20 g malt extract, 5g glucose, 1 g peptone and 20 g agar-
agar in one liter of distilled water. Mixed well and heated with frequent agitation
up to boiling point for milting of agar. Sterilized in an autoclave at 121°C (15 Ib
psi) for 20 minutes.

5. Glucose Peptone Yeast Agar:

Composition:
Glucose : 409
Peptone ; 5g
Yeast extract ; 5g
Agar : 159
Distilled Water : 1000 ml

Procedure: Suspended 40 g glucose, 5g peptone, 5g yeast extract and 159 agar-
agar in 1000 ml distilled water. Milt the agar by heating the suspension. Then

media was sterilized at 121°C in autoclave for 20 minutes.

6. Asthana and Hawker’s Medium:

Composition:
Potassium Nitrate (KNO3) : 3.509
Potassium Monobasic Phosphate (KH,PQO,) : 1.75g
Magnesium Sulphate (MgSQO,.7H,0) X 0.75¢
Glucose : 5¢
Agar : 209

Distilled Water : 1000ml
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Procedure: Suspended all the components except agar in 500 ml distilled water.
Added the agar in 500 ml and heated for milting of agar. Then both the mixed
together and make the volume 1000 ml by adding distilled water. Later media was

sterilized at 121°C in autoclave for 20 minutes.

7. Yeast Powder- Soluble Starch Agar:

Composition:
Potassium Monobasic Phosphate (KH,PO,) 1gm
Magnesium Sulphate (MgSQO,4.7H,0) : 0.5g
Starch (Soluble) : 15¢
Yeast extract : 4q
Agar : 159
Distilled Water : 1000ml.

Procedure: All the above ingredients except agar were dissolved in 500 ml water
and agar was milted in 500 ml distilled water. Both solutions were mixed
thoroughly and the volume was made to 1000 ml by adding distilled water and
then sterilized.

8. Oat meal Agar Medium:

Composition:
Rolled oats : 409
Agar : 209
Distilled water : 1000 ml

Procedure: Rolled oat was boiled in 500 ml distilled water for 30 minutes, filtered
through muslin cloth and agar was melted in 500 ml distilled water. Two solutions
were mixed and the volume was made to 1000 ml by adding distilled water and

then sterilized.

9. Waksman Medium:
Composition:

Potassium Monobasic Phosphate (KH,PQO,) : 19
Magnesium Sulphate (MgSQO,.7H,0) X 0.59



Glucose
Peptone

Agar

Distilled Water
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10g

59

209
1000ml

Procedure: All the above ingredients except agar were dissolved in 500 ml water

and agar was milted in 500 ml distilled water. Both solutions were mixed

thoroughly and the volume was made to 1000 ml by adding distilled water and

then sterilized in autoclave at 15 Ib psi for 20 minutes.

10. Potato+CaCoz Agar Medium:

Composition:
Potatoes 20g
Cacos 39
Agar 209
Distilled Water 1000 ml.
Procedure: As described in PDA.
11. Martin’s Medium:
Composition:
Glucose 10g
Peptone 59
Potassium Monobasic Phosphate (KH,PO,) : 1g
Magnesium Sulphate (MgSQO,4.7H,0) 0.5g
Yeast extract 0.5¢
Streptomycin sulfate 30mg
Agar 159
Distilled Water 1000 ml.

Procedure: All the above ingredients except agar were dissolved in 500 ml water

and agar was milted in 500 ml distilled water. Both solutions were mixed

thoroughly and the volume was made to 1000 ml by adding distilled water and

then sterilized in autoclave at 15 Ib psi for 20 minutes.
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12. Czapek’s Dox Agar:

Composition:
Sodium nitrate (NaNo3) : 29
Potassium dihydrogen phosphate (K2HPO4): 19
Magnesium sulphate (MgSO4. 7H,0) : 0.5g
Ferrous sulphate (FeSO4. 7 H20) : 0.01g
Sucrose (C12 H22011) : 20g
Agar : 209
Distilled water : 1000 ml

Procedure: Agar was melted in 500 ml distilled water and rest of the ingredients
was thoroughly dissolved in 500 ml distilled water. Both the preparations were
mixed and the final volume was made up to 1000 ml and then autoclaved.

13. Mineral Salt Agar Medium:

Composition:
Sodium Nitrate (NaNO3) : 29
Magnesium Sulfate (MgSO,) : 0.5g
Potassium Chloride (KCI) : 0.5g
Ferrous sulphate (FeSO4. 7 H20) : 0.01g
Potassium Monobasic Phosphate (KH,PO,) : 0.14g
Potassium dihydrogen phosphate (K2HPO4): 129
Yeast extract ; 0.02g
Agar : 159
Distilled Water : 1000 ml.

Procedure: Agar was melted in 500 ml distilled water and rest of the ingredients
was thoroughly dissolved in 500 ml distilled water. Both the preparations were
mixed and the final volume was made up to 1000 ml. Adjusted the pH to 7.2. and

then autoclaved.

14. Water Agar:

Composition:

Agar : 209
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Distilled Water : 1000ml.

Observation recorded: Following observations were recorded in each isolates of
A. solani on different culture media:

1. Colony diameter at 48 hrs intervals
Colony colour
Substrate colour
Growth pattern
Margin colour
Topography

Thickness of mycelium mat
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Sporulation
3.6.2 Effect of different liquid culture medium on A. solani isolates

The experiment was conduct to find out the best broth for biomass
production of Alternaria solani. Hundred mililiter of different liquid medium
(Broth) were taken in sterilised flask. Then these flasks were sterilized at 15 Ib psi
(121°C) for 20 minutes in autoclave and allowed to cool. One disc of 5 mm of
seven days old A. solani culture was inoculated in each flask. Three replication
were maintained for each treatment and kept for incobation at 25+2°C. Flasks were
harvested after 10" day of inoculation. The culture was filtered through Whatman
No.1 filter paper. Before filtering, the filter papers were dried to a constant weight
by drying in hot air oven at 50°C. The mycelial mat on the filter paper was
thoroughly washed with distilled water and dried in hot air oven at 50°C. The filter
paper with mycelium mat was weighed in a digital electronic balance. The thirteen
liquid media (Broth) were used during the investigation for determine the biomass
production of A. solani isolates. Composition and preparation procedure of broth
are similar to solid media except in addition of agar in solid media. The names of

liquid media used in the experiment are given below:

1. Potato Dextrose Broth
2. Oat Meal Broth

3. Tomato Leaf Broth

4. PDA + CaCOg Broth
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Corn Meal Broth

Glucose Peptone Yea extracts Broth
Malt Extracts Broth

YPSS Broth

Czapek Dox Broth

10. Martin's Broth

11. Mineral Broth

12. Waksman's Broth

13. Asthana & Hawkar's Broth
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Observation recorded: The observation of dry biomass different isolates was
recorded on different liquid culture media. The weight of dry mycelium mat was
recorded and the data were statistically analyzed.

3.7 Studies on effect of physiological factor on Alternaria solani

3.7.1 Effect of pH on Alternaria solani

The effect of pH levels such as 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 and
8.5 were tested to determine influence of pH levels on growth characteristics of
Alternaria solani isolate AS—6 on potato dextrose agar medium. The pH of the
medium was adjusted before sterilization with the help of digital pH meter by
addition of 0.1N HCL and 0.1N NaOH. Twenty ml of medium was poured in each
Petri plates. Culture discs of 5mm were cut with the help of sterilized cork borer
from the margin of 7 days old pure culture of Alternaria solani isolate grown on
PDA. One disc of the culture was placed in inverted position in the centre of each
petri plates. These petri plates were incubated in the BOD incubator at 25+2°C.

The three replications were maintained for each pH level.

Observation recorded: Observation on mycelium diameter was measured with
the help of scale at the time of full growth of fungus was observed in any one of
the petri plates inoculated. Dry weight of mycelium was also recorded as per
standard procedure. Numbers of spore were also counted per microscopic field

with the help of compound microscope as per procedure described earlier.
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3.7.2 Effect of temperature on Alternaria solani

The experiment was conducted to find out the most suitable temperature for
growth of Alternaria solani isolate AS—6. Twenty ml of medium was poured in
each petri plates. Five mm discs were cut with the help of sterilized cork borer
from the margin of a 7 days old pure culture of Alternaria solani isolate AS-6
grown on PDA. One disc of the culture was placed in inverted position in the
centre of each petri plates. The petri plates were incubated at 15°C, 20°C, 25°C,
30°C, 35°C and 40°C. Three replications were maintained for each treatment.

Observation recorded: Observation on radial growth of mycelium was measured
by the help of scale at the time of full growth observed in any one of the petri
plates inoculated. Numbers of spore were also counted per microscopic field by the
help of compound microscope.

3.8 In vitro evaluation of fungicides, bio-control agents and plant
extracts against Alternaria solani
3.8.1 In vitro evaluation of fungicides against Alternaria solani causing early

blight disease in tomato

The poisoned food technique (Falck, 1907) was followed to evaluate the
efficacy of six systemic fungicides against A. solani at five concentrations.
Fungicides were added to the potato dextrose agar medium before sterilization as
per treatment detail. Five mm disc of A. solani isolate AS-6 was taken from seven
days old culture and placed at center of petri dish. The activity of fungicides were
recorded by measuring the colony diameter of A. solani in each treatment and

compared with control. Treatment details are given below:
Treatments details
Fungicides:

F1 = Trifloxystrobin 25% w/w + Tebuconazole 50%WG
F, = Difenconazole 25% EC

F3 = Hexaconazole 5 % SC

F,= Propineb 70 WP

Fs = Azoxystrobin 23%SC
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Fe = Thiafluzamide 24%SC

F7 = Control
Concentrations ; 50, 100, 250, 500 and 1000 ppm.
Replications ; Three
Design : CRD

3.8.2 In vitro evaluation of bio-control agents against Alternaria solani causing
early blight disease in tomato

Bio-control agents were evaluated for their efficacy against A. solani using
dual culture technique. Twenty ml of PDA was poured into 90 mm diameter petri
dishes and allowed to solidify. Five mm disc of A. solani was taken from seven
days old culture and placed at one end of petri dish. Respective antagonistic
organism (5mm disc) was also inoculated at the opposite side of same petri plate.
In case of bacterial antagonist A. solani was placed at center of the petri plates and
bacterial culture was streaked triangular at the centre of Petri plates. Each
treatment was replicated five times and incubated for at 25+2°C. The activity of
antagonistic organisms were recorded by measuring the colony diameter of A.
solani in each treatment and compared with control. Details of bio-control agents

are as follows:
Details of bio-control agents:

B, =Trichoderma harzianum

B, =Tricoderma viride

B3 =Pseudomonas fluorescens

B, = Control
3.8.3 In vitro evaluation of plant extracts against Alternaria solani

Tested efficacy of plant extracts against Alternaria solani using poisoned
food technique under in vitro conditions (Nene and Thapliyal, 1993). Fresh healthy
plant parts of 100 g (leaves/fruit/bulb) were collected from field, then they were
washed with tap water, air dried and crushed in 100 ml of sterile water. Potato
dextrose agar medium was used as nutrient medium and required quantity of each
plant extract was added separately to get a required concentration of the plant

extract. The plant extract were thoroughly mixed with PDA medium and sterilized
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at 121°C for 20 minutes. Twenty milliliter of poisoned medium was poured to each
of the 90 mm petri dishes and allowed for solidification. Simultaneously without
plant extract PDA was poured in petri dishes as control. Actively growing
periphery of the 7 day old culture of A. solani was carefully cut using a cork borer
and transferred aseptically to the centre of each petri dish containing the
poisoned/non-poison solid medium. The plates were incubated at 25+2°C. Each

treatment was replicated three times. Details of treatments are given below:
Treatment details:

P, = Datura stramonium (Dhatura) green fruit extract

P, = Azadirachta indica (Neem) seed kernel extract

P3 = Allium sativum (Garlic) bulb extract

P4 = Eucalyptus spp. (Eucalyptus) dry leaf extract

Ps = Crotalaria juncea (Sunhemp) seed extract

Ps = Euphorbia hirta (Bara Dudhi) whole plant extract

P, = Control
Concentrations : 1,2, 3,4and 5%
Replications : Three
Design : CRD

Observation recorded: The radial growth of the fungus on the poisoned medium
was recorded at time of mycelium growth reached 90 mm in control. Per cent
inhibition of mycelium growth of the fungus was calculated by using the formula
described by Vincent (1927).

(C-T)

[ =
C

X100

Where,
| = Per cent inhibition
C = Radial growth in control

T = Radial growth in treated (fungicide/ botanicals/ bioagents).



45

3.9 Development of integrated management strategies for the

control of early blight disease in tomato

3.9.1 Soil of the experimental field

Soil of the experimental field was clay in nature (Vertisols) locally known
as Kanhar. The soil was slightly acidic with a pH of 6.5. It had low nitrogen and

medium phosphorus and potassium contents.
3.9.2 Field preparation and application manure and fertilizers

Field preparation was done with the help of cultivator. Prior to ploughing
well decomposed FYM @ 10t ha™ was incorporated uniformly in the soil.
Recommended dose of fertilizers viz. 150:60:60 NPK were given through urea,

single super phosphate and murate of potash, respectively.
3.9.3 Nursery raising

Nursery beds of 10 x 1 m? were prepared in well ploughed and leveled field
per treatment. A well rotten FYM @ 5kg per nursery bed was added to soil and
mixed properly. Seed of variety were treated with Propineb @ 3g Kg™ was sown in
lines. For control it was sown without treatment. The beds were covered with
paddy straw (mulch). The beds were irrigated by hand sprinkler in morning and in

the evening.
3.9.4 Experiment layout

The experiment was laid out in Randomized Block Design with eight

treatments and three replications (Fig 3.1).
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Figure 3.1: Layout of field experiment on management of early blight in

tomato
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3.9.5 Experimental details

Number of treatments : Eight
Treatment Details:

T, = Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @ 0.1% (FS)

T, = Propineb @ 3g /kg (ST) + (Trifloxystrobin 25% + tebuconazole
50% WG@ 0.05%) (FS)

T3 = Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @ 0.1% (FS) +
Pseudomonas florescence @ 1x 10° (FS)

T4 = Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole
50% WG @ 0.05% (FS) + Pseudomonas florescence @ 1x 10°
(FS)

Ts = Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole
50% WG @ 0.05% (FS) + NSKE @5% (FS)

Te = Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @ 0.1% +
NSKE @5% (FS)

T7 = Propineb @ 3g /kg (ST) + NSKE @ 5% (FS) + Pseudomonas
florescence @ 1x 10°

Tg = Control (water only)

Variety : Pusa Ruby

Replications : Three

Design : RBD

Spacing : 60 x 45 cm

Plot size : 4.8Mx3.60M

Dates of sowing and treatment applications
1. Date of sowing : 11.09.16
2. Date of transplanting X 15.10.16
3. Date of first foliar spraying : 15.11.16
4. Date of second foliar spraying 22.11.16

3.9.6 Time and method of application

Seed of variety Pusa Ruby ware treated with Propineb @ 3g Kg™ seed
before sowing. After the transplanting foliar spray (FS) of fungicide/P.
fluorescens/plant extracts were applied as per treatment details. First spray of
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respective fungicides was given after 30 days of transplanting in all the treatments
except in treatment T; where sprayed NSKE @ 5% instead of fungicide. In case of
treatment T3, T4 and T7, Pseudomonas fluorescens was sprayed as a second spray
after 7 days of first spray, whereas in treatments T5 and T6 NSKE @ 5% was
sprayed as a second spray. In control plot plants were sprayed with water as first

and second spray.
Observation recorded:

1. Disease intensity
Ten plants were selected randomly in each treatment and observation on
severity of the disease on the foliage was recorded at 15, 30, 45, 60, 75 and 90
days after first spray using 0-5 disease rating scale (Pandey et al., 2003).
Percent Disease Index (PDI) and area under disease progress curve (AUDPC)
was calculated using formulas described earlier.
2. Fruityield
Picking of fruits was done at the time of ripening. Total ten picking in
management trial were done. Total weight of tomato fruit harvested per plant,
per plot from all the pickings was calculated. Finally the yield tons per hectare
was work out. The per cent avoidable number of fruits, fruit yield losses were

calculated in all the treatments as follows:
Avoidable loss (%) = T%CX 100

Where,

T = No. of fruits/fruit yields in treatment.
C = No. of fruits/fruit yields in control.

3. Economics and statistical analysis

Cost benefit ratio of different treatments were worked out as per the rates of
input applied for the disease management and wages prevailing during the course

of the study.
3.10 Statistical analysis

Present experimental data was analyzed statistically by techniques of

analysis of variance applicable RBD. The significance of treatments was tested by
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F-test value. Critical Value at 5% level of significance was worked out for
comparison and statistical interpretation of significant treatment means. The
standard error of difference was given in each case for significant treatment effect,
critical difference of different treatment combinations per interaction at 5% level of

probability was calculated, wherever F-test was significant.

R e e



CHAPTER-IV
RESULTS AND DISCUSSION

Among the foliar diseases of tomato, early blight caused by Alternaria
solani is one of the major diseases. Hence, investigation on “Studies on Alternaria
solani causing early blight disease in Tomato (Lycopersicon esculentum Mill.)”
was carried out during Rabi 2016-17 at the S.K. College of Agriculture and
Research Station (IGKV, Raipur), Kawardha, C.G. During present investigation,
field observations were recorded to collect information on the occurrence of
disease on tomato in five district of Chhattisgarh around Kabirdham district.
Laboratory studies on cultural and pathogenic variability among the Alternaria
solani isolates and efficacy of fungicides, bio-control agents and plant extracts
against Alternaria solani were undertaken. Further, in field, development of
integrated management strategies for the control of early blight in tomato was also
studied. The results obtained are presented in different sections under various sub-

heads.

4.1 Survey on severity of early blight of tomato in different

districts of Chhattisgarh

An intensive roving survey was conducted during Rabi 2016-17 in
Kabirdham, Durg, Bemetara, Rajnandgaon and Mungeli district of Chhattisgarh
during month of October, November, December 2016, January and February 2017
to know the status of early blight disease on tomato. The data pertaining to percent
disease index (PDI) have been presented in Table 4.1 and revealed that the PDI
was lowest (3.33%) in village Khapri and Arasnara of district Durg during month
of October which was gradually increased with increasing of crop age throughout
the cropping period. It was peak (92.33%) in village Kalegondi of district

Rajnandgaon during month of February (last stage of crops).

Survey data have been presented in table 4.1 indicated that the PDI was

ranged from 3.33 to 8.67%, 8.67 to 22.67%, 17.67 to 38.00, 30.67 to 71.00 and
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40.67 to 92.33 in the month of October, November, December, January and
February, respectively in various village of different district. In district Mungeli,
maximum PDI of (87.33%) was observed in Dendori village followed by
Sangwakapa (83.33%) and minimum PDI was observed in Saleghori village
(75.00%) during month of February. In Kabirdham district, maximum PDI
(85.33%) was recorded in Mainpuri village followed by Khadhauda (80.33%) and
minimum PDI was observed in village Mohgaon (65.67%) during month of
February. However, in Bemetara district, maximum (PDI was ranged from 3.67 to
6.67, 10.67 to 19.33, 20.67 to 33.56, 39.67 to 66.00 and 61.33 to 89.33% in the
month of October, November, December, January and February), respectively in
different villages. In case of Rajnadgaon district, maximum severity of early blight
of 8.67, 22.67, 36.67, 71.00 and 92.33% during month of October, November,
December, January and February, respectively in village Kalegondi and minimum
PDI of 4.33, 12.00, 20.33, 40.00 and 58.67% during month of October, November,
December, January and February, respectively in Bundela village. While, in Durg
district, PDI was ranged from 3.33 to 7.67, 8.67 to 18.67, 17.67 to 38.00, 30.67 to
68.33 and 40.67 to 88.33 in the month of October, November, December, January

and February, respectively.

The data indicated that the disease appeared in severe form in Mungeli
district followed by Rajnadgaon during Rabi, 2016-17. Among the surveyed
district, least average PDI of 4.75, 12.34, 24.75, 44.92 and 58.00 percent were
recorded in Durg district during month of October, November, December, January
and February, respectively. However, highest PDI of 7.42, 30.58, and 80.58
percent was recorded in Mungeli district during month of October, December and
February, respectively. It was highest in the month of November (17.58%) and
January (55.92%) in Rajnandgaon (Fig. 4.1). In case of AUDPC, least AUDPC
(4845) was found in Durg district followed by Bemetara (5646), Kabirdham (5776)
and Mungeli (6046) while, highest AUDPC was found in Rajnandgaon district
(6063) (Fig. 4.2).
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Table 4.1: Severity of early blight disease on tomato in different districts of
Chhattisgarh during Rabi 2016-17

Early blight Intensity (%)

S.No. Village Variety Area
(ha)  Oct. Nov. Dec. Jan. Feb.
A. District -Mungeli
1 Sangwakapa Karishma 045 867 1833 33.67 54.67 83.33
2. Ramgarha Laxmi 5005 0.63 7.33 21.00 29.33 46.33 76.67
3 Saleghori US- 440 079 6.00 1533 31.00 43.67 75.00
4, Dendori Abhishekh 1.82 7.67  14.67 28.33 52.33 87.33
B. District -Kabirdham
1. Khadhauda  Arihant 7007  0.40 5.67 1533 27.33 53.67 80.33
2 Samnapur  Laxmi 5005 048 833 18.67 23.67 50.33 73.67
3. Mohgaon US- 440 0.76 4.67  13.67 20.33 46.67 65.67
4 Mainpuri Laxmi 5005 0.38 3.67 1500 30.67 53.67 85.33
C. District -Bemetara
1 Lalpur Laxmi 5005  0.52 533 16.33 27.33 50.33 82.67
2 Patharikala US- 440 0.82 3.67  10.67 25.67 4156 63.67
3. Pipariya US- 440 073 6.67 1933 3356 66.00 89.33
4 Bhalesar Karishma 161 400 1233 20.67 39.67 61.33
D. District — Rajnandgaon
1 Kalegondi Laxmi 5005 0.36 8.67 22.67 36.67 7100 92.33
2 Mushra 962 0.83 533 1533 23.00 49.33 65.33
3. Dhara Kunal 1.26 7.67 20.33 28.67 63.33 83.67
4 Bundela Kunal 127 433 1200 20.33 40.00 58.67
E. District — Durg
1. Khapari US- 440 1.28 3.33  12.67 2400 45.00 57.67
2 Kodiya Kunal 169 4.67 9.33 19.33 35.67 45.33
3. Arasnara Karishma 712 333 8.67 17.67 30.67 40.67
4 Kutha US- 440 0.76 7.67  18.67 38.00 68.33 88.33
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Present finding was supported with the finding of Sahu et al. (2013). They
conducted survey in Rabi 2012-13 to know the status of early blight diseases in
Abhanpur, Aarang and Dharsiwa block of Raipur district of Chhattisgarh. In entire
growing season disease severity was more in Abhanpur block (51.31%) followed
by Aarang block (49.35%) and least in Dharsiwa block (44.24%). Survey was also
conducted by Kamble et al. (2009) in Konkan region of Maharashtra. They found
major disease was early blight incited by A. solani in tomato and early blight
disease intensity was ranged between 20.78 to 42.30 percent in Raigad district and
35.12 to 55.75 percent in Thane district. Rani et al. (2015) conducted survey
during 2011 and 2012 to diagnose the symptoms of early blight disease of tomato
(Lycopersicum esculentum L.) in all vegetable growing areas of Jammu Division of
Jammu and Kashmir. The disease intensity and incidence were varied from 21.66
to 34.13% and 10.48 to 18.56%, respectively. Pachori and Sharma (2016)
conducted field survey during Kharif season 2014-15 at Gwalior, Bhind and
Morena Districts of Madhya Pradesh to determine status of early blight on tomato.
The percent disease incidence was ranged from 27.50% to 63.36%. The highest
percent disease was observed in research farm (63.36%) of Gwalior District and
minimum percent disease incidence was observed in village Daboha (27.5%) of
Bhind District.

4.2 Symptomatology

The first symptoms of the early blight disease caused by Alternaria solani
on tomato was appeared as small brown water soaked lesions on the older leaf
(Plate 4.1a). Older leaves got infection first and later it was progressed upward
(Plate 4.1b). The spots were oval or angular in shape ranged from 1 to 5 mm
diameter. Narrow chlorotic zone was also noticed around the spot (Plate 4.1c).
Later stage spots were enlarged and concentric rings were formed in the center
(Plate 4.1d). In advance stage colour of the spots were changed from brown to dark
brown and finally adjacent spots coalesced to form large irregular spots. Severe
attacked of the disease caused drying and defoliation of foliage. When plants were
old, symptoms appeared on stem and petioles as brown to dark brown elongated
target board type spots (Plate 4.1e). These spots enlarged and covered the entire
stem and petioles leading to withering of the plants. Symptoms also developed on
calyx and flower buds in the form of minute brown to dark brown spots which
enlarged later and spread to sepals and fruits resulting in pre-mature dropping of
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Plate 4.1: Symptoms of early blight of tomato on leaves, stem and fruits
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fruits. The symptoms on fruits appeared first at stem end as black or brown sunken
spots both on green and ripe fruits which enlarged within eight days involving

most of the fruits, finally the fruits were rotted (Plate 4.1f).

Similar kinds of symptoms were also reported by Ramakrishnan et al.
(1971). They observed cankerous spots on tomato stem of seedling causing by A.
solani. Tomato fruit, both green and ripe, may also become infected with the
fungus. Infection generally begins at the calyx end. Brown leathery areas were
formed at infection sites. They contain the same concentric rings found in leaf
spots. Walker (1952) reported that the spots were oval or angular in shape 0.3 or
0.4 cm diameter in size with usually narrow chlorotic zone around the spot.
Symptoms progress from lower to upper leaves. Leaf spots begin as small brown
areas on lower leaves. These areas enlarge surrounded by a border of yellow host
tissue. As the spots mature, concentric rings of raised and depressed brown tissue
were evident. Heavily infected plants often become defoliated. Peralta et al. (2005)
reported that early blight disease can lead to complete defoliation in severe case in
regions. Chaerani et al. (2006) noticed symptoms on tomato due to early blight as
collar rot on stem of seedlings, lesions on stem of adult plant and rotting on fruits.
Foolad et al. (2008) also described early blight symptoms on potato and tomato
foliage as small, dark, circular lesions becoming distinctly zonate as they develop.
Stem lesions was occur on diseased tomato plants as roughly circular, sunken, dark
and zonate. Appearance of rot spots on green and ripe fruit of tomato were also
reopted by Blancard et al. (2012).

4.3 Isolation and identification of the Alternaria solani isolates

Tomato leaves showing typical early blight symptoms of dark brown spots
with concentric rings surrounded by discoloured tissue were collected from
infected field. The standard tissue isolation technique was followed to obtain
Alternaria solani culture. Identification of the isolated fungus was carried out
based on the morphological characters. The conidiophores were formed singly and
in groups, they were straight or flexuous and brown to olivaceous brown in colour.
The conidia were observed solitary straight and slightly flexuous oblong or
muriform or ellipsoidal tapering to beak, pale or olivaceous brown, length 150-300
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um and 15-20 um thick in the broadest part with 8- 10 transverse and 0-4
longitudinal septa. The beaks of conidia were flexuous, pale and sometimes

branched.

The description of this fungus agreed with the description given for A.
solani by Common Wealth Mycological institute, Kew, Surrey, England (Ellis,
1971). Thus, the pathogen causing early blight of tomato has been identified as A.
solani Ellis and Martin (Jones and Grout, 1986).

4.4 Pathogenicity test

The pure culture of Alternaria solani was obtained by single spore isolation
method and such culture was used for pathogenicity test following by Koch’s
Postulate. The pathogenicity test was carried out as described in material and
methods by inoculation with spore suspension with homogenized mycelial bits of
A. solani on foliage of 30 days old Pusa Ruby variety of tomato. Fifteen days after
inoculation, symptoms were appeared on inoculated leaves as brown, oval or
angular necrotic spots with concentric rings and surrounded by a border of yellow
host tissue. The fungus was re-isolated and purified culture from these artificially
infected leaves was similar to that of original culture. Hence, the causal agents of
the disease were confirmed as Alternaria solani.

4.5 Cultural and pathogenic variability of Alternaria solani isolates

4.5.1 Studies on cultural variability among the Alternaria solani isolates

4.5.1.1 Variability in colony diameter among the isolates of A. solani on PDA

medium

The data on variability in colony diameter have been presented in Table 4.2
indicated that the significant differences in colony diameter was recorded among
the isolates of Alternaria solani. Maximum radial growth of the fungus (22.67mm)
was recorded in isolate AS-6 which was at par with isolate AS-1 (22.50 mm), AS-2
(22.21 mm), AS-4 (21.17 mm) and AS-5 (20.83 mm) and significantly higher over
isolate AS-3 (20.40 mm) and AS-7 (18.17 mm). Same trend was found after 96
hours of incubation. However, 144 hours after incubation, maximum colony

diameter was observed in isolate AS-6 (68.78mm). It was at par with AS-1
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(67.40mm), AS-2 (66.40mm), and AS-4 (65.40mm) and significantly higher over
rest of the isolates. Same trend was found after 192 and 240 hours after incubation
(Plate 4.2).

Table 4.2: Variability in colony diameter among the isolates of A. solani on

PDA medium:
Colony diameter (mm)
Isolates
48 HAI 96 HAI 144 HAI 192 HAI 240 HAI

AS-1 22.50 49.25 67.40 79.57 89.35
AS-2 22.21 47.53 66.40 78.57 88.50
AS-3 20.40 42.56 63.00 74.40 83.43
AS-4 21.17 47.17 65.40 78.57 86.17
AS-5 20.83 46.84 63.40 76.57 83.83
AS-6 22.67 50.26 68.78 82.17 90.00
AS-7 18.17 32.60 46.00 55.33 65.50
CV (%) 5.26 6.31 5.67 7.15 6.78
SEmz+ 0.78 1.13 1.29 1.55 1.60
CD at 5% 2.17 3.16 3.59 4.34 4.48

HAI= hours after incubation
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4.5.1.2 Variability in cultural characters among the isolates of Alternaria

solani on PDA medium

Cultural variability data have been presented in Table 4.3 indicated that the
variation in colony colour, substrate colour, growth pattern, margin colour,
topography, thickness of mycelium mat and sporulation were observed among the
isolates of Alternaria solani. In case of colony colour, greenish brown colour
colony was observed in isolates AS-1, grayish brown in isolate AS-2, AS-4 and
AS-5, gray colour in AS-6, grayish black in AS-3, while dark brown colony colour
was observed in isolate AS-7. In case of substrate colour, black colour substrate
was observed in isolate AS-1 and AS-7, brown to black in isolate AS-2 and AS-3,
grayish black in isolate AS-4, dark brown to black in AS-5 and dark brown in AS-
6.Growth pattern were also varied from circular smooth to irregular rough. Isolate
AS-3 was gave circular smooth colony, whereas circular rough colony was
observed in isolate AS-2 and AS-6. Irregular smooth colony growth was noticed in
isolate AS-7 and irregular rough in isolate AS-1, AS-4 and AS-5. In case of margin
colour of colony, whitish margin was appeared in isolate AS-1, brown in AS-7,
whitish gray in AS-2, AS-4 and AS-6, whitish brown in AS-3 and gray in AS-5.
Arial topography was observed in isolate AS-1, AS-2, AS-3, AS-4, AS-5 and AS-
6. While, merged topography was observed in isolate AS-7. In case of thickness of
mycelium mat on PDA medium, very thick mycelium mat was observed in all the
isolates except isolate AS-7 which showed thick mycelium mat. In case of
sporulation, excellent sporulation was noticed in isolate AS-3, AS-5, AS-6 and AS-
7, however poor sporulation was observed in isolate AS-1, AS-2 and AS-4 (Plate

4.2).
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Colony characters of different isolate of Alternaria solani on PDA

Substrate colour of different isolate of Alternaria solani on PDA

Plate 4.2: Variability in cultural characters among the isolates of
Alternaria solani on PDA medium
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Table 4.3: Cultural variability among the isolates of Alternaria solani on PDA

medium

Cultural characters of Alternaria solani isolates

Thicknes
Isolates
Colony Substrate  Growth Margin  Topogra s of Sporul
colour colour Pattern Colour phy mycelium  ation
mat
Greenish Irregular Very
AS-1 Black Whitish Aerial ++
brown rough thick
Grayish Brown to Circular Whitish Very
AS-2 Aerial ++
brown black rough gray thick
Grayish Brown to Circular Whitish
AS-3 Aerial Thick ++++
black black smooth brown
Grayish Grayish Irregular Whitish Very
AS-4 Aerial ++
brown black rough gray thick
Grayish ~ Dark brown Irregular Very
AS-5 Gray Aerial ++++
brown to black rough thick
Circular Whitish Very
AS-6 Gray Dark brown Aerial ++++
rough gray thick
Irregular
AS-7 Dark brown Black Brown Merged Thick ++++
smooth

- = (0 spore) No sporulation, + = (1-10 spore per microscopic field) Poor
sporulation, ++ = (11-20 spore per microscopic field) moderate sporulation, +++ =
(21-30 spore per microscopic field) good sporulation, ++++ = (more than 30 spore

per microscopic field) excellent sporulation
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4.5.2 Studies on morphological variability among the isolates of Alternaria

solani on PDA medium

The microscopic examination on septation in conidia have been presented
in table 4.4 revealed that the highly septation were found in conidia of all the
isolates on PDA medium. In case of horizontal septation, highest horizontal septa
(2-11) was recorded in isolate AS-7, followed by AS-2 (3-10), AS-6 (3-9) and AS-
4 (3-7), while least horizontal septa (3-6) was observed in isolate AS-1 and AS-5.
However, maximum vertical septa (1-3) were observed in isolate AS-3, AS-4 and
AS-6 and minimum vertical septa (0-2) was found in isolate AS-1, AS-2, AS-5 and
AS-7. Conidia length with beak was varies from 39.17 - 74.35 um in isolate AS-6,
29.86 -73.23 pm in AS-7, 34.34 -73.14 pm in AS-2, 33.61 -71.43 pm in AS-4,
32.12 - 68.63 pm in AS-1, 30.53 -63.14 um in AS-5 and 28.12 -58.35 um in AS-3.
In case of beak length, maximum length (7.64 -14.78um) was recorded in isolate
AS-4, while minimum length of beak (4.18 -7.62jum) was recorded in isolate AS-3.
Variation in width of conidia was also observed among the isolates of A. solani.
Width of conidia was maximum (8.82 — 24.23 um) in isolate AS-3. While,
minimum width of conidia (8.13 — 19.48 um) was found in isolate AS-7 (Plate

4.3).

The result obtained in the present study agreed with the findings of
Alhussaen (2012) who reported that the mycelia width between 0.8-1.5 um and
conidia are 35-75 pm in length and 10-20 pumin width and 2-7 transverse septa and
1-4 longitudinal septa. Similar result was also obtained by Naik et al. (2010)
describe Alternaria solani isolate from tomato plant and those results were agreed
with the result presented in this study. Similar type result is also obtained by Ellis

(1971), Kumar et al. (2012), Kaul and Saxena (1988) and Marak et al. (2014).
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Table 4.4: Morphological variability among the isolates of Alternaria solani on
PDA medium

No. of No. of Length of Beak

Sl - . o Width of
Isolates horizontal vertical conidia with length o
No. _ _ conidia (pm)
septation septation  beak (um) (um)

1 AS-1 3-6 0-2 32.12-68.63 6.68-13.23 8.12-21.36
2  AS-2 3-10 0-2 34.34-73.14 5.76-12.37 7.91-19.56
3 AS3 2-7 1-3 28.12-58.35 4.18-7.62 8.82-24.23
4  AS-4 3-7 1-3 33.61-71.43 7.64-14.78 9.32-22.86
5 AS-5 3-6 0-2 30.53-63.14 4.25-8.87  7.05-20.56
6 AS-6 3-9 1-3 39.17-74.35 7.23-14.16 8.63-21.63
7 AS-7 2-11 0-2 29.86-73.23 3.63-13.65 8.13-19.48

4.5.3 Studies on pathogenic variability among the isolates of Alternaria solani

Experimental data regarding first appearance of symptoms, PDI and
AUDPC of different isolates of Alternaria solani on variety Pusa Ruby under pot
culture have been presented in table 4.5. In case of appearance of symptoms,
symptoms was early noticed in isolate AS-6 (3-4 DAI) followed by isolate AS-5
and AS-7 (3-5 DAI), AS-3 and AS-4 (4-5 DAI), AS-2 (6-7 DAI), while delay
symptoms were appeared in isolate AS-1(6-8 DAI). Percent disease intensity was
recorded after 42 days of inoculation reveal that the highest PDI was observed
(88.89 %) in isolate AS-6 followed by AS-5 (84.44%), while least PDI was
observed in isolate AS-1 (Plate 4.4a,b). Area Under Disease Progress Curve
(AUDPC) was calculated from the disease intensity recorded at 7 days intervals up
to 42 days after inoculation are illustrated in Fig. 4.3. Isolate AS-6 showed
maximum AUDPC (2302) followed by AS-5(2147), AS-7(1836), AS-3(1672), AS-
4(1423), AS-2(1260). While, minimum AUDPC was observed in isolate AS-
1(996).
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Plate 4.3: Morphological variability among the isolates of Alternaria
solani on PDA medium
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Present investigation indicated that the most virulent was found isolate AS-
6 followed by AS-5 and AS-7. However, isolate AS-1, AS-2 and AS-4 was found
moderately virulent. Similar findings were also reported by Castro et al. (2000)
conducted an experiment on study of variability of A. solani under green house
conditions based on the inoculation of 7 isolates on 14 tomato genotypes and
reveal that all the isolates showed different degree of virulence on 14 tomato
genotypes, demonstrating the existence of high level of variability in the fungus.
Singh et al. (2014) reported that out of 10 isolates, only three major groups were
recorded on the basis of SAS analysis likewise Group-A were highly virulent (MF-
4 and PN-4), Group-C indicate virulent (BG, AF-2, EC-1 and RF-1) and Group-E
were less virulent (BHU-1, IIVR, SF-1 and BX-2) with all the five varieties.
Similar results were also reported by Rahmatzai et al. (2016). The isolate AS1 of
A. solani was mostly virulent with maximum level of disease incidence (53.5%)
and disease severity (32%), whereas, the AS2 isolate noted the least early blight
incidence of 27% and disease severity of 18%. AS1 isolate produced properly clear
early blight symptoms on leaves, stem and even fruits and was found to be virulent

causing sever disease in tomato plants.
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Fig. 4.3: AUDPC in Alternaria solani isolates on variety Pusa Ruby
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Plate 4.4a: Pathogenic variability among the isolates of Alternaria
solani on variety Pusa Ruby
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Plate 4.4b: Pathogenic variability among the isolates of Alternaria
solani on variety Pusa Ruby
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Table 4.5: Pathogenic variability among the isolates of Alternaria solani on

variety Pusa Ruby

Isolates Symptoms PDI AUDPC

appearance (Days gt 42 days after

after inoculation) inoculation

AS-1 6-8 40.00 995.56

AS-2 6-7 48.49 1260.00
AS-3 4-5 64.44 1672.22
AS-4 4-5 55.56 1423.33
AS-5 3-5 84.44 2146.67
AS-6 3-4 88.89 2302.22
AS-7 3-5 75.56 1835.56

4.6 Studies on effect of culture media on different isolates of A.

solani

The cultural characteristics of A. solani isolated from tomato was studied
on 14 solid media as described in material and methods and the results of the study
are presented below that the pathogen showed highly significant difference in its

mycelium growth on different media (Plate 4.5 a,b,c,d).
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4.6.1. Effect of culture media on colony diameter of different

isolates of A. solani

4.6.1.1 Effect of culture media on colony diameter of different isolates of A.

solani after 48 hrs of incubation:

The data have been presented in Table 4.6 indicated that the colony
diameter of Alternaria solani isolates were significantly influenced by culture
media. Among the different media, PDA media was found better which showed
maximum mean radial growth of fungus (21.14mm). It was at par with Oat meal
agar media (20.40mm) and significantly superior over rest of culture media.
Whereas, minimum mean colony diameter was observed in water agar media
(11.59mm). In case of isolates, maximum colony diameter (17.57mm) was
observed in isolate AS-1 followed by AS-6 (17.33mm), AS-2 (16.93mm), AS-4
(16.16mm), AS-5 (15.66mm), AS-3 (15.55mm) and minimum colony diameter
was recorded in isolate AS-7 (12.76mm). Interaction between media and isolates
was found significantly. Isolate AS-6 was showed maximum mycelium growth
(22.67mm) on PDA followed by AS-1 (22.50mm) on PDA media, while minimum
mycelium growth was observed in isolate AS-7 (9.00 mm) in mineral agar.

4.6.1.2 Effect of culture media on colony diameter of different isolates of A.

solani after 96 hrs of incubation

Experimental data have been presented in Table 4.7 showed that the
mycelium growth of Alternaria solani varied within media to media and isolate to
isolate. In case of media, highest mean colony diameter was observed on PDA
media (45.17 mm) after 96 hrs of incubation followed by oatmeal agar media
(43.72 mm), while minimum mycelium growth was observed in water agar media
(19.43 mm). Among the seven isolates, more colony growth was observed in AS-1
(34.67mm diameter) which was at par with isolate AS-2 (34.27mm diameter) and
AS-6 (34.42mm diameter) and significantly higher over rest of the isolates. While,
isolate AS-7 was showed minimum colony diameter (20.59mm). Interaction was
found significant. Maximum radial growth was observed in isolate AS-6 on PDA
media (50.26mm) followed by AS-1on PDA media (49.25 mm), AS-6 (49.17mm)
on OMA and minimum mycelium growth was observed in isolate As-7 on water

agar media (13.00 mm).
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Table 4.6: Effect of culture media on colony diameter of different isolates of A.

solani after 48 hrs of incubation

Colony diameter after 48 hrs incubation (mm)

Media

AS-1 AS-2 AS-3 AS4 AS-5 AS-6 AS-7 Mean
Potato Dextrose

2250 2221 2040 21.17 20.83 22.67 1817 21.14
Agar
Oat Meal Agar 21.83 20.83 20.33 19.67 20.17 22.00 18.00 20.40
Asthana &

19.00 17.67 17.67 18.17 16.83 18.00 16.33 17.67
Hawker's
Corn Meal Agar

) 19.50 18.00 18.67 1850 17.17 20.17 16.83 18.41

Media
PDA + CaCogq 18.33 1650 13.83 17.50 16.67 17.00 10.33 15.74
Tomato Leaf

20.63 20.00 19.17 19.50 19.83 21.67 17.83 19.80
Agar
Czapek Dox

17.17 12.83 11.17 11.67 12.03 1450 950 1270
Agar
Waksman's Agar  16.33 17.33 13.33 15.83 15.00 16.00 10.00 14.83
Malt Extract

16.33 17.83 1750 17.33 16.33 16.17 1483 16.62
Agar
Mineral Agar 16.00 12.17 1250 12.67 1217 1333 9.00 1255
YPSS 1567 13.83 11.83 12.00 12.00 14.67 9.17 1274
Martin's Agar 15.17 1783 16.50 1450 1433 16.00 9.67 14.86
Glucose Peptone

13.83 16.17 1533 16.33 15.33 17.67 9,50 14.88
Yeast Agar
Water Agar 13.67 1383 950 11.33 1050 1283 950 11.59
Mean 1757 16.93 1555 16.16 15.66 17.33 12.76

CV (%) SEm+ CD at 5%

Factor(A) 0.294 0.82
Factor(B) 6.41 0.208 0.58
Factor(A X B) 0.777 2.17
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Table 4.7: Effect of culture media on colony diameter of different isolates of

Alternaria solani after 96 hrs of incubation

Colony diameter after 96 hrs incubation (mm)

Media

AS-1 AS-2 AS-3 AS-4 AS-5 AS-6 AS-7 Mean
Potato Dextrose

49.25 4753 4256 47.17 46.84 50.26 32.60 45.17
Agar
Oat Meal Agar 4733 46.67 47.17 38.67 45.67 49.17 31.33 43.72
Asthana&

37.83 39.00 38.67 35.00 32.00 39.17 26.00 35.38
Hawker's
Corn Meal Agar

_ 43.83 40.33 40.50 35.83 33.50 40.00 28.17 37.45

Media
PDA+CaCoz  36.67 32.67 30.00 34.17 30.00 32.67 16.00  30.31
Tomato Leaf

4719 4333 4527 38.25 42.37 43.27 29.27 41.28
Agar
CzapekDox

32.83 46.67 2156 20.52 2150 25.83 14.47 26.20
Agar
Waksman's Agar 30.50 29.83 29.50 28.83 24.33 29.00 15.00 26.71
MaltExtract

29.83 32.67 37.67 34.80 30.00 3150 24.33 31.54
Agar
Mineral Agar 28.00 29.17 19.17 22.83 21.67 24.83 14.27 22.85
YPSS 2750 22.00 21.33 17.50 21.33 27.73 14.33 21.67
Martin's Agar 26.83 2150 31.83 23.67 24.00 28.67 15.00 24.50
Glucose Peptone

24.67 21.67 3450 29.33 27.83 37.83 14.50 27.19
Yeast Agar
Water Agar 23.17 26.67 16.17 16.50 1850 22.00 13.00 19.43
Mean 34.67 34.27 3256 30.22 29.97 34.42 20.59

CV (%) SEm+ CD at 5%

Factor(A) 6.14 0.41 1.16
Factor(B) 0.29 0.82
Factor(A X B) 1.10 3.06
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4.6.1.3 Effect of culture media on colony diameter of different isolates of A.

solani after 144 hrs of incubation

The data pertaining to the effect of different culture media on A. solani
isolates after 144 hrs of incubation have been presented in Table 4.8 reveal that
mycelium growth of A. solani were influenced by different culture media in all the
isolates. Mean colony diameter observed was maximum (62.91mm) in PDA
medium followed by Oatmeal agar medium (60.55mm), while minimum growth
was observed in water agar medium (26.92mm). Maximum colony diameter
(50.63mm) was observed in isolate AS-6 which was significantly higher over rest
of the isolates, whereas minimum colony diameter was observed in AS-
7(29.31mm) after 144 days of incubation. Interaction between isolate and culture
media was found significant. Isolate AS- 6 showing maximum growth (68.78mm)
on PDA which was at par with on oatmeal agar medium (68.17mm), isolate AS-2
on PDA (66.40mm) and OMA (66.50mm) and isolate AS-1, AS-3 on PDA and

significantly higher over rest of the combination.

4.6.1.4 Effect of culture media on colony diameter of different isolates of

Alternaria solani after 192 hrs of incubation

Results indicated that the mycelium growth was influenced by different
culture media in all the isolates of Alternaria solani. Among the different culture
media, maximum mean colony diameter observed was 79.57, 78.57, 74.40, 78.57,
76.57, 82.17 and 55.33mm on PDA media in isolate AS-1, AS-2, AS-3, AS-4, AS-
5, AS-6 and AS-7, respectively. PDA medium was showed significantly higher
growth of the fungus as compare to other culture media. Among the isolates,
isolate AS-6 was showed significantly higher colony diameter (61.79mm)
followed by AS-1(58.91mm), AS-2 (57.79mm) and minimum colony diameter was
observed in isolate AS-7 (36.76 mm). Interaction between media and isolates was
found significant. Isolate AS-6 showed maximum mycelium growth (82.17 mm),
while minimum mycelia growth was observed in isolate AS-7 (24.17 mm) in

mineral agar media (Table 4.9).
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Table 4.8: Effect of culture media on colony diameter of different isolates of

Alternaria solani after 144 hrs of incubation

Colony diameter after 144 hrs incubation (mm)

Media
AS-1 AS-2 AS-3 AS4 AS5  AS-6 AS-7 Mean
Z‘;t:rto Dextrose 6740 6640 63.00 6540 6340 68.78 46.00 62.91
Oat Meal Agar ~ 64.67 66.50 63.33 53.33 62.17 6817 4567 60.55
Asthana & 60.67 60.53 5250 4850 4533 57.83 34.83 5146
Hawker's
fﬂ‘;ré‘i;\"eamgar 62.33 6133 5550 49.00 47.33 5817 39.50 53.31
PDA+CaCo3  58.00 54.33 41.83 4833 43.83 49.17 26.67 46.02
;%r;‘f‘to Leaf  ¢317 6383 5800 51.67 60.83 66.67 41.83 58.00
igfk Dox 4650 3450 3367 2917 3017 3667 19.83 32.93
Waksman's Agar  45.00 49.17 40.83 37.33 3450 44.33 24.33 39.36
'\A"g:rEx”aCt 4067 4533 51.83 47.83 43.00 4683 30.00 43.64
Mineral Agar ~ 37.17 31.67 29.67 31.00 3050 33.00 19.17 3031
YPSS 3667 30.83 34.00 2350 29.83 4000 2023 30.72
Martin's Agar ~ 29.83 30.33 31.00 3517 34.00 4433 2117 32.26
Glucose Peptone 0 o) 4593 4700 3883 3933 5600 20.00 38.93
Yeast Agar
Water Agar 2717 28.83 25.00 21.00 2650 38.83 21.13 26.92
Mean 4770 47.60 44.80 4143 4219 5063 29.31
CV (%) SEmz CD at 5%
Factor(A) 0.50 1.38
Factor(B) 5.22 0.35 0.98
Factor(A X B) 1.31 3.65
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4.6.1.5 Effect of culture media on colony diameter of different isolates of

Alternaria solani after 240 hrs of incubation

Data regarding effect of different culture media on colony diameter of
different isolates of Alternaria solani after 240 hrs of incubation have been
presented in table 4.10 reveal that the most suitable culture media was found PDA
which exhibited maximum diameter of 89.35, 88.50, 83.43, 86.17, 83.83, 90.00
and 65.50mm in isolate AS-1, AS-2, AS-3, AS-4, AS-5, AS-6 and AS-7,
respectively. In case of medium maximum colony diameter (83.83mm) was
observed on PDA which was significantly superior over rest all the media. Among
the seven isolates of A. solani, isolate AS-6 showed maximum colony diameter
(71.73mm) followed by AS-2 (67.41mm), AS-1(67.00mm), AS-5(61.64mm) and
minimum colony diameter of 43.06 mm was noted in isolate AS-7. Interaction
between isolates and media was found significant. Maximum colony diameter was
observed on PDA medium in isolate AS-6 (90.00mm) which was at par with PDA
in AS-1 (89.35mm), AS-2 (88.50mm), AS-4 (86.17mm) and OMA in AS-1
(86.67mm), AS-2 (87.33mm) and AS-6 (89.00mm) and significantly higher over
rest of the combination (Table 4.10 & Plate 4.5a,b,c,d).

The results obtained in the present investigation are confirmed with finding
of several workers. Koley and Mahapatra (2015) reported potato dextrose agar and
oat meal agar medium better than other media for growth of tomato early blight
causing fungi. Potato dextrose agar medium was found a good medium for growth
of Alternaria solani (Neergaard, 1945; Barksdale, 1968). Arunakumara (2006)
reported maximum growth of Alternaria on PDA followed by corn meal agar after
9 days of inoculation. Hubballi et al. (2010) tested different culture media against
the growth of A. alternata. Host leaf extract medium supported significantly which
exhibited maximum growth of all the fifteen isolates of A. alternata followed by
potato dextrose agar. Chohan et al. (2015) postulated that the maximum growth of

Alternaria solani was obtained at 25°C on PDA medium.
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Table 4.9: Effect of culture media on colony diameter of different isolates of

Alternaria solani after 192 hrs of incubation

Colony diameter after 192 hrs incubation (mm)

Media
AS-1  AS-2 AS-3 AS-4 AS5 AS-6 AS-7 Mean

2‘;::0 Dextrose 7957 7857 7440 7857 7657 82.17 5533  75.03
OatMeal Agar  77.67 77.33 7367 6833 7410 8112 5457 7240

Asthana &

. 73.67 70.83 65.83 64.83 58.00 70.00 45.67 64.12
Hawker's

Corn Meal Agar

. 74.17 7117 69.67 65.17 61.00 70.33 48.73 65.75
Media

PDA + CaCoq 73.00 67.00 4850 64.33 5650 61.67 3550 58.07

Tomato Leaf

Agar 7583 7733 70.67 6767 7117 77.83 5133 70.26

2;2?6‘([)0" 62.83 42.67 40.67 3423 3983 4500 2550 4153
Waksman's Agar  59.33 62.83 47.83 47.83 46.67 57.83 30.63  50.42

Malt Extract
Agar

55,50 57.17 65.00 64.33 5567 58.17 38.33 56.31
Mineral Agar 46.50 3950 3450 38.17 4050 44.00 2417 @ 38.19
YPSS 4550 37.67 4183 28.00 39.00 54.00 25.00 38.71
Martin's Agar 35.00 3767 4467 40.17 46.00 57.33 29.00 4141

Glucose Peptone 5 33 5350 6117 4867 50.67 69.00 2577  49.02

Yeast Agar
Water Agar 3183 3583 2933 2717 36.67 36.67 2517 31.81
Mean 58.91 57.79 5484 5268 53.74 61.79 36.76

CV (%) SEmzt CD at 5%
Factor(A) 0.48 1.35
Factor(B) 4.12 0.34 0.95

Factor(A X B) 1.28 3.57
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Table 4.10: Effect of culture media on colony diameter of different isolates of

Alternaria solani after 240 hrs of incubation

Colony diameter after 240 hrs incubation (mm)

Media
AS-1 AS-2 AS-3 AS4 AS5 AS6 AS-7  Mean
Potato Dextrose oo 3o go5y 8343 86.17 83.83 90.00 6550  83.83
Agar
Oat Meal Agar  86.67 87.33 80.17 78.33 8350 89.00 64.00 81.29
Asthana & 79.67 84.83 72.83 7083 69.00 8117 5500 73.33
Hawker's
f/loeré‘i;\"ea'p‘gar 80.17 86.17 77.67 7217 7100 8133 5833 7526
PDA+CaCoz 7750 79.00 5550 70.33 6550 76.50 40.50 66.40
;‘g:f‘to Leal o083 g7.03 7867 77.67 8117 87.83 60.00 79.03
%Z'Cr’Ek Dox 70.83 47.67 45.67 38.00 44.83 5367 29.00 47.10
Waksman's Agar 78.33 75.83 54.83 57.83 54.67 6750 36.67 60.81
'\A"g;trEx”aCt 6350 70.17 71.00 69.33 64.67 70.00 4333 6457
Mineral Agar 55.50 4350 3750 4217 46.50 49.17 2850 43.26
YPSS 5450 43.67 46.83 32.00 44.00 6433 2883 44.88
Martin's Agar 41.00 43.67 4567 47.17 5400 67.67 3483 47.72
Glucose Peptone 33 6350 66.17 58.67 58.67 8100 29.00 56.76
Yeast Agar
Water Agar 39.83 4283 3233 31.17 4167 4500 2933 37.45
Mean 67.00 67.41 6059 59.42 61.64 7173 43.06
CV (%) SEm+ CD at 5%

Factor(A) 0.69 1.93
Factor(B) 513 0.49 1.36
Factor(A X B) 1.83 5.09
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4.6.2 Effect of culture media on colony colour of different isolates of Alternaria

solani

Data have been presented in table 4.11 indicated that the colony colour of
different isolates of Alternaria solani exhibited variation on different culture
media. In case of isolates, isolate AS-1, AS-2, AS-3, AS-4, AS-5, AS-6 and AS-7
produced whitish brown to dark brown, whitish gray to greenish black, olive green
to dark green, whitish pink to greenish black, whitish gray to greenish black, light
brown to greenish black and whitish gray to greenish black, respectively on
different culture media. In case of media, Waksman’s and Asthana & Hawker’s
medium showed grayish brown with white border and Olive green colony,
respectively. While OMA produce gray colony colour in isolate AS-1, dark gray
colony in AS-2, AS-4, AS-5 and AS-7, greenish black in AS-3 and greenish brown
in AS-6. In case of isolate AS-6, PDA, host leaf extracts and cornmeal agar
medium produced gray, whitish gray and grayish gray colour colony, respectively.
However, greenish black colony was observed on water agar medium (Plate

4.5a,b,c,d).

The result obtained in the present study agreed with the findings of Kaul
and Saxena (1988). They observed differences in cultural characters like growth
rate, type of growth, colony colour of the substrate and sporulation of the isolates.
Similar result was also reported by Hubballi et al. (2010) reveal that isolates
showed variation in colony colour on different culture media. Similar type result
were also noticed by Koley and Mahapatra (2015 ), Arunakumara (2006) Babu et
al. (2000c) and Anand and Bhaskaran (2009).



Table 4.11: Effect of culture media on colony colour of different isolates of Alternaria solani
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Colony colour of Alternaria solani isolates on different culture media

Isolates
pDA  CZPeK ypgg Waksman e n g A cMA  oma  ASthana& PDA® i Mardin's GPYA WA
Dox ’s Hawker’s Caco;
Grayish Olive
Greenish ~ Whitish ~ Grayish brown  Whitish  Whitish  Grayish ... Greenish Greenish Greenish Yellowis  Dark
AS-1 . : Gray  green with
brown brown brown  with white  gray brown  brown . brown brown brown h brown  brown
white dots
border
Grayish  Grayish Liaht
Grayish ~ Whitish Olive brown  brown Dark Olive Grayish 9 Whitish ~ Grayish  Greenish
AS-2 Brown Brown brown to
brown gray green todark todark gray brown black brown brown brown black
brown  brown
AS-3 Grayish Dark Grayish ~ Grayish ~ Whitish  Dark Olive  Greenish Olive Grayish Greenish Greenish  Grayish Brown
black brown black black black green green black green black brown brown black
AS-4 Grayish ~ Whitish  Grayish Light Whitish ?or?j):rsl? Grayish Dark Olive Dark Light Grayish ~ Grayish  Greenish
brown pink brown brown gray brown brown gray green brown brown brown brown black
i Grayish ~ Whitish Light Grayish Grayish Dark Olive Grayish  Light . Whitish ~ Greenish
AS-5 brown gray Gray brown brown  brown Gray gray green brown brown Olive gray black
Yellowish Greenish Light Grayish Whitish Grayish Greenish Olive Greenish Grayish ~ Whitish  Greenish
AS-6 Gray brown
brown brown brown brown gray gray brown green brown brown brown black
Dark Greenish  Greenish  Whitish  Whitish ~ Dark Dark Dark Greenish  Dark Whitish Greenish
AS-7 Brown brown
brown brown brown gray gray gray gray brown gray brown gray black

Note: YPSS — Yeast Powder Soluble Starch, MEA — Malt Extract Agar, TLEA — Tomato Leaf Extract Agar, CMA — Corn Meal Agar, OMA — Oatmeal Agar, PDA +

CaCo; -

Potato Dextrose Agar

+ CaCog,

MA

—  Mineral

Agar,

GPYA

— Glucose Peptone Yeast

Extract Agar,

WA

—  Water

Agar
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4.6.3 Effect of culture media on substrate colour of different isolates of

Alternaria solani

Data pertaining to substrate colour in different isolates of Alternaria solani
on different culture media have been presented in table 4.12 reveal that the
substrate colour of different isolates of Alternaria solani exhibited variation from
whitish brown to black on different culture media. Among the isolates, isolates
AS-1 and AS-7 produced black colour substance, AS-2 and AS-3 brown to black
and AS-4 grayish black, while AS-6 showed dark brown colour pigments on PDA
medium. Other media also showed variation in substrate colour among the isolates
and the details are furnished in the table 4.8. In case of media, isolate AS-1
produced black pigment on PDA and PDA+CaCos, grayish black on YPSS,
reddish black on Czapek Dox, Martin’s and GPYA, brownish black on
Waksman’s, MEA, CMA, OMA, dark brown on WA, brown on TLEA, while olive
green pigment produced on Asthana & Hawker,s medium. However, bown to
black pigment on PDA, Czapek Dox, PDA+CaCos, grayish black on YPSS,
whitish brown on Waksman’s and MEA, dark brown to black on TLEA, light
brown on CMA, MA and GPYA, grayish on OMA, olive on Asthana & Hawker,s,
olive green on WA were observed in isolate AS-2. Isolate AS-3 showed various
colour of substance on different culture media viz. brown to black on PDA, light
brown to dark brown on Czapek dox, grayish on YPSS and Waksman’s, brown on
MEA, dark brown on TLEA, light brown on CMA, MA, Martin’s, GPYA and WA,
greenish on OMA and greenish brown on Asthana & Hawker,s. While, isolate AS-
4 produced grayish black colour substance on PDA, light brown on Czapek dox
and PDA+CaCos, dark brown to black on YPSS and MA, brown to dark brown on
Waksman'’s, dark brown on MEA and TLEA, Brown to black on CMA and OMA,
grayish brown on Asthana & Hawker,s, whitish brown on Martin’s, raddish brown
in GPYA and WA. Isolate AS-5 showed dark brown to black colour substance on
PDA and MA, raddish black on Czapek Dox, light gray on YPSS, dark brown on
Waksman’s, MEA, TLEA, light brown on CMA and OMA, blackish brown on
Asthana & Hawker’s, olive on PDA+CaCos light brown on Martin’s, reddish
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brown on GPYA and WA. Dark brown colour substance was observed on PDA
and TLEA, reddish brown on Czapek dox, MEA and WA, Greenish gray on YPSS,
brown on Waksman’s and GPYA, light brown on CMA, OMA and Martin’s,
greenish brown on Asthana & Hawker’s, olive green on PDA+CaCos; media in
isolate AS-6. However, isolate AS-7 produce black colour substance on PDA,
PDA+CaCos, MA and Martin’s, dark brown on Czapek dox and Waksman’s,
brown on YPSS, CMA,OMA, TLEA and Asthana & Hawker’s reddish brown on
MEA and GPYA and greenish black on WA medium (Table 4.12 and Plate
4.5a3,b,c,d).

4.6.4: Effect culture media on colony growth pattern of different isolates of

Alternaria solani

The result presented in Table 4.13 on colony growth pattern of different
isolates of Alternaria solani on different culture media exhibited more variation
among the isolates and culture media. Isolate AS-1 showed circular smooth growth
pattern on Czapek Dox, YPSS, TLEA, OMA, PDA+ CaCoz and WA media, while
on PDA and GPYA it was showed irregular rough growth pattern. Irregular smooth
growth pattern was observed on Waksman’s, MEA and Martin’s media, circular
rough on CMA, Asthan & Hawker’s and MA media. In case of isolate AS-2,
circular rough colony growth was observed on PDA, TLEA, CMA, OMA and
PDA+CaCos, circular smooth on Czapek Dox, Martin’s and WA, irregular smooth
on YPSS, irregular rough on MEA and GPYA, circular rough with concentric ring
on Waksman’s, circular with whitish dots on Asthan & Hawker’s and irregular
smooth with concentric ring on MA media. In case of isolate AS-3, circular smooth
colony growth pattern was noticed on PDA, MEA, TLEA, CMA, OMA and WA
media, while irregular smooth colony growth pattern was observed on Czapek
Dox, YPSS, Waksman’s, PDA+CaCoz MA, Martin’s and GPYA and Asthan &
Hawker’s medium showed circular rough with whitish dot colony. Isolate AS-4

showed irregular rough colony on PDA, YPSS and MA, irregular smooth on
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Martin’s and GPYA, circular rough on MEA, TLEA, CMA and OMA, circular
smooth on Czapek Dox, Waksman’s, PDA+CaCos; and WA, whereas, circular
rough with whitish dot colony was observed on Asthan & Hawker’s medium. In
case of isolate AS-5, irregular rough colony was noticed on PDA and Czapek Dox,
circular rough on MEA, TLEA, CMA, OMA, Asthan & Hawker’s medium,
PDA+CaCos, MA and Martin’s, circular smooth on YPSS, Waksman’s and WA.
However, irregular smooth colony was noticed on GPYA medium. Whereas,
isolate AS-6 showed circular rough colony on PDA, TLEA, OMA and
PDA+CaCos, circular smooth on Czapek Dox, Waksman’s, Asthan & Hawker’s,
GPYA and WA, irregular rough on Martin’s, irregular smooth on YPSS and
irregular smooth with concentric rings on MA media. Isolate AS-7 produced
irregular smooth colony on PDA, Czapek Dox, YPSS, Waksman’s, Asthan &
Hawker’s, MA and GPYA, circular smooth on MEA, TLEA an WA, irregular

rough on PDA+CaCos, Martin’s, CMA and OMA medium (Plate 4.5a,b,c,d)..

Among the isolates, AS-1, AS-4 and AS-5 isolates showed irregular rough
growth pattern, AS-2 and AS-6 produced as circular rough colony, AS-3 produced
circular smooth colony on PDA medium. However, isolate AS-7 produced
irregular smooth colony on PDA medium. Variations in colony growth pattern on
different media were observed among the isolates and the details are furnished in

the table 4.13 (Plate 4.6).



Table 4.12: Effect of culture media on substrate colour of different isolates of Alternaria solani
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Substrate colour of different isolates of Alternaria solani on different culture media

Isolates PDA
ppA CZPK  ypss  waksman’s MEA TLEA CMA  OmA ASthana& MA Martin’s GPYA WA
Dox Hawker’s
Caco;
Reddish Grayish ~ Brownish  Brownish Brownish Brownish . Whitish  Reddish Reddish  Dark
AS1 Black “piack  black  black black SO plack  black Olvedreen Black on black  black  brown
Dark Brown
Brown Brown Grayish Whitish Whitish  brown Light . . Light Light Olive
AS-2 to black toblack  black brown brown to brown Grayish Olive bl?ck brown Brown brown green
black
Light
Brown  brown . . Dark Light . Greenish ~ Dark  Light Light Light Light
AS-3 to black to dark Grayish Grayish Brown brown  brown Greenish brown green brown  brown brown  brown
brown
. . Dark . . Dark . . .
Grayish  Light Brown to Dark Dark Brownto Brownto  Grayish Light Whitish  Reddish Reddish
AS-4 brown to brown
black  brown dark brown  brown brown  black black brown brown brown  brown  brown
black to black
Dark Dark
brown Reddish  Light Dark Dark Light Light Blackish . Light Reddish Reddish
AS-5 Dark brown Olive  brown
to black gray brown  brown  brown brown brown brown  brown  brown
to black
black
Dark Reddish Greenish Reddish  Dark Light Light Greenish  Olive Dark Light Reddish
AS-6 Brown brown Brown
brown  brown gray brown  brown  brown brown brown green > black brown brown
AS-7 Black Dark Brown  Dark brown Reddish Brown Brown Brown Brown Black  Black Black Reddish - Greenish
brown brown brown black

Note: YPSS — Yeast Powder Soluble Starch, MEA — Malt Extract Agar, TLEA — Tomato Leaf Extract Agar, CMA — Corn Meal Agar, OMA — Oatmeal Agar, PDA +
CaCo; — Potato Dextrose Agar + CaCos; MA — Mineral Agar, GPYA — Glucose Peptone Yeast Extract Agar, WA — Water Agar



Table 4.13: Effect of culture media on growth pattern of different isolates of Alternaria solani
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Growth Pattern of different isolates of Alternaria solani on different culture media

Isolates
ppa  CZAPEK  ypgg Waksman et EA cmA  oma  Asthana&  PDA+ MA  Martin’s GPYA WA
Dox Hawker’s Caco;
AS-1 Irregular Circular Circular  Irregular  Irregular Circular Circular Circular Circular Circular ~ Circular  Irregular Irregular Circular
rough smooth smooth  smooth  smooth smooth rough  smooth rough smooth rough smooth  rough  smooth
Circular Circular Isr:gg:zr
AS-2 Circular Circular Irregular rough with Irregular Circular Circular Circular rouah and Circular with Circular Irregular Circular
rough  smooth smooth concentric rough  rough rough rough ug rough . smooth  rough  smooth
fin whitish dots concentric
g ring
, . . . . Circular :
Circular Irregular Irregular Irregular  Circular Circular Circular Circular Irregular  Irregular  Irregular Irregular Circular
AS-3 rough and
smooth smooth smooth ~ smooth  smooth smooth smooth smooth whitish dots smooth smooth smooth  smooth  smooth
Irregular Circular Irregular  Circular  Circular Circular Circular Circular Clrcula_r Circular  Irregular  Irregular Irregular Circular
AS-4 rough with
rough  smooth  rough smooth rough rough rough rough whitish dots smooth rough smooth  smooth smooth
AS-5 Irregular Irregular Circular  Circular  Circular Circular Circular Circular Circular Circular ~ Circular ~ Circular Irregular Circular
rough rough  smooth  smooth rough rough rough rough rough rough rough rough  smooth smooth
Irregular
AS-6 Circular Circular Irregular  Circular  Irregular Circular Circular Circular Circular Circular STv?fhth Irregular  Circular Circular
rough  smooth smooth  smooth  smooth  rough rough rough smooth rough concentric rough  smooth smooth
ring
AS-7 Irregular Irregular Irregular Irregular  Circular Circular Irregular Irregular  Irregular  Irregular  Irregular  Irregular Irregular Circular
smooth smooth smooth ~ smooth  smooth smooth  rough rough smooth rough smooth rough  smooth smooth

Note: YPSS — Yeast Powder Soluble Starch, MEA — Malt Extract Agar, TLEA — Tomato Leaf Extract Agar, CMA — Corn Meal Agar, OMA — Oatmeal Agar, PDA +

CaCos

Potato Dextrose Agar

+ CaCog,

MA - Mineral Agar,

GPYA -

Glucose Peptone Yeast

Extract Agar,

WA -

Water

Agar
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4.6.5: Effect of culture media on colony margin colour of different isolates of
Alternaria solani:

Data regarding effect of culture media on colony margin colour of different
isolates of Alternaria solani have been deputed in table 4.14 indicated that the
margin colour of the colony varied from isolate to isolate on different media. In
case of media, isolate AS-1 produced whitish margin on PDA, Czapek Dox,
Waksman’s and TLEA, olive green on YPSS and Asthana & Hawker’s, grayish on
MEA, whitish brown on CMA, MA and Martin’s, brown on OMA and WA, olive
on PDA+CaCos and white on GPYA media. In case of isolate AS-2, whitish gray
margin was observed on PDA, CMA, OMA, whitish brown on Czapek Dox, MEA,
MA, Martin’s, GPYA, gary on YPSS, brown on Waksman’s, TLEA, olive on
Asthans & Haker’s, grayish brown on PDA+CaCos; and olive green on WA.
However, isolate AS-3 showed whitish brown margin on PDA, MEA, MA, whitish
gary on Czapek Dox, YPSS, Waksman’s, TLEA, CMA, Martin’s, GPYA, grayish
on OMA, PDA+CaCos, olive on Asthana & Hawker’s and light brown in WA. In
isolate AS-4, whitish gray margin was noticed on PDA, TLEA, CMA, OMA,
Martin’s, whitish on Czapek Dox, brown on YPSS, PDA+CaCosz WA, light brown
on Waksman’s, MA, gray on MEA, GPYA and olive green in Asthana &
Hawker’s. Isolate AS-5 showed gray margin colour on PDA, reddish brown on
Czapek Dox, whitish gray on YPSS, MEA, TLEA, CMA, OMA, PDA+CaCos,
Martin’s, GPYA, light brown in Waksman’s, olive in Asthana & Hawker’s,
whitish brown in MA and greenish brown in WA. In case of isolate AS-6, whitish
gray margin was noticed on PDA, YPSS, CMA, GPYA, whitish brown on Czapek
Dox, MA, Martin’s, light brown on in Waksman’s, brown on MEA, gray on
TLEA, greenish brown on OMA, PDA+CaCos, WA and olive on Asthan &
Hawker’s. However, isolate As-7 produced brown margin on PDA, Asthan &
Hawker’s, whitish brown on Czapek Dox, YPSS, MEA, MA, GPRA, whitish gray
on Waksman’s, TLEA, CMA, Martins, gray on OMA, greenish gray on
PDA+CaCo3 and greenish brown in WA. Among the isolates, AS-1 gives whitish
margin, while AS-2, AS-4 and AS-6 give whitish gray margin on PDA medium.
Isolate AS-3 produced whitish brown margin, AS-5 gray margin and AS-7 brown
margin on PDA medium. Other media also showed variation in margin colour of
colony among the isolates details are furnished in table 4.14 (Plate 4.5 a,b,c,d)



Table 4.14: Effect of culture media on margin colour of different isolates of Alternaria solani

Isolates

Margin Colour of different isolates of Alternaria solani on different culture media

pDA 7K ypss Waksman’s MEA TLEA CMA OMA ASthana& PDA+ v ins GPYA WA
Dox Hawker’s Caco;
AS-1  Whitish Whitish Olive Whitish ~ Grayish Whitish Whitish Brown Olive Olive Whitish - Whitish White  Brown
green brown green brown  brown
Whitish  Whitish Whitish Whitish - Whitish . Grayish Whitish  Whitish  Whitish ~ Olive
AS-2 gray  brown Gray Brown brown Brown gray gray Olive brown brown brown brown  green
AS-3 Whitish  Whitish  Whitish ~~ Whitish ~ Whitish  Whitish Whitish Gravish Olive Gravish Whitish  Whitish  Whitish  Light
brown  gray gray gray brown  gray gray y y brown gray gray brown
AS-4 Whitish Whitish Brown Light brown  Gray Whitish  Whitish  Whitish Olive Brown Light  Whitish Gray  Brown
gray gray gray gray green brown gray
AS-5 Gray Reddish Whitish Light brown Whitish  Whitish Whitish  Whitish Olive Whitish  Whitish  Whitish  Whitish Greenish
brown  gray gray gray gray gray gray brown gray gray brown
Whitish  Whitish  Whitish | . Whitish Greenish : Greenish Whitish  Whitish  Whitish Greenish
AS-6 gray  brown  gray Light brown  Brown  Gray gray brown Olive brown  brown  brown gray brown
Whitish  Whitish ~ Whitish ~ Whitish Whitish  Whitish Greenish  Whitish  Whitish  Whitish Greenish
AS-7 Brown Gray Brown
brown  brown gray brown  gray gray gray brown gray brown  brown
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Note: YPSS — Yeast Powder Soluble Starch, MEA — Malt Extract Agar, TLEA — Tomato Leaf Extract Agar, CMA — Corn Meal Agar, OMA — Oatmeal Agar, PDA +

CaCos — Potato Dextrose Agar + CaCos MA — Mineral Agar, GPYA — Glucose Peptone Yeast Extract Agar, WA — Water Agar
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4.6.6: Effect of culture media on topography of different isolates of Alternaria

solani

The result obtained are present in Table 4.15 indicated that the topography
of different isolates of Alternaria solani exhibited variation on different culture
media. In case of media, AS-1 produced merged topography on Czapek Dox,
Waksman’s, Asthan & Hawker’s, PDA+ CaCoz and WA. While, on YPSS, CMA,
OMA, MA, and GPYA media were showed sub-merged topography. Areal
topography was observed on PDA, MEA, Martin’s and TLEA medium in isolate
AS-1. Other isolates also showed variation in topography on different culture
media which are furnished in table 4.15. Among the media PDA gives aerial
topography in all the isolates except AS-7 which produced merged topography.
The other isolates were showed aerial to submerged topography on other culture
media. Variations in the topography on different media in seven isolates of A.

solani are furnished in the table 4.15 (Plate 4.5 a,b,c,d).

4.4.7: Effect of culture media on thickness of mycelium mat of different

isolates of Alternaria solani

Experimental data on thickness of mycelium mat of different isolates of
Alternaria solani on different culture media have been presented in Table 4.16
revealed that the mycelium thickness of different isolates of Alternaria solani
showed variation on different culture media. Isolate AS-1 produced very thick
mycelium on PDA, CMA and OMA and thick mycelium mat was observed on
MEA, TLEA, Martin’s, CaCos and GPYA medium. While, Czapek Dox, YPSS,
Waksman’s, MA showed thin mycelium growth and Asthana & Hawker’s and

WA media very thin mycelium mat. In case of isolate AS-2 very thick mycelium
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mat was observed on PDA, TLEA, CMA, OMA and PDA+CaCos, thick on
Waksman’s, MEA and GPYA, thin on Czapek Dox, YPSS, Asthana & Hawker’s,
MA and Martin’s. However, very thin mycelium mat was observed on WA
medium. Isolate AS-3 showed thick mycelium mat on PDA, TLEA, CMA, OMA,
and PDA+CaCos, thin on Czapek Dox, YPSS, Waksman’s, MEA, Asthana &
Hawker’s, MA, GPYA and Martin’s, while very thin mycelium was noticed on
WA media. Very thick mycelium growth was observed on PDA, TLEA and OMA
in isolate AS-4, whereas thick mycelium growth was observed on Waksman’s,
MEA, CMA, PDA+CaCosz, MA, Martin’s and GPYA medium and thin on YPSS,
Czapek Dox and Asthana & Hawker’s medium. Only WA medium showed very
thin mycelium in isolate AS-4. However, isolate AS-5 showed very thick
mycelium mat on all the culture media. Isolate AS-6 was produced very thick
mycelium mat on PDA, TLEA and PDA+CaCos, thick on MEA, CMA, OMA,
Martin’s and GPYA and thin on Czapek Dox, YPSS, Waksman’s, Asthana &
Hawker’s and MA medium. However, very thin mycelium mat was observed on
WA medium. In case of isolate AS-7, very thick mycelium growth was noticed on
CMA, Asthana & Hawker’s and OMA medium, thick on PDA, YPSS, Waksman’s,
MEA, PDA+ CaCos and Martin’s, thin on Czapek Dox, TLEA, MA and GPYA
medium, while very thin mycelium was observed on WA medium. Among the
isolates, isolate AS-1, AS-2, AS-4, AS-5 and AS-6 produced very thick mycelium
on PDA medium, whereas isolate AS-3 and AS-7 produced thick mycelium. The
other media also showed variations among the isolates in the thickness of

mycelium mat are furnished in table 4.16 (Plate 4.5 a,b,c,d).
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4.6.8: Effect of culture media on sporulation of different isolates of Alternaria

solani

Data pertaining to sporulation of different Alternaria solani isolates on
different culture media have been presented in Table 4.17 indicated that the
sporulation of different isolates of Alternaria solani showed highly variation on
different media. Isolate AS-3, AS-5, AS-6 and AS-7 had excellent sporulation on
PDA, TLEA, CaCos, MA, GPYA and WA media except in isolate AS-5 with good
sporulation on GPYA medium, However, isolate AS-1, AS-2 and AS-4 had
moderate sporulation on the same media except AS-2 isolate with poor sporulation
on TLEA medium. In the isolate AS-1 no sporulation was recorded on YPSS,
CMA and OMA medium. The PDA, TLEA, CaCos;, MA, GPYA and WA media
were found better for sporulation which exhibited excellent sporulation of
Alternaria solani isolates. Isolate AS-3, AS-5, AS-6 and AS-7 were found virulent

as compare to isolate AS-1, AS-2 and AS-4 regarding sporulation.

The result obtained in the present study at par with the finding of
Arunakumar (2006). They reported variation in colony characters among the A.
solani isolates on PDA medium. Similar result was also obtained by Koley and
Mahapatra (2015), Hubballi et al. (2010), Kaul and Saxena (1988). Kumar et al.
(2015) conducted an experiment on effect of culture media on various cultural
characters of Alternaria solani. Alternaria solani grow well on Czapek dox agar
medium and Jenson medium but maximum average radial growth of 54.7 mm was
recorded on PDA at 25 °C temperature with pH 7.5. Rahmatzai et al. (2016) reveal
that maximum mycelial growth of AS1 was noted with Sabouraud’s Agar medium
(9 cm) followed by host agar medium (8.7cm) and PDA (7.9cm). While, the
maximum linear growth of AS2 was recorded with Richard’s Agar (9cm) followed
by Czapeck’s Agar (8.6cm) and Sabouraud’s Agar (8.5cm).Isolates of A. solani
showed highly variation in pigmentation, sporulation and feature of mycelial

growth such as colony surface, growth margin and zonation. (Plate 4.5 a,b,c,d).
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Table 4.15: Effect of culture media on topography of different isolates of Alternaria solani

Topography of different isolates of Alternaria solani on different culture media

Isolates
ppA PP PSS Waksman’s MEA TLEA CMA oma ASthana& PDA+ o vartins GPYA WA
Dox Hawker’s Cacos
AS-1  Aerial Merged Sub- Merged  Aerial  Aerial Sub- — Sub- Merged  Merged Sub- Aerial Sub- Merged
merged merged merged merged merged
AS-2  Aerial Merged Merged Sub-merged Aerial Aerial Aerial  Aerial Merged Aerial Merged  Merged mSeLrJSc; q Merged

Sub- Sub- Sub- Sub- Sub-

AS-3  Aerial Merged Merged Merged Merged merged merged merged merged merged

Merged Merged Merged Merged

Aerial
. Sub- . with Sub- Sub- Sub- Sub- Sub-
AS-4  Aerial Merged merged Sub-merged  Aerial white merged merged Merged  Merged merged  merged  merged Merged
dots
ASS  Aerigl  oub-  Submer Sub-merged Sub- - Sub- ol Aerial Merged  Aerial Sub- Sub- Aerial  Merged
merged ged merged merged merged  merged
AS-6  Aerial Merged Merged Merged Aerial  Aerial Sub- Sub- Merged Sub- Merged Sub- Aerial Merged
merged merged merged merged
Sub- Sub- . Sub- Sub- . .
AS-7 Merged Merged merged Merged ged a merged  merged Merged Aerial  Merged  Aerial Merged Merged

Note: YPSS — Yeast Powder Soluble Starch, MEA — Malt Extract Agar, TLEA — Tomato Leaf Extract Agar, CMA — Corn Meal Agar, OMA — Oatmeal Agar, PDA +
CaCo; — Potato Dextrose Agar + CaCoz MA — Mineral Agar, GPYA — Glucose Peptone Yeast Extract Agar, WA — Water Agar
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Table 4.16: Effect of culture media on thickness of mycelium growth of different isolates of Alternaria solani

Thickness of mycelium growth of different Alternaria solani isolates on different culture media

Isolates

pDA CZPK  ypss waksman’s MEA TLEA CMA OMA Asthana& PDA+ -y iss GPYA WA
Dox Hawker’s Cacos

Very . . , . : Very  Very : ' . : . Very
AS-1 thick Thin  Thin Thin Thick  Thick thick  thick Very thin  Thick Thin  Thick  Thick thin
Very . . . . Very Very Very . Very . . . Very
AS-2 thick Thin Thin Thick Thick thick  thick  thick Thin thick Thin Thin Thick thin
AS-3  Thick Thin Thin  Thin  Thin Thick Thick Thick  Thin  Thick Thin  Thin  Thin \t/rirny
Very . . . . Very . Very . . . : . Very
AS-4 thick Thin Thin Thick Thick thick Thick thick Thin Thick Thick Thick  Thick thin
AS-5 Very  Very Very Very Very Very Very Very Verv thick Very Very  Very Very Very
thick  thick  thick thick thick thick thick thick y thick  thick thick thick  thick
i Very . . : . Very . . . Very . : . Very
AS-6 thick Thin Thin Thin Thick thick Thick Thick Thin thick Thin Thick  Thick thin
. . . : . : Very  Very . . . : . Very
AS-7 Thick  Thin  Thick Thick Thick  Thin thick  thick Verythick Thick Thin  Thick  Thin thin

Note: YPSS — Yeast Powder Soluble Starch, MEA — Malt Extract Agar, TLEA — Tomato Leaf Extract Agar, CMA — Corn Meal Agar, OMA — Oatmeal Agar, PDA +
CaCo; — Potato Dextrose Agar + CaCo; MA — Mineral Agar, GPYA — Glucose Peptone Yeast Extract Agar, WA — Water Agar
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Table 4.17: Effect of different culture media on sporulation of different isolates of Alternaria solani

Sporulation of different isolates of Alternaria solani

| DA
olates oA C7Pek o Waksman’s MEA TLEA CMA OMA ~Sthana& = =\ \ Martin’s GPYA WA
Dox Hawker’s
Cacos
AS-1 ++ + - + + ++ - - + ++ ++ + + ++
AS-Z ++ + ++ ++ ++ + ++ + ++ ++ ++ + ++ ++
AS-3  ++++ + +++ +++ FH+ b o+ TIII R I ++ bt bt
AS-4  ++ ++ + ++ ++ ++ + + ++ ++ ++ + ++ ++
AS-5  ++++ + ++ +++ ++ 4+ + +++ o+ b+ bt ++ F++
AS-6  ++++ ++ +++ +++ FH+ Rt bt bbbt R bt bt bt
AS-7  ++++ + 4+ o+t +++ e+ + +++ +++ b+ Rt e bR Rt
Note:

1. YPSS - Yeast Powder Soluble Starch, MEA — Malt Extract Agar, TLEA — Tomato Leaf Extract Agar, CMA — Corn Meal Agar, OMA — Oatmeal Agar, PDA
+ CaCo; — Potato Dextrose Agar + CaCoz MA — Mineral Agar, GPYA — Glucose Peptone Yeast Extract Agar, WA — Water Agar

2. -=(0spore) No sporulation, + = (1-10 spore per microscopic field) Poor sporulation, ++ = (11-20 spore per microscopic field) moderate sporulation, +++ =
(21-30 spore per microscopic field) good sporulation, ++++ = ( more than 30 spore per microscopic field) excellent sporulation
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Potato Dextrose Agar Oat Meal Agar  Asthan & Hawker’s  Corn Meal Agar PDA+CaCo,

. Tomato Leaf Extract Czapek Dox Waksman’s Malt Extract Agar Mineral Agar

Water Agar

Potato Dextrose Agar Oat Meal Agar Asthan & Hawker’s  Corn Meal Age PDA+CaCo;,

o
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Tomato Leaf Extract Czapek Dox Waksman’s Malt Extract Agar Mineral Agar

Martin’s Water Agar

Plate 4.5a: Effect of culture media on colony characters of Alternaria solani isolate
AS-1 and AS-2



93

@®s oo

Potato Dextrose Agar ~ Oat Meal Agar Asthan & Hawker’s Corn Meal Agar PDA+CaCos

@ o° 00~

Tomato Leaf Extract Czapek Dox

Waksman’s Malt Extract Agar Mineral Agar

Martin’s GPYA Water Agar

Potato Dextrose Agar Oat Meal Agar  Asthan & Hawker’s

Corn Meal Agar PDA+CaCo;,

® - =« ©e

Tomato Leaf Extract Czapek Dox Waksman’s Malt Extract Agar

Mineral Agar

Martin’s GPYA

oy

_ AS-4

Water Agar

A
y S =

Plate 4.5b: Effect of culture media on colony characters of Alternaria solani isolate
AS-3 and AS-4
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Potato Dextrose Agar Oat Meal AgéL Asthan & Hawker’s Corn Meal Agar PDA+Ca003
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Martin’s Water Agar
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Plate 4.5c: Effect of culture media on colony characters of Alternaria solani isolate
AS-5 and AS-6
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Plate 4.5 d: Effect of culture media on colony characters of Alternaria solani isolate AS-7
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4.7. Effect of liquid media on Mycelium dry weight (biomass) production of

different isolate of A. solani

The biomass of Alternaria solani was recorded on different liquid media
after 10 days of inoculum have been presented in table 4.18 revealed that the
mycelia dry weight of Alternaria solani was showed significant difference on
among the isolate on all the liquid media (Plate 4.6 a,b). Maximum mycelium dry
weight (300.54 mg) was obtained on oatmeal broth followed by potato dextrose
broth (297.21mg), tomato leaf extract broth (292.55mg) and cornmeal broth with
(286.63mg), while minimum mycelium dry weight (73.29mg) was observed on
mineral broth. Among the isolates, isolate AS-6 was showed maximum mycelium
dry weight (224.62mg) followed by AS-5 (216.77mg) and AS-4 (215.69mg).
However, least mycelium dry weight (129.06mg) was obtained in isolate AS-7.
Interaction was found significant. Maximum mycelium dry weight was obtained
(334.00mg) on isolates AS-1in oatmeal broth and minimum mycelium dry weight

(45.45mg) was observed in Isolate AS-7 on Mineral broth.

The present findings are similar with the result of Koley and Mahapatra (2015)
who reported that Richard’s broth and Sabouraud’s broth among liquid media
appeared be better than other media for growth of tomato early blight causing

fungi. Similar results were also obtained by Somappa et al. (2013).
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Table 4.18: Mycelium dry weight of different isolates on different broth after

10 days after incubation

Mycelium dry weight after 10 days after incubation

Media (mg)

AS-1 AS-2 AS-3 AS-4 AS5 AS-6 AS-7 Mean
Potato Dextrose
Broth 326.00 321.00 238,50 321.00 318.00 328.00 228.00 297.21
Oat Meal Broth 334.00 331.00 240.75 326.00 322.00 328.00 222.01 300.54
PDA + Caco3
Broth 270.00 263.00 186.00 253.00 274.00 276.00 157.20 239.89
Tomato Leaf
Broth 310.00 318.00 239.26 325.00 320.00 324.00 21158 292.55
Corn Meal
Broth 317.00 324.00 24750 318.00 286.00 315.00 198.92 286.63
GPY Broth 265.00 241.00 195.00 258.00 276.00 268.00 177.31 240.04
Malt Extract
Broth 195.00 252.00 150.75 282.00 286.00 297.00 113.24 225.14
YPSS Broth 161.00 145.00 109.50 208.00 204.00 187.00 77.48 156.00
Czapek Dox
Broth 105.00 114.00 9450 130.00 135.00 149.00 73.01 114.36
Martin's Broth 87.00 89.00 6450 94.00 101.00 138.00 58.86 90.34
Mineral Broth 7400 82.00 5400 78.00 91.00 93.00 4545 73.92
Waksman's
Broth 78.00 98.00 72.00 100.00 108.00 114.00 61.09 90.16
Asthana &
Hawkar's Broth  81.00 106.00 81.75 111.00 97.00 103.00 53.64 90.48
Mean 200.23 206.46 151.85 215.69 216.77 224.62 129.06

CV (%) SEmz CD at 5%

Factor(A) 2.66 7.44
Factor(B) 6.35 1.95 5.46
Factor(A X B) 7.04 19.67
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Plate 4.6a: Mycelium growth and pigmentation of different isolates of Alternaria solani on liquid
media
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Plate 4.6b: Mycelium growth and pigmentation of different isolates of Alternaria solani on liquid

media

Note: 1= Potato dextrose broth

2= Oatmeal Broth

3= Potato+CaCO4 Broth

4= Tomato leaf Extract Broth
5= Cornmeal Broth

6= Glucose Peptone Yeast Broth
7= Malt Extract Broth

8=YPSS Broth

9= Czepak Dox Broth

10= Martin’s Broth

11= Minerals Broth

12= Waksman’s Broth

13= Asthana & Hawkar’s Broth
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4.8 Effect of pH on colony diameter, sporulation and mycelium dry

weight of Alternaria solani

Effect of different pH level on colony diameter, sporulation and mycelium
dry weight of Alternaria solani Isolate AS-6 on PDA medium have been presented
in table 4.19. Maximum colony diameter (89.16mm) was observed at 6.5 pH level
followed by 6.0 pH level (78.04mm), while minimum colony diameter (35.32mm)
was observed at 8.5 pH. However, mycelium dry weight was observed maximum
at pH 6.5 (330.03 mg). It was found at par with pH 6.0 (316.06mg) and significant
higher over rest of pH levels. Minimum mycelium dry weight (109.32 mg) was

obtained at 8.5 pH level (Plate 4.7).

In case sporulation, pH level influenced the sporulation of A. solani.
Excellent sporulation was observed at pH level 6.0 to 7.0, good sporulation at 5.0,
5.5 and 7.5 pH levels and moderate sporulation was observed at 4.5pH, while poor

sporulation was recorded at 4.0, 8.0 and 8.5 pH level (Table 4.19).

The results of the experiment indicated that Alternaria solani prefers a pH
range of 6.0 to 7.0 for growth, sporulation and biomass production. The present
finding confirming with the results obtained by Alhussaen (2012) they observed
that the optimum pH level of Alternaria solani grow in vitro were 6-7. Similar
types of result were also obtained by several workers. Samuel and Govindaswamy
(1972) demonstrated that good mycelial growth and sporulation of A. solani
between pH 4.0 to 8.0 and pH 5.0 was the best for mycelia growth and pH 7.0 for
sporulation. Gemawat and Ghosh (1980) observed that the A. solani was capable to
grow on wide range of pH (4.0 to 9.5) and maximum growth and sporulation were

observed at 6.3 pH.
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Table 4.19: Effect of pH on colony growth, sporulation and mycelium dry

weight of Alternaria solani isolate AS-6

oH Colony diameter Sporulation Mycelium dry weight
(mm) (mg)
4.0 42.25 + 132.44
4.5 47.77 ++ 177.57
5.0 57.84 +++ 223.20
5.5 64.83 +++ 269.91
6.0 78.04 ++++ 316.06
6.5 89.16 ++++ 330.03
7.0 75.32 ++++ 303.50
7.5 62.33 +++ 252.89
8.0 45.20 + 143.93
8.5 35.32 + 109.32
CV (%) 5.50 5.59
SEmz+ 1.90 7.29
CD at 5% 5.64 21.65

- = (0 spore) No sporulation, + = (1-10 spore per microscopic field) Poor
sporulation, ++ = (11-20 spore per microscopic field) moderate sporulation, +++ =
(21-30 spore per microscopic field) good sporulation, ++++ = (more than 30 spore

per microscopic field) excellent sporulation.
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Plate 4.7: Effect of pH on Alternaria solani isolate AS-6 on
PDA medium

Plate 10: Effect of temperature on colony growth of Alternaria
solani isolate AS-6 on PDA medium
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4.9: Effect of temperature on colony growth and sporulation of

Alternaria solani isolate AS-6

The results obtained are presented in table 4.20 reveal that the mycelium
growth of Alternaria solani was significantly influenced with temperature (Plate
4.8). Maximum colony growth of 89.78 mm was recorded at 25°C followed by
30°C (78.10mm), 20°C (58.64mm), 35°C (30.50mm), 15°C (24.32mm) and
minimum colony growth (18.36 mm) was recorded at 40°C. Temperature also
influenced the sporulation of Alternaria solani on PDA medium. Excellent
sporulation was noticed at 20°C and 25°C temperature, good sporulation at 30°C
and poor sporulation was observed at 15 and 35°C. However, no sporulation was

found at 40°C temperature.

Table 4.20: Effect of temperature on colony growth and sporulation of

Alternaria solani isolate AS-6

Temperature (°C) Colony diameter (mm) Sporulation
15 24.32 +
20 58.64 F+++
25 89.78 ++++
30 78.10 et
35 30.50 +
40 18.36 -
CV (%) 3.77
SEmz+ 0.94
CD at 5% 2.82

- = (0 spore) No sporulation, + = (1-10 spore per microscopic field) Poor
sporulation, ++ = (11-20 spore per microscopic field) moderate sporulation, +++ =
(21-30 spore per microscopic field) good sporulation, ++++ = (more than 30 spore

per microscopic field) excellent sporulation.



104

The result of experiment indicated that Alternaria solani preferred
temperature range of 25°C to 30°C for its growth and sporulation. The present
findings are similar with the result of Kaul and Saxena (1988) who reported that
the maximum growth of A. solani was obtained at 25°C followed by 20, 15, 10 and
5°C and least growth at 35°C temperature. Similar types of results were also
obtained by Arunakumara (2006). he reported A. solani produced maximum
growth at 25 to 30°C temperature. Similar results were also reported by several
workers (Kemmitt, 2002; Rodrigues et al., 2010; Hubballi et al., 2010).

4.10 In vitro evaluation of plant extracts, fungicides and bio-control

agents against Alternaria solani

4.10.1 Evaluation of plant extracts against Alternaria solani

Data regarding on in vitro efficacy of plant extracts against Alternaria
solani have been presented in table 4.21 indicated that significant difference on
mycelium growth was recorded in different plant extract in at all the
concentrations. Among the six plant extract tested, most effective plant extract was
found Allium sativum which exhibited minimum mycelium growth (53.87mm). It
was significantly lower of over rest of the plant extracts. However, maximum
mycelium growth (84.67mm) was observed in Euphorbia hirta. In case of
concentrations, minimum growth of the mycelium was observed in higher
concentration (5%) in all the plant extracts. It’s indicated that the mycelium growth
was reduced with gradually increased in concentration of plant extract (Plate 4.9).
Interaction was found significant. In case of interaction between plant extract and
concentration, minimum mycelium growth (49.33mm) was found in Allium
sativum @ 5% which was at par with Crotalaria juncea @ 5%(50.00mm), Allium
sativum @ 4% (50.67mm), Azadirachta indica @ 5% (52.00mm), Allium sativum
@ 3% (52.33mm), Eucalyptus spp. @ 5% (52.33mm), Crotalaria juncea @4%
(53.00 mm), Crotalaria juncea @3% (54.33 mm) and Azadirachta indica @ 5%

(55.33mm) and significantly lower over rest of concentrations of plant extracts.
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Table 4.21: In vitro efficacy of botanicals against Alternaria solani

Mycelium diameter (mm) at different concentrations

Botanicals
1% 2% 3% 4% 5% Mean

P ~Daturastramonium 76,00 7400 71.00 71.67 67.67  72.07
P -Azadirachtaindica  70.33  66.33 63.67 5533 5200 61.53
P, — Allium sativum 60.33  56.00 5233 50.67 49.33  53.87
P, — Eucalyptus spp. 7367 6600 59.67 57.00 5233  61.73
P_—Crotalaria juncea 61.33  59.67 5433 5300 50.00 5553

P, — Euphorbia hirta 87.33  86.00 8467 8333 8200 8467

Control 89.93 89.93 8993 89.93 89.93  89.93
Mean 74.13 71.13 67.94 65.85 63.32
CV (%) SEmz+ CD at 5%
Botanicals 0.95 2.68
Concentration 5 37 0.80 2.27
Botanicals X

Concentration 2.12 5.99

On the other hand, maximum inhibition in mycelium growth was noticed in
Allium sativum @ 5% (45.15%) followed by Crotalaria juncea @ 5% (44.40%),
Allium sativum @ 4% (43.66%), Azadirachta indica @ 5% (42.18%), Allium
sativum @ 3% (41.81%), Eucalyptus spp. @ 5% (41.81), while minimum
inhibition in mycelium growth of 2.89% was recorded in Euphorbia hirta @ 1%
(Fig. 4.4).

The present findings are confirmed with the results of Nashwa et al. (2012)
they reported leaf extracts of D. stramonium, A. indica, and A. sativum @ 5%
inhibited highest mycelial growth of A. solani (44.4, 43.3 and 42.2%, respectively).
Dalpati et al. (2010) tested ten botanicals viz. Neem, Custard apple, Lantana,
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Plate 4.10: In vitro efficacy of fungicides against Alternaria solani
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Eucalyptus, Marigold, Tamarind, Kanher, Garlic, Datura and Congress grass
against the Alternaria macrospora causing leaf spot of cotton. The percent
inhibition of botanicals ranged from 44.59 to 8.25 percent. Similar results were
also reported by Sadana, and Didwania (2015) he reveal that the fresh aqueous
extract of Eucalyptus obligua @ 15% was most effective which exhibited 88
percent inhibition of mycelial growth of A. solani strain Al followed by Datura

stamonium, Azadirachta indica, Calotropis procera and Polyalthia longifolia.

m1% m2% m3% H 4% B 5%

50.00 -

45.00 -

40.00 -

35.00 -

30.00 -

25.00 -

20.00 -

Inhibition (%)

15.00 ~

10.00 ~

5.00 ~

0.00

Datura Azadirachta Allium  Eucalyptus spp. Crotalaria  Euphorbia
stramonium indica sativum juncea hirta

Plant Extracts
Fig. 4.4: In-vitro evaluation of plant extracts Alternaria solani

4.10.2 Evaluation of fungicides against Alternaria solani

Six fungicides were assessed in vitro to find out the most effective
fungicide against A. solani at different concentrations viz. 50, 100. 250, 500, and
1000ppm using poison food technique. The results are presented in table 4.22
reveal that the significant difference among fungicides against A. solani was
observed. Fungus growth was checked in Hexaconazole 5% EC at 100ppm, while
in Trifloxystrobin 25% w/w + Tebuconazole 50%WG at 500ppm and
Thiafluzamide 24% SC at 500ppm concentration (Plate 4.10).



Table 4.22: In vitro efficacy of fungicides against Alternaria solani
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Fungicides

Colony diameter (mm) at different concentration

50ppm 100ppm 250ppm 500ppm 1000ppm Mean

Trifloxystrobin 25%

w/w + Tebuconazole  26.33  20.67 13.00 0.00 0.00 12.00
50%WG
Difenconazole 25 EC  67.00  64.33 62.00 61.00 59.00 62.67
Hexaconazole 5 EC 12.33 0.00 0.00 0.00 0.00 2.47
Propineb 70 WP 65.67  65.00 62.67 61.33 55.33 62.00
';;;)Xsﬁtmbi” 6267 6067 2633 1333 633  33.87
;Zzggzamide 1367 1133 733 000 000 647
Control 89.27  89.27 89.27 89.27 89.27 89.27
Mean 48.10  44.47 37.23 32.13 29.99
CV (%) SEmz CD at 5%

Fungicides 0.94 2.65

Concentration 9.51 0.79 2.24
Among the six fungicides, most effective fungicides was found

Hexaconazole 5% EC which exhibited 100.00 percent inhibition in mycelium
growth at 100 ppm followed by Thiafluzamide 24% SC and Trifloxystrobin 25%

w/w + Tebuconazole 50%WG at 500 ppm. However, other fungicides were unable

to check 100.00 percent mycelium growth up to 1000 ppm concentration (Fig. 4.5).
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The present findings are similar with the result of Singh and Singh (2006)
reported that the Hexaconazole 5% EC was very effective as it caused 100%
growth inhibition of A. alternata. Similar type of result were also obtained by
Mesta et al. (2009) who reported that the maximum inhibition of mean fungal
growth of Alternaria helianthi in hexaconazole (72.87%) followed by
difenoconazole (72.61%), mancozeb (58.29%), chlorothalonil (51.54%) and captan

(50.43%).

B 50 ppm =100 ppm ® 250 ppm E 500 ppm 1 1000 ppm

100.00 ~

90.00 -

80.00 -

70.00 -

60.00 -

Inhibition (%)
S
8

40.00 A
30.00 - B
20.00 -
10.00 -
—
0.00 - . Difenconazole Propineb . Thiafluzamide
Trifloxystrobin 25% + 25 o4EC Hexaconazole 70% WP Azoxystrobin 28%SC
Tebuconazole 50%WG 5% EC 0 23%SC

Fungicides
Fig. 4.5: In-vitro evaluation of fungicides against Alternaria solani
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4.10.3 Efficacy of bio - control agents against Alternaria solani

Experimental data pertaining to in-vitro efficacy of bio-control agents
against A. solani have been presented in table 4.23 and illustrated in figure 4.6
indicated that the significance different were observed among the all bio-control
agents. Among these bio-control agents, P. fluorescens showed maximum
inhibition in mycelium growth (60.34%) followed by Trichoderma harzianum
(55.89%), while minimum mycelium growth inhibition was observed in
Trichoderma viride (52.93%). On the other hand, maximum colony growth of A.
solani was observed in Trichoderma viride (42.33mm) followed by T. harzianum

(39.67mm) and P. fluorescens (35.67mm) (Plate 4.11).

Table 4.23: In vitro efficacy of bio-control agents against Alternaria solani

Bi-control agents Mycelium diameter (mm) Percent inhibition
P. fluorescens 35.67 60.34
Trichoderma viride 42.33 52.93

T. harzianum 39.67 55.89
Control 89.93 0.00

CV (%) 8.35 -

SEmz+ 1.94 -

CD at 5% 5.85 -
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The result of present findings are supported with the finding of Babu et al.
(2000c) they reported that all the six isolates of P. fluorescens used, were
significantly inhibited the growth of A. solani compared to control. Casida and
Lukezie (1992) reported that Pseudomonas strain 679-2 was able to reduce the
severity of the leaf spot disease caused by A. solani. Similar type of results was

reported also by Leifort et al. (1992), Koley et al. (2015).

62 -

60 -

58 -

Inhibition (%)

54 -

52 -

48

P. fluorescens Trichoderma viride T. harzianum

Bio-control agent

Fig. 4.6: In vitro efficacy of bio-control agents against Alternaria solani
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Trichoderma harzianum

P. fluorescens Control
7»_-1 % L ."Nf\ X »

Plate 4.11 : In vitro efficacy of bio-control agents against
Alternaria solani
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4.11 Integrated effect of fungicides, bio-control agent and

botanicals on early blight of tomato under field condition

4.11.1 Integrated effect of fungicides, Pseudomonas fluorescens and NSKE on

early blight intensity on tomato

Integrated effect of fungicides, P. fluorescens and NSKE was studied
against early blight disease severity on Pusa Ruby variety of tomato and results are
presented in table 4.24 and illustrated in Fig. 4.7. The data on PDI of early blight
was recorded periodically intervals of 15 days after spray. After 15 days of spray
minimum disease intensity (2.0%) was recorded in treatment T = Propineb @ 3g

/kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @ 0. 05% (FS) + NSKE
@5% (FS) which was at par with T3, T4 and Tg and significantly lower over Ty, T,
T; and Tg = Control. Whereas, 30 days after spray minimum disease intensity
(4.00%) was recorded in T 5 which was at par with T4 and Tg and significantly
lower over rest of the treatments. After 45 days of spray, minimum disease
intensity (8%) was noticed in treatment Ts_ It was at par with treatment T g which
exhibited 10.67 percent disease intensity. Same trend was found 60 days after
spray. Whereas, 75 days after spray treatment Ts was found significantly superior
over rest of the treatments which exhibited minimum disease intensity of 33.33
percent. In case of 90 days of spray, minimum disease intensity (43.33%) was
recorded in treatment Ts which was at par with Tg and significantly lowers over
rest of treatments. While, maximum disease intensity of 83.33 percent was
recorded in control plot (Plate 4.12a,b).

On the other hand, maximum reduction in disease intensity of 81.26, 76.00,
79.31, 73.08, 54.55 and 48.00 was recorded after 15, 30, 45, 60, 75 and 90 days of
spray, respectively in treatment T, = Propineb @ 3g /kg (ST) + Trifloxystrobin
25% + tebuconazole 50% WG @ 0. 05% (FS) + NSKE @5% (FS) followed by T6
= Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @ 0.1% + NSKE @5% (FS)
and T,=Pr opineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG

@ 0. 05% (FS) + Pseudomonas fluorescens @ 1x 109 (FS) (Fig. 4.7).
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Table 4.24: Integrated effect of fungicides, Pseudomonas fluorescens and

NSKE on intensity of early blight in tomato under field condition

Disease Intensity (%)

Treatments 15DAS 30 DAS 45DAS 60DAS 75 DAS D?gs
T.=Propineb @ 3g /kg (ST
1~ToP @ go 965N a3 100 200 2800 6267 7200
+ Azoxystrobin 23%SC @ (1537) (20.08) (27.91) (38.03) (52.41) (58.16)
0.1% (FS)
TZ:Propineb @ 3g /kg (ST)
+ Trifloxystrobin 25% +  6.00 10.67  19.33  34.67 58.00 68.67
tebuconazole 50% WG@ 0. (14.04) (18.94) (26.05) (36.04) (49.63) (56.03)
05% (FS)
T3:Propineb @ 3g /kg (ST)
+ Azoxystrobin 23%SC @  4.67 8.67 1533  28.67 50.67 60.00
0.1% (FS) + Pseudomonas (12.03) (16.95) (22.97) (32.34) (43.37) (50.83)
9
fluorescens @ 1x 10 (FS)
T4:Propineb @ 39 /kg (ST)
+bTriﬂ°Xy|Str°bi” 250%) T 400 733 1333 2467 4600 5533
tebuconazole 50% WG @ 0. ' : ' ' ' '
0% (FS) + Pseudomonas (11.28) (1546) (21.32) (29.70) (43.68) (48.09)
fluorescens @ 1x 10 (FS)
TS:Propineb @ 39 /kg (ST)
+ Trifloxystrobin 25% + 5459 400 goo 1400 3333 4333
tebuconazole 50% WG @ 0. (g 13y  (11.28) (16.34) (21.83) (33.18) (41.14)
05% (FS) + NSKE @5%
(FS)
T =Propineb @ 3g /kg (ST
6 OP @ go I 667 1067 1933 4333 50.67
+ Azoxystrobin 23%SC @ (10.40)  (14.79) (18.98) (26.00) (41.14) (45.37)
0.1% + NSKE @5% (FS)
T7:Propineb @ 3g /kg (ST)
+ NSKE @ 5% (FS) + 867 1467 3133 4600 7000 77.33
Pseudgomonas fluorescens @ (16.95) (22.32) (33.94) (42.68) (56.90) (61.96)
1x 10
_ 1067 1667 3867 5200 7333 83.33
T =Control (water only) (18.98) (24.03) (28.39) (46.13) (59.06) (66.67)
CV (%) 1729 1334 1061 918 974 1155
SEm+ 1.32 128 173 197 291 357
CD at 5% 3.72 336 483 554 823 992
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W 15 DAS W 30 DAS 45 DAS W 60 DAS m 75 DAS W 90 DAS

90.00 -

80.00 -

70.00 -

60.00 -

50.00

40.00

30.00
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20.00

10.00 -

0.00

T1 T2 T3 T4 T5 T6
Treatments

Fig. 4.7: Integrated effect of fungicides, Pseudomonas fluorescens and NSKE on intensity of early
blight in tomato under field condition

T7
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4.11.2 Integrated effect of fungicides, Pseudomonas fluorescens and NSKE on
AUCPC of early blight in tomato

Data pertaining to AUDPC in different treatments have been illustrated in
figure 4.8 indicated that the minimum AUDPC (1275) was recorded with the
application of treatment Ts = Propineb @ 3g /kg (ST) + Trifloxystrobin 25% +
tebuconazole 50% WG @ 0. 05% (FS) + NSKE @5% (FS) followed by T, =

Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @ 0.1% + NSKE @5% (FS)
(1680), T,=Pr opineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50%
WG @ 0. 05% (FS) + Pseudomonas fluorescens @ 1x 109 (FS) (1905), T, =
Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @ 0.1% (FS) + Pseudomonas
fluorescens @ 1x 10° (FS) (2140), T, = Propineb @ 3g /kg (ST) + Trifloxystrobin
25% + Tebuconazole 50% WG@ 0. 05% (FS) (2535), T, = Propineb @ 3g /kg
(ST) + Azoxystrobin 23%SC @ 0.1% (FS) (2780) and T, = Propineb @ 3g /kg

(ST) + NSKE @ 5% (FS) + Pseudomonas fluorescens @ 1x 109 whereas
maximum AUDPC (3655) was recorded in control plot.

4000 - 3655
3500 - 3270
| 2780
3000 5535
O 2500 - 2140
o. 1905
g 2000 - 1680
<C 1500 - 1275
1000 -
500 -
0
T1 T2 T3 T4 TS T6 T7 T8
Treatments
Fig. 4.8: Integrated effect of fungicides, Pseudomonas fluorescens and NSKE
on AUCPC of early blight on tomato
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The result of present findings are partially to agreement with the results
obtained by Ganie et al. (2013) they reported that the seed treatment with
mancozeb 75WP (0.3 %) + foliar spray with hexaconazole 5 EC (0.1%) + foliar
spray with Dhatura (5.0%) + foliar spray with Trichoderma harzianum (1 x 10’
spore/ml) was highly effective in controlling the disease severity of early blight of
tomato. Similar type result also was obtained by Horsfield et al. (2010) and
Kavyashree et al. (2016). Sallam (2011) studied the effect of six plant extracts and
some fungicides against Alternaria solani in vivo. The greatest reduction of disease
severity was achieved by Redomil Plus 74.2% followed by A. sativum @ 5% and
the smallest reduction was obtained when tomato plant was treated with O.
basilicum @1 and 5% (46.1 and 45.2%, respectively). Fungicide, D. stramonium
and A. sativum at 5% increased in fruit yield 85.7, 76.2 and 66.7% compared to
infected control. Soni et al. (2015) evaluated bionanoformulation (Cu-chitosan) in
integration with fungicide and botanicals to develop effective management
strategies against early blight of tomato caused by Alternaria solani. Under pot
study the integration of three component; Cu- chitosan 0.1% as seed treatment with
spray of Mancozeb 0.25% and neem oil 2% was found best that gave maximum
efficacy of disease control (43.01 and 50.81%) with minimum PDI mean (27.50
and 30.38%), respectively, at first and second spray of the treatment as compare to
inoculated control. Rani et al. (2017) developed integrated disease management
module for early blight of tomato fungicides, plant extracts and bio agents were
integrated in different treatments and applied in field with varying spray schedules
consecutively for two seasons. It was observed that treatment comprising of
Mancozeb (0.25%), Datura (50%) and T. harzianum S.T (1x107 spores ml™)
reduced disease intensity up to 84.00% followed by treatment comprising of
Mancozeb (0.25%) and T. harzianum S.T (1x107 spores ml™) which reduced

disease intensity to 82.33%.
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T, =Pr opineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG
@ 0. 05% (FS) + Pseud ¥ @ 1x 10° (FS)

Soas i o o

= Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG@ 0. 5 =Propineb @ 3g /kg (S '[tiﬂoxysnobin% +tebuconazole 50% WG @ 0.
05% (¥S) 05% (FS) + NSKE @5% (FS)

Plate 4.12a: Effect of different treatments on early blight of tomato under field condition

T
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T, — Propineb @ 3¢ /kg (ST) + Azoxystrobin 23%SC @ 0.1% + NSKE @5% (FS)

~ 7 - 2 3 4

Tg = Control (water only)

Plate 4.12b: Effect of different treatments on early blight of tomato
under field condition
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4.11.3 Integrated effect of fungicides, Pseudomonas fluorescens and NSKE on

number of fruits and fruit yield of tomato under field condition
4.11.3.1 Number of fruits plant™

Highest number of fruits (45.93 plant™) was recorded in the treatment
Ts=Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @
0.05% (FS) + NSKE @5% (FS)) which was at par with T6=Propineb @ 3g /kg
(ST) + Azoxystrobin 23%SC @ 0.1% + NSKE @5% (FS) (41.53 plant™) and
T4=Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @
0.05% (FS) + Pseudomonas fluorescens @ 1x 10° (FS) (40.00 plant™) and
significantly higher over rest of treatments. In control plot it was recorded lowest
(22.27plant™) (Table 4.25). In case of avoidable losses in number of fruit, highest
losses in number of fruit can be avoided (51.51%) with the application of
treatment Ts = Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50%
WG @ 0. 05% (FS) + NSKE @5% (FS)) followed by T (46.38%), T4 (44.33%),
T; (38.48%), T, (33.06%), T1 (26.26%) and T+ (11.63%) (Fig. 4.9).

4.11.3.2 Fruit yield plant™

Data pertaining to fruit yield plant! have been presented in table 4.25
reveal that maximum fruit yield (1.301 Kg plant™) was recorded in treatment Ts =
Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @ 0.05%
(FS) + NSKE @5% (FS) followed by T¢ = Propineb @ 3g kg (ST) +
Azoxystrobin 23%SC @ 0.1% + NSKE @5% (FS) (1.198 Kg plant?) and T4 =
Propineb @ 3g kg™ (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @
0.05% (FS) + Pseudomonas fluorescens @ 1x 10° (FS) (1.147 Kg plant™). While,
least fruit yield per plant was recorded in control plot (0.716 Kg plant™). On the
other hand maximum losses in fruit yield per plant can be avoided (44.97 %) with
the application of treatment Ts followed by Tg (40.23%) and T, (37.58%) (Fig.
4.9).
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4.11.3.3 Fruit yield plot*

Maximum fruit yield per plot (84.574 Kg) was recorded in treatment Ts =
Propineb @ 3g/kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @ 0.05%
(FS) + NSKE @5% (FS) which was at par with T6 = Propineb @ 3g /kg (ST) +
Azoxystrobin 23%SC @ 0.1% + NSKE @5% (FS) (75.934 Kg) and significantly
higher over rest all the treatments. While, least Fruit yield per plot was recorded in

control plot (49.171 Kg) (Table 4.25).
4.11.3.4 Fruit yield (ha™)

Total fruit yield was significant higher in all the treatments over control.
However, maximum fruit yield (487.5 gha™) was obtained in Treatment Ts =
Propineb @ 3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @ 0.05%
(FS) + NSKE @5% (FS). It was significantly higher over rest of the treatments.
While, least fruit yield (283.85 q ha™) was recorded in control plot (Table 4.25).
Data of avoidable yield losses have been illustrated in figure 4.9 indicated that the
maximum avoidable yield losses (41.77%) was recorded in treatment T5 followed
by Ts (35.38%), T4 (31.65%), Ts (29.61%), T, (24.10%), T1 (19.72%) and T,
(18.45%).

Sallam (2011) reported greatest reduction of disease severity by Redomil
Plus 74.2% followed by A. sativum @ 5% and the smallest reduction was obtained
when tomato plant was treated with O. basilicum @1 and 5% (46.1 and 45.2%,
respectively). Fungicide, D. stramonium and A. sativum at 5% were increased in
fruit yield 85.7, 76.2 and 66.7% compared to infected control. Tewari and
Vishunavat (2012) evaluated fungicides along and with cultural practices to
develop an effective management strategy for early blight of tomato. Cultural
practices (inter cropping with marigold, mulching and stacking) when integrated

with fungicides reduced the percent disease index and increased the yield.
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Table 4.25: Integrated effect of fungicides, Pseudomonas fluorescens and

NSKE on number of fruits and fruit yield of tomato under field

condition
No. of Firel:: Fruityield Fruit
Treatments fruits Y or (kg) yield
per plant prl)ant per plot  (a/ha)

T1:Propineb @ 39 /kg (ST) +
Azoxystrobin 23%SC @ 0.1% (FS)
TZ:Propineb @ 39 /kg (ST) +

Trifloxystrobin 25% + tebuconazole ~ 33.27  0.996  64.400 373.96
50% WG@ 0. 05% (FS)

T ,=Propineb @ 3g /kg (ST) +

Azoxystrobin 23%SC @ 0.1% (FS)
+ Pseudomonas fluorescens @ 1x

10° (FS)
T4:Propineb @ 39 /kg (ST) +

Trifloxystrobin 25% + tebuconazole
50% WG @ 0. 05% (FS) + 40.00  1.147 70.278  415.27

9
Pseudomonas fluorescens @ 1x 10
(FS)
TS:Propineb @ 39 /kg (ST) +
Trifloxystrobin 25% + tebuconazole 45.93 1301 84574 4875
50% WG @ 0. 05% (FS) + NSKE
@5% (FS)
TG:Propineb @ 39 /kg (ST) +
Azoxystrobin 23%SC @ 0.1% + 41.53 1.198 75.934  439.24
NSKE @5% (FS)

T7=Propineb @ 39 /kg (ST) + NSKE @

30.20 0.942 61.378  353.59

36.20 1.097 69.505  403.24

5% (FS) + Pseudomonas 25.20 0.862 59.246  348.09
fluorescens @ 1x 109
T =Control (water only) 2227  0.716 49.171  283.85
CV (%) 14.34 9.538 12.312 12.31
SEmz 2.84 0.057 4.749 2.75

CD at 5% 8.70 0.174 14.544 8.42
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B Avoidable losses in No. fruits B Avoidable yield losses per plant (%)

B Avoidable yield losses per hactare (%)

60.00 -
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Treatments

Fig. 4.9: Integrated effect of fungicides, Pseudomonas fluorescens and NSKE on
number of fruits and fruit yield of tomato under field condition

4.11.4 Economics of different management practices

Economics of different treatments for the control of early blight of tomato
have been presented in Table 4.26 indicated that the cost of treatment per hectare
was Rs. 3468, 1340, 4596, 2468, 3375, 5503 and 3163 of treatment T, Ty, T3, Ta,
Ts, Teand Ty, respectively. Although higher return (Rs. 203700 ha™) was recorded
in treatment Ts followed by Tg (Rs. 155400 ha), T4 (Rs. 131400 ha™) T; (Rs.
119400 ha™), T, (Rs. 90100 ha™), T; (Rs. 69800 ha™) and T; (Rs. 64200 ha™).
However, highest cost benefit ratio (C: B) was obtained (1:67.24) in the treatment
T, = Propineb @ 3g kg™ (ST) + Trifloxystrobin 25% + tebuconazole 50% WG@ 0.
05% (FS) followed by Ts=Propineb @ 3g kg™ (ST) + Trifloxystrobin 25% +
tebuconazole 50% WG @ 0. 05% (FS) + NSKE @5% (FS) (1:60.36), T4=Propineb
@ 39 /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @ 0. 05% (FS)

+Pseudomonas fluorescens @ 1x 109 (FS) (1:53.24) and T = Propineb @ 3g /kg
(ST) + Azoxystrobin 23%SC @ 0.1% + NSKE @5% (FS) (1:28.24). While, least
cost benefit ratio (C: B) was obtained (1:20.13) in treatment T, = Propineb @ 3g
kg™ (ST) + Azoxystrobin 23%SC @ 0.1% (FS).



Table 4.26: Economics of different fungicides in management practices
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Labour

Total

Income
Cost of . Cost of ' : Total
- Cost botanical ; cost@ Costof Yield Price . from CB
Treatment fungicide bioagent) 207/ treatment (tha?) (Rs/tonnes) m((;;ge treatment Ratio
Rs.
Quantity (CSSS; Quantity (CSSS; Quantity ﬁgss)t day (Rs) (Rs.)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
T Propineb @ 3g /kg (ST) + Azoxystrobin
L 400 ml 2640 - - - - 828 3468 35.36 10000 353600 69800 1:20.13
23%SC @ 0.1% (FS)
T, = Propineb @ 3g /kg (ST) + Trifloxystrobin
25% + tebuconazole 50% WG@ 0. 05% 200g 512 - - - - 828 1340 37.39 10000 373900 90100 1:67.24
(FS)
T, = Propineb @ 3g /kg (ST) + Azoxystrobin
23%SC @ 0.1% 9(FS) + Pseudomonas 400ml 2640 - - 2 lit 300 1656 4596 40.32 10000 403200 119400 1:25.98
fluorescens @ 1x 10 (FS)
T, = Propineb @ 3g /kg (ST) + Trifloxystrobin
0, 0, 0,
25% + tebuconazole 50% WG @ 0. 05% = 5qq, 515 - 2lit 300 1656 2468 4152 10000 415200 131400 1:53.24
(FS) +Pseudomonas fluorescens @ 1x 10
(FS)
T, = Propineb @ 3g /kg (ST) + Trifloxystrobin
25% + tebuconazole 50% WG @ 0. 05% 200g 512 20Kg 1000 - - 1863 3375 48.75 10000 487500 203700 1:60.36
(FS) + NSKE @5% (FS)
T Propineb @ 3g /kg (ST) + Azoxystrobin
6 400ml 2640 20K 1000 - - 1863 5503 43.92 10000 439200 155400 1:28.24
23%SC @ 0.1% + NSKE @5% (FS) g
T_ = Propineb @ 3g /kg (ST) + NSKE @ 5% (FS) .
! 9 - - 20Kg 1000  2lit 300 1863 3163 34.80 10000 348000 64200 1:20.30
+ Pseudomonas fluorescens @ 1x 10
T8=Control (water only) - - - - - - - 0.00 28.38 10000 283800 - -
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Ganeshan and Chethana (2009) also previously documented that
pyraclostrobin gave higher cost benefit ratio in comparison to other treatments.

However, Prasad and

Naik (2003) reported that mancozeb gave the highest cost-benefit ratio (1:11.4) in
addition to reducing the disease incidence. This clearly indicated that foliar spray
of Pristine (1.0 g/litre) was most effective for disease management and it was also
a cost effective treatment and gave higher benefits thus can be recommended for
the management early blight of tomato followed by Maccani (3.0 g/litre), and
Boscalid (1.0 g/litre). Hence, spraying of Pristine (1.0 g/litre) could be considered

as an effective management practice to manage early blight of tomato.

R S



CHAPTER-V
SUMMARY AND CONCLUSION

Investigation on “Studies on Alternaria solani causing early blight disease
in tomato (Lycopersicon Esculentum Mill.)” was carried out at S.K. College of
Agriculture and Research Station (Indira Gandhi Agriculture University, Raipur),
Kabirdham (C.G.) during Rabi 2016-17. The investigation mainly consists of four
objectives:

1. Survey on severity of early blight of tomato in different districts of

Chhattisgarh.

2. Cultural and pathogenic variability of Alternaria solani isolates.

3. In vitro evaluation of fungicides, bio-control agents and plant extracts
against Alternaria solani.

4. Development of integrated management strategies for the control of Early

Blight in tomato.

The summary and conclusion of findings of the present investigation are
given below:

Survey carried out during Rabi 2016-17 revealed that severity of early blight
of tomato was more in Mungeli district followed by Rajnandgaon and Kabirdham
district. In case of village the highest PDI was noticed in Kalegondi village of
Rajnandgaon district, while the lowest PDI was recorded in Arasnara village of
Durg district. Maximum AUDPC was recorded in Rajnandgaon district (6063)
followed by Mungeli (6046), Kabirdham (5776), Bemetara (5646). However, least
AUDPC (4845) was found in Durg district.

The pathogen was identified as A. solani on the bases of morphological
characters. The conidiophores were straight and flexuous, brown to olivaceous
brown in colour, formed singly and in groups. The conidia were observed solitary
straight and slightly flexuous oblong or muriform or ellipsoidal tapering to beak,
pale or olivaceous brown, length 38-80um and 15-20um thick in the broadest part
with 5- 11 transverse and 0-3 longitudinal septa.
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The symptoms of early blight of tomato were observed under natural
condition on leaf, stem and fruit. The first symptom of the early blight disease was
observed as small brown water soaked lesions on the older leaf. Yellow hallo was
found surrounding the spot. Concentric rings were formed in the center of the
spots. Symptoms also reported on stem and petioles as brown to dark brown
elongated target board type spots. The symptoms on fruits was appeared first at
stem end as black or brown sunken spots both on green and ripe fruits which
enlarged within eight days involving most of the fruits, finally the fruits were
rotted.

Cultural variability among the isolates was observed. Maximum colony
diameter was recorded in isolate AS-6 (Kabirdham isolate) followed by AS-1
(Durg isolate), AS-2 (Bemetara isolate) and minimum colony diameter was
recorded in AS-7 (Raipur isolate). Variability in colony colour, substrate colour,
growth pattern, margin colour, topography, thickness of mycelium mat and
sporulation were observed among the isolates of Alternaria solani. Greenish brown
colour colony was observed in isolates AS-1, grayish brown in isolate AS-2, AS-4
and AS-5, gray colour in AS-6, grayish black in AS-3, while dark brown colony
colour was observed in isolate AS-7. Black colour substrate was observed in
isolate AS-1 and AS-7 and grayish black in isolate AS-4. Growth pattern were also
varied among the isolates from circular smooth to irregular rough. Margin colour
of colony was varied from whitish to brown among the isolates. Arial topography
was observed in isolate AS-1, AS-2, AS-3, AS-4, AS-5 and AS-6. While, merged
topography was observed in isolate AS-7. Very thick mycelium mat was observed
in all the isolates, while isolate AS-7 produced thick mycelium mat. Excellent
sporulation was noticed in isolate AS-3, AS-5, AS-6 and AS-7 and poor
sporulation in isolate AS-1, AS-2 and AS-4.

The microscopic examination was done on septation in conidia of different
isolates of Alternaria solani. Highest horizontal septa (2-11) was recorded in
isolate AS-7, while least horizontal septa (3-6) was observed in isolate AS-1 and
AS-5. However, maximum vertical septa (1-3) were observed in isolate AS-3, AS-
4 and AS-6 and minimum was found in isolate AS-1, AS-2, AS-5 and AS-7.
Conidia length with beak was varies from 39.17-74.35um in isolate AS-6, while in
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isolate AS-3 it was varied from 28.12 -58.35um. Maximum beak length (7.64 -
14.78um) was recorded in isolate AS-4, while minimum length of beak (4.18 -
7.62um) was recorded in isolate AS-3. Width of conidia was maximum (8.82—
24.23um) in isolate AS-3 and minimum width of conidia (8.13-19.48 pm) was
found in isolate AS-7.

Pathogenic variability regarding to appearance of symptoms, PDI and
AUDPC among the isolates of Alternaria solani were recorded on variety Pusa
Ruby. Symptoms were early noticed in isolate AS-6 (3-4 DAI), while delay
symptoms was appeared in isolate AS-1(6-8 DAI). Highest PDI was observed in
isolate AS-6, while least PDI was observed in isolate AS-1. Isolate AS-6 showed

maximum AUDPC and minimum AUDPC was observed in isolate AS-1.

Fourteen solid media were used to study the influence of culture media on
culture characters of Alternaria solani isolates. Among the different media potato
dextrose agar media supporting good fungal growth followed by oatmeal agar
medium. Minimum growth was observed in water agar medium. Culture media
also influenced the colony colour, substrate colour, growth pattern, margin colour,
topography, thickness of mycelium. Fungus produced grayish, dark brown, grayish
black to olive green colony colour in different isolate on different medium.
Sporulation of different isolates of Alternaria solani showed highly variation on
different media. Excellent sporulation was noticed on PDA, TLEA, CaCos, MA,
GPYA and WA medium in isolates AS-3, AS-5, AS-6 and AS-7, while poor

sporulation was observed on Czapek Dox and CMA medium in same isolates.

Maximum mycelium dry weight (300.54 mg) was obtained on oatmeal
broth followed by potato dextrose broth (297.21gm) and minimum mycelium dry
weight (73.29gm) was observed on mineral broth. Among the isolates, isolate AS-
6 was showed maximum mycelium dry weight. However, minimum mycelium dry

weight (129.06mg) was obtained in isolate AS-7.

Effect of different pH level on colony diameter, sporulation and mycelium
dry weight of Alternaria solani Isolate AS-6 on PDA medium reveal that the
maximum colony diameter, dry weight were observed at 6.5 pH level followed by

6.0 pH level, while minimum colony diameter and dry weight were observed at 8.5
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pH. Excellent sporulation was observed at pH level of 6.0 to 7.0, while poor

sporulation was recorded at 4.0, 8.0 and 8.5 pH level.

Mycelium growth and sporulation of Alternaria solani was significantly
influenced with temperature. Maximum colony growth was recorded at 25°C
followed by 30°C and minimum colony growth was recorded at 40°C. Excellent
sporulation was noticed at 20°C and 25°C temperature. However, no sporulation

was found at 40°C temperature.

Out of six plant extracts tested against A. solani in vitro, most effective
plant extract was found Allium sativum @ 5% which exhibited maximum
inhibition in mycelium growth (45.15%) followed by Crotalaria juncea @ 5%
(44.40%), while minimum inhibition in mycelium growth was recorded in
Euphorbia hirta. Among the six fungicides, most effective fungicides was found
Hexaconazole 5% EC which exhibited 100.00 percent inhibition in mycelium
growth at 100ppm followed by followed by Thiafluzamide 24%SC and
Trifloxystrobin 25%w/w + Tebuconazole 50%WG at 500ppm. Out of the different
antagonists tested in vitro against A. solani, P. fluorescens showed maximum
inhibition in mycelium growth followed by Trichoderma harzianum, while

minimum mycelium growth inhibition was observed in Trichoderma viride.

Under the development of integrated management strategies for the control
of early blight in tomato, most effective treatment was found T5=Propineb @ 3g
/kg (ST) + Trifloxystrobin 25% + tebuconazole 50%WG @ 0. 05% (FS) + NSKE
@5% (FS) which exhibited minimum diseases intensity, AUDPC and maximum
number of fruits and fruit yield followed by T6=Propineb @ 3g /kg (ST) +
Azoxystrobin 23%SC @ 0.1% + NSKE @5% (FS)). While, treatment T,=Propineb
@ 3g /kg (ST) + NSKE @ 5% (FS) + Pseudomonas florescence @ 1x 10°) was
observed less effective against early blight. Highest return was obtained from
treatment Ts followed by Ts. However, highest C: B ratio (1:67.24) was obtained
in the treatment T, = Propineb @ 3g /kg (ST) + Trifloxystrobin 25% +
tebuconazole 50% WG@ 0. 05% (FS) followed by Ts=Propineb @ 3g /kg (ST) +
Trifloxystrobin 25% + tebuconazole 50% WG @ 0. 05% (FS) + NSKE @5% (FS)
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(1:60.36). While, lowest C: B ratio was obtained (1:20.13) in treatment T, =
Propineb @ 3g /kg (ST) + Azoxystrobin 23%SC @ 0.1% (FS).

CONCLUSION

here:

In the light of finding of present investigation, some conclusions are drawn

Early blight disease of tomato caused by Alternaria solani was more
prevalent on Mungali district followed by Rajnandgaon.

The pathogen was isolated from the different district of Chhattisgarh as
Alternaria solani.

Variability in colony diameter, colony colour, substrate colour, growth
pattern, margin colour, topography, thickness of mycelium mat and
sporulation were observed among the isolates of Alternaria solani.
Pathogenic variability was also observed among the isolates of Alternaria
solani. On the basis of cultural and pathogenic variability it is concluded
that the isolate AS-6 (Kabirdham isolate) was found more virulent as
compare to other isolates.

Out of fourteen solid culture media, PDA was found most suitable for
growth and sporulation of Alternaria solani followed by OMA medium.
Out of thirteen liquid media, oatmeal broth was found better in biomass
production of Alternaria solani followed by potato dextrose broth.

Most suitable pH was found 6 to 7 for growth and sporulation of Alternaria
solani

Mycelium growth and sporulation of Alternaria solani was significantly
influenced with temperature. Temperature 25 to 30°C was found better for
growth and sporulation of Alternaria solani.

Out of six plant extracts, most effective was found Allium sativum followed
by Crotalaria juncea.

Among the six fungicides, most effective fungicides was found
Hexaconazole 5% EC followed by followed by Thiafluzamide 24% SC
and Trifloxystrobin 25% w/w + Tebuconazole 50%WG.



131

Out of the three bio-control agents, P. fluorescens was found most effective
under in vitro condition.

Under development of integrated management strategies for the control of
Early Blight in tomato, most effective treatment was found T5=Propineb @
3g /kg (ST) + Trifloxystrobin 25% + tebuconazole 50% WG @ 0. 05% (FS)
+ NSKE @5% (FS).

SUGGESTIONS FOR FUTURE RESEARCH WORK

1.

Mapping of the disease intensity of early blight caused by Alternaria
solani in the field over the year has to be carried out throughout the
Chhattisgarh.

Cultural, morphological, pathogenic and molecular variability have to be
employed for characterization of Alternaria solani.

Detailed in influence of culture media, pH level and temperature have to
be carried out.

Testing of newer fungicides, medicinal plant extracts and native isolates of
bio-control agents has to be done.

Integration of cultural, biological and chemical measures for the control of

early blight in tomato has to be carried out.

kK k KXk X
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