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INTRODUCTION

Cowpea (Figna ungricidata (1), Walp.) is one of the most ancient human
food source and has probably been used as crop plant since Neolithic Umes
(Summertield ¢ al.. 1974} One view is that cowpea was introduced from Alrica to
the Indian sub-continent approximaltely 2000 to 3500 vears ago. at the same tme
as the introduction of sorghum and millet (Allen. 1983). Padulosi and Ng (1997)
speculated that the Transvaal region of the Republic of South Africa was the centre
of spectation of 1 nwngnicidara due 1o the presence of most primitive wild
varieties. Cowpea is now grown throughout the tropics and subtropics and has a

wide variety of uses including hay. grazing graiin. green manure and as a vegetahle.

Cowpea has variable practices of cultivation. Tt is grown as solitary, mixed
and as kitchen garden crop in Punjab. Uutar Pradesh. Bibar, West Bengad,
Maharashtra. Karnataka. Flarvana, Kerala, Dethi and Himachal Pradesho [C s
grown mainly in Kleweif season but in some arcas farmers also grow during Zaid

where trrigation facilities are available,

Cowpea has manifold uses. mostly it is used as vegetuble but sometimes it
is also consumed as pulse and boiled grain in the breaktast. Besides being a rich
source of protein. minecrals and vitamins for human beings. it is used as animal
fodder also. 1t also enriches the soil through symbiotic nitrogen fixation from
atmosphere by the root nodule bacteria (Rhizobizen sp.) and has unique quality of
preventing soil erosion by covering the soill surface. The vegetables as a whole
occupy total production of 940 million tones (2000-2001) and the total beans
productivity in India is 22 g/ha. But the exact data of area and production of
cowpea are not available. However, it is grown in almost all the states of India

including Uttar Pradesh. It is grown both in Kiarif and Zaid seasons.



Cowpea belongs to the sub family - Fabaceae of Family-Leguminosue, in
genus-Iena. It is vigorously growing annual legume with a strong laproot.
bearing numerous horizontally spreading laterals. Stem is prostrate and sinistore;
more or less crect varieties also occur. Flowers shortly pediceled. white to pale-
white in colour, borne on axillary recemes. 2 to 3 flowers to each peduncle.
carrving 3 bracts at th,c simall lobes. triungufar and acute. standard whitish to violet
with the wings violet "and truncate at the base. Poads are 20 to 30 cm long,
cylindrical and slightly curved with a thick obtuse beak. pendent and slightly

constricted hetween the seeds.

Taking the world as a whole, beans or cowpea. I'rench beun, Daolichoas
bean. Cluster bean and Broad bean arce cultvated in all the countries with an
averaee production of dilTerent iyvpes of beans. Cowpea is specially liked due Lo its
flavour. sweet taste in tender pods. colour and othier characteristics. It has
somewhat fleshicer walled pods with less fibre in younger stages. It 15 used mainly
as green pods but in dry form it is used as pulsc. The foliage of this crop is also

used for green manure. silage. hay and lorage for animals.

The main use of cowpea is as a vegetable crop and as a legume, especially
for small scale farmers in rural areas (Kay. 1979: Coctzee. 1995). 1L is very
palatable. highly nutritious and rclatively free of metabolites. The seeds also
contain small amounts of B-carotene equivalents. thiamine. ribollavin, vitamin A,
niacin, folic acid and ascorbic acid. The use of cowpea sceds as vegelable provides
an inexpensive source of protein in the dict. The dried pulse may be cookced
together with other vegetables to make a thick soup. The Ifresh. immature pods
may be boiled as a vegetable. Fresh leaves and growing points are often picked
and eaten in the same way as spinach {(Coetzee. 1995, Quass, 1995). Accerding Lo
Kav (1979), cowpea is grown in many countrics cg. as a dual purpose crop. The

chemical composition of cowpea 1s given as below in Table 1.

(2}



Table 1: Chemical composition of Cowpea in percentage.

Composit_ion Seed 1 Hay Leaves
Carbohydrate - 56-66 - B 8
Protein 22-2. 18 4.7

‘ater 11 9.6 85
Crude fibre 5.9-7.3 233 2
Ash : 3.4-39 11.3 -
Frat 1.3-1.5 2.6 0.3

: Phasphorus 0.146 : - 0.063

Calcium 4.104-0.076 : - 0.236

fron 0.005 ! - ! {).005
_ o S B i

(Kay. 1979: Tindall, 1983 Quass. 1993,

-

Inspite of the evolution ol improved varieties and adoption of recommended
package of practices, the average production of this ¢crop is very low in India in
comparison o many other countries of the world. Apart from the biotic stresses
and other reasons., the main cause of its low production is attributed to onslaught of
diseases of varied origins. which take away a heavy oll of the crop every year.
Like other crops. cowpea is also susceptibie to a wide range of pests and pathogens
that attack the crop at all stages of growth. These include insects, bacteria. viruses
and fungi. About 40 species ol {ungi are cowpea pathogens (Allen, 1983).
However, fungal diseascs namely wilt (Fusarium tracheiphilium), wilt and stem
rot (Sclerotivm rolfsii), stem rot (Rhizocronia sp.). leal spot (Cercospora
vignicofay. red stemy canker (Plvrophthora vignae) and damping off (Corticitun
sofuni) arc the major lmiting factors n successful culuvation of cowpea. If the
ever burgeoning population of this country i1s to be steered out of malnutrition,
suitable protection and production technology must be evolved to augment the

production of this vegelable as well as pulse crop.
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During the course of survey of cowpea around Kanpur, the important

viarieties of this crop were found moderately to highly infected with anthracnose

discase caused by Caolletotrichim lindemuthianum (Sace. & Magn.) Bri. & Cav.

Except for fragmentary report of its occurrence in India. no other inlormation is

available so tar on this important discase of covwpea.

Therctore. keeping in view the importance of crop and scverity of the

disease, it was thought necessary to carry out detailed study of the discase along

with the pathogen with the following main objectives:

I

Survey and collection of discased material from different locations.

[solavion, purtlication and pathogenicity test.

Maorphoiogical and cuitural characters of the pathogen lcading o its
wentification.

Survival and perpetuation of the pathogen.

tsolation ol bio-agents and their sereening against the causad pathogen in
vitro.

Varictal screening against the pathogen for discase resistance.

To study the impact of the following on the disease severity:

a) Date ol sowing

b) Soil pH

c) Soil amendments

d) Soil texture

e) Different doses of P & K.

) L:ffect of bic-agents,

EIOEICR
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REVIEW OF LITERATURE

Lobia (Vigna wunguiculata (1..) Walp.) being an important vegelable and
pulse crop has attracted the attention of plant pathologists all over the world
whenever this crop is grown. A critica! review of literature has revealed that lobua
suffers from more than thirty pathogens of varied origins which lower the quality
and quantity of the produce of this crop. Some of the common fungal discases and

their causal organisms reported on this crop arc given below (Table 2).

Table 2: Major fungal diseases of “Cowpea™ along with causal organism.

S. | Disease Causal orgnnis—m B chorlcd—b}' o

NO' - - —_ - —_ .

L. Rust Lironnvees appendiculatiey Showden (1921}
2. l-i:ni'spc-l C’:’(m'c;s;r';l-orfzrf}}":%p. _ Gardner [lLJ-Z-S) -
3. Leal spot - Qidiien sp. S Brient & Ma@un (1929)
4. Wit Fusarinn: n‘aw‘re.-'pf';fz'fmn- Kendrick ( l‘)il‘)Tm_ ]
5. l.cul's]iul _ﬂ-__.-?.-;c;:‘ﬁ_,\'ra pi;u)de’!!'a - | Spamguc_f-l‘-}ﬂ,}) -
6. Stem rot Rhizoctonia sp. _ - Sen E 1930) - -
1. Leaf spot Cercospora w’gm‘co!ai ‘Kawamura (1973717)-___ B
8. Stem Rot Glomerella vignicauldia Tehan (1937)
g. Wilt | Fusariaon vasinfeciim - Thomas (1 §38)

10. { Damping-off \ Corticiton solani Tavernetti (1942} o

11. | Leafspot Macrophomina phaseolina Weimer & Luttrell (1945)
12. | Leaf spot Rhizoctonia bataticola Vasudeva (194'?_) B
3. ] Red stem canker P!ry{c)-;;hrhora vfg;mei ) Purss (771952) O
14. | Anthracnose C. lindennuhianum r B




Amongst the fungal pathogens, Colleiorichum lindemuthianun appears (o
be guile severe which also cause various type ol diseases on different hosts under

suitable environmental conditions.

A critical review of literature revealed that there is only a report of the
occurrence of anthracnose on cowpea and no information appears to be available
parti»::ula'rlj;r about severity of disease, perpetuation and spread of disease, resistant
varieties and its management. There are number of aspects related to the present
study on which the information is not available. So the work done in this dircction
on some other crops in relation o anthracnose  caused by Colletotricluan

lindemuthicnunt is being reviewed here to supplement the information.

Colletorriciun is one of the most important genus of plant pathogenic lungi
worldwide. especially in sub-tropical and tropical regions. The penus causes
economically significant diseases of cercals and grasses, legumes, vegetables and
perennial crops including wree fruits. Above around plant parts are affected at all
stages of maturity from sccdlings 1o mature plants and sced. T.osses are caused by
the effects of disease at dilTerent growth stages e at establishment and during
vegetative growth through loss of inflorescence and premature fruit fall through
photosynthetic and other physiological distunctions and through post harvest losses

due to phenomenon of latent or quiescent infection (Bailey and Jegar, 1992).

The genus Colletorricinm was cstablished by Corda (1931). The genus
Colletotrichum belongs to Sub division-Deuteromycotina, Class- Coclomycetes,

Order-Melanconiales and Family-Melanconiaceae (Ainsworth (1971).

in the genus Colletorrichion formation ot conidia and conidiophores takes
place in acervuli. Acervuli are ennate, erumpent, discoid and ¢longate surrounded

by long blade setae. Conidiophores aseptaic usually unbranched and rarely

(6)



branched producing conidia singly or in chain. conidiophores measures 20 X 8 1 in

size. Conidia are exposed 16-42 x 4-28 i size.

The lungus C. lindemuthicmon causing anthracnose diseasce of cowpea has
globrous acervuli in purc culture. The growth is characteristically slow and the

mycelial mat grayvish black in colour.

The germinating spore of C. lindennulticron typically forms a shorl germ
tube that swells 1o form a spherical structure called an appressorium.  The
morpholoey and the role of appressorin have been reviewed by imimett and

Parberry (1973).

Colletotricitinn tindemutliiconan grew on different culture media like potate

dextrose agar medivm (PDA)Y. Barnelt medium., bean sced agar, bean pod extract
-

agar. bean leal agar und pod agar (MVI1). The cultures were kept at 24°C in the dark

for 20 days. The best medium for growth and sporulation of fungus was MVI and

PDA (Prnia et «f., 1997).

Floldeman (1930) isolated a number ol falcate spore ol Collerotrichin on
various hosts and divided into two types on the basis of cultural characters on

Polato dextrose agar.
Symptomatology:

Bailey et al. (1990) reported that Collerotrichinn lindemuthianum causing
anthracnose of cowpea produced water soaked lesions in all tssucs of cowpea
seedlings. The hyphae formed in viable epidermal cells. The hyphae were large and
highly branched. These infected epidermal cells died and scon afterwards the

surroundings of uninfected cells were also died. When the initially infected

{7)



epidermal cell become extensively colonized, thinner branched hyphae grow into

and through the surrounding tissues producing lesions with large number of

acervull om the surface.

The symptoms of anthracnose disease werce also reported by Paulo-Junior et

al {1994 on Phaseolus vidgaris and Rahaman er af. (1999) on Lablab.
Survival and perpetuation of the pathogen:

Rai and Chauhan (1966) stated that O capsici survived in plant debris in the

formy of stroniatic hodies for 10 months.

Onesirosan and Sagay (1975) reported that O findenathianinn incitant of
stem anthracnose of cowpea. survived in the dry season at lle-ile, Nigeria in

discased stem tissuc either left on the soil surface or plowed under.

Prasanna and Rama Prasanna (1980) reported the sceed borne aspects of
anthracnosc ol cowpea caused by O findemethfarnion (Sace. & Magn.) Bri. & Cayv.
in Kamataka. In their study. out of 30 sced samples examined, 18 were lound

infected. These {indings have been proved that the pathogen survives in seed also.

According to Prasanna (1983) the blotter method proved more suitable for
detecting the pathogen (C. lindenuuhianien) in the secd than the deep freezing
blotter or agar plate methods. Infection was heavy (32-88% of the sample) in seeds
with light coloured testas, compared with 2-19% in other seeds. Germination
percentage decreascd with an increase in seed infection. which caused seed rot and
seedling mortality. The f{ungus was located in the seed coat. cotyledons and
embryo. Transmission studies showed that infected seeds serve as a primary source

of inoculum for spread of the disease.

(8)



Thakur (1992) reported the survival of C. dematiiwum and C. lindeniuthianum

on crop debris of Figna radiata until the following season.

C. lindemuthiconon causing bean anthracnose could be detected up to 22
months from bean debris placed at 0. 10. and 20cm depth, using the host plant-
assay. It was also recorded from naturaliy infesied bean debris after exposure to
winter conditions for 3 months. The inoculum concentration in over wintered bean

debris was found sufficient o initiale disease on bean plants during the following

growing scason (Dillard and Cobb. 1993},

Ravi o7 «f. (1999) cvaluated various techniques Tor detecting the Ifrench bean
anthracnose pathogen (C findemuthicnunty in sceds and found that agar plate
method was the best method and vielded maximum percentage of seed intection.
The pathogen was present mostly in sced coatls and cotyledons and rarely in

cbrvonic axes.

Sharma er al. (2001) conducted field trails and reported that the bean
anthracnose pathogen (C. findemuthianion) can survive in sceds and act as main

spurce of inoculum.

Qandah and Al-Momany (2003) reported that bean anthracnose pathogen (C.
lindenahianun) over winter in infected seeds which could be considered as the

most important source of primary inoculum.

Isolation of bio-agents and their screening against the causal pathogen in vitro:

Trichoderma 1s easily tsolated from any substrate using potato dexirose agar
(PDA) medium by soil plate or dilution plate methods. Papavizas and Lumsden

(1982) developed Trichoderma medivm E (TME) for selective tsolation from soil

(9)



specific medium named Trichoderma selective medium -TSM for quanttative
isolation {rom soil. Elad and Chet (1983) and Elad er @/ (1981) gave superior
results than TME (Sanu ez /.. 1997). The TSM medium was further improved by
adding Captan 30% 10mg/ litre (TSM) 10 avoid the contaminants like AMucor,
Rhizopus, Penicillivm especially Fusarium species (Askew and l.ap, 1993). Kuling
et al. {2000 isolated Trichoderma species  {rom Himalyan soils using PDA and

cellulose agar.

Two per cent mall extract agar (MA) and ocutmeal agar (OA) were used to

identity the species (Rafaic 1969: Biser, 1984).

The special nutrient agar. cornmeal dextrose agar (CMD) and  potato
dextrose agar were also used by Samules er of (1998}, The isolates were grown al

2B°C . 25°C and 40°C for the study of morphological characters ol different iselates.

Barros et . (1993) observed that five T7Trichoderma specics  caused
morphological changes in the hypha of O lindemuthicnunr  indicaling  an
antagonistic reaction. The cellophane paper test showed that 77 Aarzicongn and 7.

viride produced a noticeable decreasce in colony diameter of causal organism,

Trichoderma viride exhibited a high reduction in mycelial growth ol C

capsici, cansing disease in chilli (Jeyalakshmsi er a/., 1998).
Varietal screening against the pathogen for disease resistance:

Williams (1974) compared the variclal reactions to cowpea anthracnose in
field plot and detached petiele inoculations. Several hundred varieties ot Figna
sinensis were exposcd 10 Colletotrichum lindemuthiarnen in the field and those

classificd as immunc, highly resistant or highly susceptible were subjected 10

(10)



detached petiole inoculation tests in the laboratory. Resuits indicated that the

susceptibility of petiole tissuc is a valuable indicator of varietal susceptibility.

Williams (1973) reported in Nigeria. 61 ICDN lines were found to highly

resistant to C. findemuthiciion .

Sohi and Rawal {1983) found the field resistance of cowpcea varietics to
anthracnose (C.  {indemuthianum) and stem  blight (Macropfiomina phaseoli)

disease. Out of 141 varieties tested. 21 were resistant to C. {indemuthianun and A

phaseolr.

Adebitan ¢ af. (1992) used three inoculation methods in screening cowpea
genotypes for resistance (0 two Colletorichum species. Twelve cowpea cultivars
were screened for reaction o intection by C. findemuthianun and O truncatiin
using spraving scedling leaves with a spore suspension, stem injection wilth a spore
suspension and wrapping wounded scedling stems with inoculum meal. The later

method produced optimal conditions for infection and diseasc development.

Adebitan and Olufajo (1998) evaluated twelve cowpea varicties for yield,
fodder production and disease resistance, during 1992-94 in the rainy season (July-
October). Only IAR 7/180-4-3 showed mulliple discase resistance 1o scab.

anthracnose {C. findemuthianuni) and bacterial blight

To study the impact of the following on the disease intensity:

Date of sowing:

Subramanyvam (1979) observed that the sowing date of the crop has 1o be so
adjusted that the best temperature and moisture conditions may prevail for the rapid

growth of the host to escape the critical period of disease incidence. The discase
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incidence was high when the sowing of the crop was further delayed by August 27

but the decline in percentage of disease intensity was gradual.

Singh (1981} abscrved that carly sowing of cowpea crop reduced the
incidence of Afyrorheciiun roviduni to a great extent. Sinha ¢t af. (1994) obscrved
that early sowing of soyvbean susceptible variety (PK-262) reduced the incidence of

.
discase caused by Avrorhecium roridum in comparison to jate sowing.

Alternation in date of sowing has great impact on the occurrence ol the plant
diseases. Thakur and Khare (1990) found that C. dematiin and C. {indemuthiatiinm
were higher mocarly sowing (237 Tune o 3™ July) than in late sowing (13" July).
Discase progress was greater in the early planted crop and cv. J-45 was more

severely afTected than Pusa Baishakbi and K-851.

Singh {1999} reported that the rate of diseasc spread in a plant population
and the severity of the discase were greatly influenced by the sowing time. The

—u R . . . . .
soybean crop sown on 23" June exhibited lesser intensity ol Myrotheciurn Teal spat

d
as compared to that sown on July 8" and 23™.
Soil pH:

According to Chowdhary (1937) epumum pll for the growth of
Colletotrichim capsici was between 3 to 6. Colletowrichum leginariion grew well at
pH varying from 3.0 to 9.5. Maximum growth at 5.1 and beyond this a sharp fall in
dry mycelia weight was observed under pH 6.3. However. the maximum

sporulation was obtained at pH 5.6, No sporulation occurred at pll 2-3.

Chandrasekaran and Shanmugan (1984) observed that effect of soil pH on

chickpea root rot and reported that infection was significantly higher at pH 6.0
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followed by pH 3.0 and 7.0. Least infection was recorded at ptl 9.0 followed by pH

8.0.
Soil amendments:

It has been observed that disease caused by Sclerotinia scferotiorumn and
number of sclerotia per plant can be lowered down by the application of 10-40

tonnes ol Y M/acre in cauliflower seed crop (Sandhu, 1992),

Singh er ¢/ (2000) observed that soil amendments like pyrite and gypsum
20 tonnes/ha and mustard cake, castor cake. ncem cake. paddy siravw and wheat
straw ¢ 20,0 tonnes/ha were more effective against sclerotinia stem rot ol bishop
weed. Maximum diseasc reduction was obtained by pyrite [ollowed by neem cake,

mustard cake and gyvpsum.
Soil texture:

Srivastava and Kamthan (2002) evaluated the effect of dilferent soil types
on chickpea wilt and observed that black soil supported highest will incidence
(73.50%0) where as it was 644, 539.9, 46.6 per cent in sandy loam, red soil, and clay

soil respectively.

Ghasolia er af. (2004) found the highest disease incidence in loamy soil
(29%) followed by clay (14.0%) and sandy loam (9%) soils, while lowest incidence

(5.6%) was noted in the {ields with sandy soil.
Different doses of P and K:

Most of mineral elements required for plant growth have been reported

either to increase or to decrease the severity of some diseases. The effects of
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nitrogen (N). phosphorus (P’) and potassium (K) on disease incidence have been
most extensively reported. because of their limited availability in many soils in

relation to their large quantity required for optimum plant growth (Ituber. 1980).

Singh (1984) was of the opinion that good nutrition supports a luxuriant

vegetative growth and provides conducive conditions for the foliar disease

L

development. ,

Singh and Shukla (1983) reported that nitrogen signibicantly increascd he
severity of Afvrothecinm leafl spot discase in cowpea plants while phosphorus and

potassium both, together or individually helped in minimizing the discase severity.

Adcbitan (1996) reported in ficld wials during the rainy scason [991-93, the
incidence of C  lindemuthianum was significant on the moderately resistant
varieties like IT 822E-60 and [T 81D-1137 without phosphorus application.
Anthiracnose was maosl severe on varicties receiving no PP and less severe with

increasing P levels and was least with PO; at 80kg/ha.
Effect of bio-agents on disease severity:

Cowpea seeds infected with C. tuncatum when wreated with 77 viride

showed promising results against brown blotch disease. (Blankole and Adcbanjo,

1996},

Ravi er af. (1999) tested six species of Trichoderma (T, hamatuni, T
harziamom, T. kowigii, T. pseudokonigii, T. longibrachiatiun and 7. viride),
Glioclaclium  virens, Bacillus subtilis and Pscudomonas fluorescens for their
antagonistic activity against seed borne Cofletowichum lindemuthiamun in French

bean. 7. viride recorded the maximum inhibition of mycelial growth followed by P.
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Auorescens and T. harzianunm 1 a dual culture technique. Infected bean seeds are
soaked in 10 per cent culture tiltrate. treated with 0.4 per cent talk lormutation of 7.

viride recorded minimum sced infection and maximum sced germination,

Kumar er al. (2000) studied about the control of seed borne lungal
pathogens of pigeonpea and found that Trichoderma viride eliminated completely
sccli bome infection ol Alternaria alternata, Phyvllosticta cajuni, Rhizoctonia
bataiicola., R, solani, Cuwvilaria  lunata,  Cladosporium  cladosporiodes,
Colletorichunm spp.. Trichothecium roscum reduced the colony ol Aspergifius
flavus. A niger, Botrviis cineria. Fusariten monidiformae and £ semitectiint with
significant increase 1 seed germmation and emergence, root length, shoot lenglh

and [resh weight of scedling over Chaitominn globosum treated and untreated

seeds (control).

-

Ravi er af (2000} evaluated cificacy ot botanicals in combination with the
formulation of Trichoderma viride (0.4%6) and Pseudomonas fluorescens along
with fungicides as seed treatment and sprays against French bean anthracnose (C
lindemuthicnm). They reported that seed treatments followed by foliar spray ol
different leaf extracts and bio-conurol agents were more cftective than the seed

treatiment alone.

Gaikwad et af. (2002) evaluated various bio-control agents (7. Aarzianum
and T. viride at 4g/kg seeds. Pseudomonas fluorescens and Vesicular Arbuscular
Mycorrhiza at 10g/kg of seeds) and fungicides (Thiram and Carbendazim at 3g/kg
of seeds) in a ficld experiments. They reported that seed treatment with bio-control

agents and tungicides were highly eftective against Charcoal rot of sorghum.

Adcbanjo and Bankole (2004) evaluated the efficacy of some fungal and

bacterial 1solates obtained from cowpea phylloplane in inhibiting the /» vifro and i
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vivo growth of O lndemushiiconan, causal agent of anthracnose of cowpea.
Inhibition of growth of the pathogen with production of zone of inhibition was
observed for Aspergilius flavus, A achraceus., Penicilliuvm ourantiogrisenum,
Bacillts subtilis BS21L, 3. subtilis BS22, and B. subtilis BS23. Inhibition of growth

on contact was recorded for A. niger while Trichoderma viride- TH 14 and T viride

- TH3 1 hyperparasitized the pathogen.

TR A

(16}



Material T, Methods




MATERIAL AND METHODS

Survey and collection of diseased material:

Naturally mfected leaves. stems and pods exhibiting different tyvpes of
tvpical symptoms of anthracnose were collected at regular imtervals during the
crop season 2003 and 2004 from the Student’s Instructional Farm. lLegume
Rescarch Farm and Vegetlable Rescarch I'arm of the C.S. Azad University ol
Agriculiure & Technology, Kanpur. Discased samples were also collected trom
farmer’s field in the vicinity of Kanpur. Crop Rescarch Station Deegh, Kanpur
Dehat, Kannuaj, and Zonal Agricultural Rescarch Station of the University at

Bharari. ¢ Jhansi).
Isolation and purification of the pathogen:

The diseased samples of the various cowpea cultivars showing ditterent
types of typical symproms were thoroughly washed in tap water and separately cut
into small pieces at about haif a centimeter in size, showing half healthy and half
diseased tissue with the help of sterilized blade. Those pieces were surface
sterilized with aqueous mercuric chloride (HgCly) solution (1:1000) for 15-20
seconds. followed by 3-4 washings with distilled water. The excess of water was
removed by drying the picces in between the [olds of sterilized blotling paper. The
surface sterilized discased picces were then aseptically transferred on 2 per cent
potato dextrose agar (PDA) medium in 90 mm Pcuri dishes. Three such picces
were placed at an equal distance in each Peiri dish with the help of sterilized

forcep aseptically and incubated at 24+2°C.

Bl ooy e egdiell Woel
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The Petri dishes used for isolation were already sterilized in hot air oven at
160°C for two hours and poured with 2 per cent potato dextrose agar medium. The
medium was also sterilized before use in autoclave at the pressure 1.1kg/cm” for
20 minutes. After 48-72 hours of incubation. thec growing mycelium from the

margin of apparent colonies was sub-cultured on fresh PIDA slants.

The cultures of the fungus thus obtained were purified by hyphal tp
isolation and maintained on potato dextrose agar medium to keep the culture
viable. Sub culturing was donce at an interval of 15 dayvs and preserved at low

temperature (3 + 19°C) i the relrvigerator betore use.
Pathogenicity test:

The pathogenicity ol the isolated Tungus, oblained [rom discased plant
parts, was lested and established according 10 Koch's postulate in pot culture at
one month old plants of cowpea cultivar K-3269 that was found susceptible to the
disease under natural conditions. For this study. the pots were filled with sterilized

soil and five plants per pot were maintained.

The plants were inoculated by spore cum mycelial suspension prepared in
sterile water. with the help of automizer. Both mechanically injured and uninjured
plants used for inoculation purpose. The inoculated plants were kept in meoist
chamber for 48 hrs to provide sufficient humidity for infection. A scparate set of

plants spraved with sterile water served as control.

After inoculation, the pots were shifted o glass house and walered
periodically to maintain sufficient humidity for proper growth of the planis and

disease development. These plants were examined periodically for recording the



symptoms. Final data on disease were recorded 13 days aficr inocutation. The
tungus was re-isolated from the artiticially inocutated plants and compared with

the original isolate of the pathogen.

Morpholegical and cultural characters of the pathogen leading to its

identification:

The pathogen was found to produce the characteristic symptoms on
diffcrent part of infeccled cowpea plants. It was identified on the basis ol its

morphological and cultural characters and pathogenic behaviour toswards the host.

The morphological and cultural characters of the pathogen were studied on
eight ditferent natural. scmil synthetic and synthetic media and their composttion

is given in Appendix-1.
(A) Preparation of media:

The media were prepared by the standard methods as described by Riker
and Riker (1936). The ditterent constituents of media were dissolved in distilied
water separately and for its solidification 2 per cent agar was added. All the media

P - 7 - -
were sterilized in autoclave at 1.1 kg/cmt”™ pressure {or 20 minutes.
(B) Sterilization of Petri dishes and other glasswares:

Cleaned Corning or Borosil glasswares were used throughout the study.
Unless otherwise mentioned all the Petn dishes were stenhzed in hot air oven at

160°C for two hours.
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(C) Pouring of media in Petri dishes :

Sterilized Petri dishes of 90 mm diameter used for pouring the medium. A
sel of three Petri dishes was maintained tor cach treatment and 20 mti sterilized
media was aseptically poured in cach Petri dish. The Petri dishes were handled
aseptically in a sterilized inoculation chamber using a sprit lamp {lame in the

chamber. The medium m the dishes was allowed to sohidily before inoculation.
Basal medium:

Potato dextrose agar medium (PDA)Y s well known medium o stuwdy
morphological characters of most of the pathogens. Therefore. it was also used for
studying the present Tungus under study, The eulture picces of 3 mm size trom 10-
dav-old cullure were transferred to sterilized Pewrd dishes containing sterilized
potato dextrose agar medium. The mocuiated Pelrt dishes were mncubated at 24+

2°C tor 10 davs.
Inoculum:

Ten-day-old culiure of the pathogen grown on 2 per cent Polato dextrose
agar medium was used as inoculum for all the studies. Petri dishes, containing
cqual quantity of agar medium. were inoculated with 53 mm culwure disc cut with a
sterilized cork borer {rom the actively growing region of the pathogen. Flasks

containing fiquid media, were similarly inoculated aseptically with 3 mm culire

disc of the pathogen.
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Determination of fungal growth in culture:
a) Qualitative growth:

To find out the redial growth rate of fungus, 90 mm diamecter Petri dishes
were poured equal amount (20 ml) of cach medium. The radial growth of the
colony was measured in two direction of right angle of each other and its average

was taken as the diameter of the developing colony in mm.
The following morphological characters were studied:
(i}  Mycelial characters:

Nature of growth, colour, branching paitern. seplation in hyphace were

recorded.
(ii) Accrvulus characters:

The shape, size and colour of the acervuli were recorded.
(li1) Setae morphology:

IFor measurement and morphological observation of setae, pathogen was
grown on a plate of PDA at 24 + 2°C incubation temperaturc. Scilae were
harvested atier 21-30 days from acervuli produced on the PDA plates. Sctac were
mounted in cotton blue in l.actophenol and measured at 40x with the aid of ocular
and stage micromelter in compound microscope. Tests to characterize sctae of the
fungus on PDA were repeated twice. The number of setac measurcd per

replication varied from 20-30 because selae production was not uniform.
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(tv) Conidial morphology:

For measurements and morphological observations of conidia, the
pathogen was grown on a plate of PDA at 24 & 2°C incubation temperature.
Conidia were harvested after 14 days {rom acervuli produced on the potato

dextrosc agar plate. Conidia were mounted in cotton blue in Lactophenel and

measured in compound microscope.
b) Quantitative growth:

To determine the amount of mycelial mat produced by pathogen, 30 mi of
cach liguid medium was poured in 130 mt conical flask. After inoculation these
lasks were incubaled at 24 = 2°C for 15 days afler which the mycelial mat was
filtered through Whatman's filter paper No.-42, dried in hot air oven al 60°C {or
72 hrs, subscquently cooled in desicator and then finally weighed on clectronic
balance. The actual growth of fungal mat was obtained by deducting the weight of

the filter paper from the {inal weight.
Survival and perpetuation of the pathogen:

To determine the survival of the pathogen through disecased plant debris,
the following experiments were conducted both under laboratory and field

conditions:
1. Under laboratory condition:

Discased leaves and pods from naturally infected cowpea planis were
collected in 2003 and kept in paper bags after drying between blotting papers and

stored in the laboratory (13-25°C) till the next crop season. Monthly isolations
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were taken from material tor one season to know the viability of the paithogen.

Regular inoculation experiments were carried out to test the pathogenicity of the

isolated fungus.
2.  Under field condition:

Discased plant debris. wrapped in tissuc paper. were buried in the pot soil
at the depth of 10cm and kept in open field condition (5-45°C). Regular 1solations
and pathogenicity tests were carrvied out at monthly intervals to hind out the

survival of the pathogen.

In order to stady the role of diseased plant debris as a primary source of
infection, two sets of experiments were conducted. In one set of pots. discased
plants debris, stored at room temperature (13-30°C) was mixed with sterilized soil
and {illed in earthen pots of 30cm diamceter. In another set, the discased plant
debris, which was buricd in soil and kept in open was thoroughly mixed with
sterilized soil and fiiled in earthen pots. In all these pots, the surface sterilized
hiealthy seeds were sown at the rate of 3 sceds per pot at equal distance. Data on
seedling emergence and discase development were recorded. Plants raised {rom
surface sterilized healthy seeds in sterilized soil in pots without mixing of any

other plant debris served as control.
Role of seed:

Studies were carried out on the seed samples collected from the infected
crop. The seed borne nature of the pathogen was tested by standard blotter method
and agar plate method. A total number of 400 seeds were used for each mecethod.

Surface sterilized healthy sceds with 0.1 per cent mercuric chloride solution for 2-
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3 minutes were also tested. The mercuric chloride treated seeds were thoroughty
washed with sterilized water for 3-4 times 10 remove the traces of mercury {rom
seeds. The Pewrt dishes containing seeds were mcubated 10 incubation chamber lor
10 days at 25 4 2°C. After incubation the seeds were examined under stereoscopic
binocular microscope for the presence of the fungus. Data on the occurrence of

the pathogen on seeds were recorded.
Location of the pathogen in the seed:

To hind out the iocation of the pathogen in seed. the naturally infected
cowpea seeds alier softening were broken apart with the help of sterilized foreep
aseptically. The various parts of seed hike sced coat. cotyledon and embryo were
separalied out and plated in Petrt dishes containing 2 per cent potato dextrose agar

- iy . - - - S . ’.
medium. The Petrt dishes were then incubated at 25 + 2°C 1n an incubator.

Observations on the growth ot the pathogen were carricd out regularly.
Role of seed in disease development:

For detcrmining the role of sced as the primary source of infection in the
next scason crop. sceds were collected from the inlected crop of cowpea dunng
2003. These seeds were stored in paper bags at room temperature (13-30°C) ll
the next sowing scason. [ealthy sceds were also collected which were artiticially
infected with the pathogen. For this purposce, {resh culiure of the fungus was taken
and mycelial cum spore suspension was prepared. The seceds were then heavily
coated with this suspension and dried at room temperature in laboratory. These
artifictally infected seeds were stored m paper bags till the next crop scason.
These naturally and artilicially infected sceds and surface sterilized healthy seeds

were sown in autoclaved soil in pots during next crop season. Data on seedling
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emergence and number of intected seedlings were recorded.
Role of infested soil:

Lxperiments were carried out in two diffecrent sets for determining the role
of infested soil as a primary source of infection. In onc set, earthen pots of 30 cm
diameter were filled with autoclaved soil. The soil was thoroughly mixed with the
culture ol the pathogen. The culture of the pathogen was raised on sarud corn meal
medium in 230 ml Erfenmayer flasks. The pots containing infested soil were kept
al room temperature (15-30°C) 1]l the next sowing scason. In the next sowing
season. ive healthy surlace sterilized seeds were sown in each pot. In the other
sel. the pats were filled with non-infested autoclaved soil and surface sterilized
healthy sceds were sown in these pots. Data on scedling cmergence and number of

-
infected seedling. if any, were recorded.

Secondary spread of the discase:

Under natural conditions the discase occurs on the acrial plant parts. The
typical spots produced by the pathogen on the leaves were suggestive ol aerial
intcction, Abundant production of acervuli on the infected plants parts were
frequently observed. Hence, the rele of conidia (spores) in the acrial inlection and

sccondary spread of the disease was examined during crop season.

The seeds obtained from completely healthy plants were surface sierilized
before sowing. The autoclaved soil was fitled in 30 cm diameter ecarthen pots and
5 seeds per pot were sown. These pots were kept in glass house to minimize
secondary infection. After one month, these pots were transferred in the vicinity

of naturally infected field. One set of pots was lelt exposed in open in close
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proximity ot the crop in the fieid. The other set of spats was kept covered all
around in a polythene tent, to prevent from acrial infection. Observations on

discasc development were taken after 10 dayvs ol placement.

Isolation of bio-agents and their screening against the causal pathogen in

vitro!

Natural isolation of antagonists was made from the rhizosphere of cowpea
plants. For this purpose, soil sampling was made from the thizosphere of affected
plants where discase was not noticed. They were taken to the Jaboratory
separatcly in the poly bags. An humogenous mixture was preparced and out of the
total soil. 10 g of sample was diluted with 90 ml of distilied water and make up
the volume 1077, From this solution 10 mi each was added up to 1077 concentration

-
following standard serial dilution method. From this solution a drop was streaked
over the Potato dextrose agar medium in the sterilized Petri dish or a drop was put
and spread over where the cooled lignid medium was pourced and mixcd
thoroughly by gentle shaking. Thus, prepared Petri dishes were kept {or
incubation tor a week and whatever. colonies formed have to be evaluated their
morphological characters. After confirmation ihe myceliwsn from colony as
isolated and incubated to separate Petri plates containing media. Alter getling pure
culture, the sub-culturing was followed at every 15 days for their maintenance. All

the procedures were to be conducted in aseptic conditions under laminar flow

chamber.

The bio-asents isolated from rhizosphere of cowpea plants were assayed in
iaboratory to find out their antagonistic activity following dual culture technique

(Johnson and Curl, 1972). The antagonistic activity of micro-organisms was
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assaved on potato dextrose agar medium in sterilized 90 mm Petry dishes under
aseptic conditions. Petri dishes were poured with 20 ml sterilized Potato dextrose
agar medium and allowed to solidityv. Five mun disc of antagonistic organisim were
placed at one corner and test fungus opposite 1o another carner. These discs were
cut with the help of sterilized cork borer from 7-day-old culture and were placed
in such a wayv so that they are approximaiely 6 cm away from each other. The
plates were kept  in an incubator at 24 = 2°C for 7 days. Each treaument was
replicated thrice. Data on antagonistic potential of dilferent bio-agents were

recorded.
Varicetal screening againsi the pathogen for disease resistance:

Screening of cowpea  variceties/cultures was carried out under natural
-

conditions as well as under artiticial conditions to {ind out the sources of
resistance to anthracnose of cowpea caused by Colletowrichion lindenuthianum.
Varieties/cultures were initially screened under natural conditions in the field
during 2003 and 2004, The genotypes tound [ree, resistant or moderately resistant
under field conditons were SLii)chllCI.'lll}’ tested under artificial conditions of
inocutation in the glass house during 2005. For the study. 25 plants of each variety
were raised and when the plants become 30 days old, they were inoculated with
the spore-cum-mycelial suspension. The inoculation of plants was done in
evening and inoculated plants were covered with polythene bags for 48 hrs to
avoid unwanted infection and to provide favourable conditions. Reaction of

different varieties/culiures was noted after 10 days of inoculation.

For categorizing cowpea varieties/cultures, 0-5 disease scale, was followed

as suggested by James (1974} and modified by Singh and Srivastava (1987). The
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iscase categories from -3 scales were cstablished orbitrarily on the basis of

percent leaf area affected as per the following key (Fig. 1)

Key for categorizing the reaction of cowpea varieties/cultures to anthracnose:

Numerical Reaction Description
value
0 | Tmmune Lcaf totally free from infection.
1 Resistant
e

[eaft area infected from 0.1-5.0 %
Moderately resistani

l.eaf arca imfected fr;.il_n :%-I—]().(J Yo
3 I\-f]udcralcl}'-suz-;ccpli_lic __I_;a'ii'—ujcu inl‘ccl;(_i Irom l(}.I-ZS“‘;}-h
4 Susceptible [Leafl arﬁafﬁﬂl:clcd ‘f:rom 23.1-30 % -
5 Highly susceptible

eal area infected more than 50 %

The discase index was calculated by adopting the formula ol Chester
(1950) and modilied by Wheeler (1969) as given below:

. . Sum of numerical ratings
Percont discase index =

100
Votal number of feavesexamined Maximum discase category

To study the impact of the following on the discase intensity:

(a)

Effect of date of sowing on disease intensity:

Experiments were conducted at Vegetable Research Farm, Kalyanpur,

Kanpur of the University for two successive years i.e. 2003 and 2004. A

susceptible variety of cowpea (K-53269) was sown in plots (3 x 2m) on different

sowing dates with three replications which are as foliows:
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Immune

Resistant Moderately Resistant

Moderately Susceptible Susceptible Highly Susceptible

Fig. 1: Gradation for varietal reaction



Second week of June. Last week of Iune,

Second week of July. Last of week of July

The data regarding disease mtensity for different dates sown crops were
recorded starting from the first appearance ol the disease and subscquently at
fortnightly intervals ull the maximum disease intensity occurred. Per cent disease

r

»
plants were asscssed by calculating the discase index by using tollowing formula:

. . Sum of numerical ratings 100
Percent dlSCﬁSClndCX: e — - x -— -

Total number of leavesexamined  Maximum disease calegory

() Effect of soil pH on disease intensity:

In order to 1ined out the impact of sotl pli on discase intensity, experiments
were conducted in glass house of the Department of Plant Pathology. C.S. Azad
University of Agriculture & Technology., Kanpur during 2003 and 2004, Llarthen
pots of 30 cm diameter were taken and filled with stertlized soil, mixed with
tnoculum at the surface of sterilized soil. Ditlerent pH level viz., 53.0. 3.5, 6.0. 7.0,
7.5 and 8.0 werce adjusted with Ni'm NaOH and Nim HCI belore sowing ol the
healthy cowpea seeds. Tiach treatment was rephicated thrice and suitable control

was also maintained by using normal soil pH. Data on average disease intensity ol

both the years were recorded at the time of harvesting.
{c) Effect of soil amendments on disease intensity:

To see the impact of different soil amendments, experiments were
conducted in the glass house of department during 2003 and 2004. Certain types
of soil amendments like neem cake, mustard cake, castor cake, paddy straw and

wheat straw (@ 30 tonnes/ha and Pyrite and Gypsum @ 20 tonnes/ha were
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incorporated 15 days before sowing of healthy covvpea  seeds. Prior to
incorporation. the amount of soil amendments were calculated. Earthen pots of 30
em diameter were taken for cach treatment and filled with sterilized soil and cach
pol was incorporated with 5 g inoculum separately on the surtace of soil. Healthy
seeds were sown in pots and suitable control was also maintained. Fach (reatment
was replicated thrice and irrigated from time to tinfe. Observations on average

discase intensity of both the vears were recorded.
(d) Effect of different doses of P and K on disease intensity:

The effect of varying levels of phosphorus (P) and potassium (K)  on
diseasc incidence was studied during crop scason of o consecutive vear viz..
2003 and 2004. The nutrients were supplicd in the form of Super phosphate (1?)
and Murate of potash (K) and their field doses were converted into plot doses on
area busis. All the possible combinations were replicated thrice. The experiment
was conducted in Randomized Block Design (Factorial arrangement) having plot

size of 3 x 2 m. Different doses of P and K were applied as foltows:

Doses of P and K:

Pg = () Kn =0
P|: 301&3}’ ha K]: 201{_%:"113.
P>= 60kg/ha K>= 40kg/ha

Treatment combination:

P[)K_O P|K(} P;_KU
Pk PiK P2k

The susceptible variety of cowpea (K-3269) was sown and definite number
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of plants were maintained in cach plot. Observations on the discase ntensity were
made from time to time in crop season and data of both the vear were analysed

statisticaliy.
(e} Effect of different soil texture on disease intensity:

To see the umpact of different soil types. experiments were conducted in
the glass house of the Department during 2003 and 2004, Dilferent tvpes of soils
Le~loam, sandy loam. silt loam and clay soils were collected from different
growing regions of Uttar Pradesh. The earthen pots of 30 cm diameter were taken
lor cach treatment and filled with different types of sterilized soils e 5.0 kg per
pot and citch pot was incorporated with 3 g inoculum separately on the surface of
soil. Healthy seeds were sown in the month of July. Each wreatment was replicated
thrice and irrigated from time to time as and when required. Obscrvations on

average discase intensity of both the years were recorded.
(N Effect of different bio-agents on the disease intensity:
(i) Sced Dressers :

To see the impact of different bio-agents, experiments were
conducted in the glass house of Department during 2003 and 2004. Earthen
pots of 30 cm diameter were taken for each treaument and filled with
sterilized soil and each pot was incorporated with 5 g inoculum separately.
Before sowing, sceds were treated with the formulation of bio-agents @ 4
g/kg seed. Five seeds coated with bio-agents were sown in each pots and
cach treatment was replicated thrice. Observations on per cent infection

were taken at the time of harvesting.

(31)



(ii) Soil applicants :

['or evaluating the efficacy of bio-agents as soil applicants against
the pathogen. experiments were conducted in the field during the crop
season 2003 and 2004. A highly sick field with known history of
anthracnosc of cowpea was selected. The cowpea variety (K-3269) was

.
sown in plots of 3 x 2 m size. with three replications. Untreated soil served

as control. The observations on disease intensity were recorded at the time

of harvesting.
Statistical analysis:

The data of the experiments conducted in the laboratory, pots and ticlds
were subjected to statistical analvsis. The data were transformed, whenever
required. The eritical difference was worked out at 3.0 per cent probability level
o Iined out the ditference between the treatments (Panse and Sukhatme, 1967,

Chandel, 1993).

job G240 G2
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EXPERIMENTAL FINDINGS

The present investigations were carricd on the anthracnose of cowpea
(Vigna unguicidata (1..) Walp.) caused by Colletotrichiim ltindemuthianum {Sacc.
& Magn.) Bri. and Cav. During survey at different cowpea growing areas near
Kanpur and its surrounding districts. it was observed that the cowpea crop was
affected from the disease in varying degree of infection.

There 1s a meager report of the oceurrence and it seems {rom the literature
that not much intormation is available on the major aspects ol the discase.
Therefore. it was thought necessary to work out in  detail about the
symptomatology, disease mtensity. identitication of the pathogen. screcning of
varieties and suitable measures for discase management following th;tcclmiques
described under “Material and Methods™.

Symptoms of the disease:

Under natural conditions, the discase manifest itself mainly on the leaves
but in severe conditions it also appears on stems, petioles and pods.  In the
beginning, the disease appears as minute spots on the leaf lets which later increase

in size and turn light brown to dark brown in coilour (Fig. 2)

The spots may be circular 1o irregular and scattered throughout the leal
lamina. Mostly the lesions remain scparate but in advanced stages of disease
development, they coalesce together to form large (up to 5-6 mm.), (Fig. 3)
necrotic, circular 10 reclangular spots on leaves with shot holes (Fig. 4). Severe
spotting may cause premaiure defoliation. In severe conditions, about 83 per cent
arca 15 covered with the necrotic spots on old and mature leaves. The symptoms
appear on the petioles are small, reddish brown, enlarging 1 to 4 mm in diameter.

On stem they appear as light grey. water soaked and irregular lesions, which later



Symptoms on leaves
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Fig. 3: Coalescence of spots

Fig. 4: Leaf spots with shot holes



on wrn o rusty brown and enlarge up to 2-& mm in lengili,. On pods, Lhe
symptoms appear as small. reddish blotches. which later become light brown to
grayish with numerous acervuli (Fig. 3).

Survey of the disease:

Cowpea crop grown at different places like Students Instructional Farm,
l.egume Research Farm and Vegetable Rescarch Farm of the University, Crop
Research Station-Deegh (Kanpur Dehat), Zonal Agricultural Resecarch Station-
Bharari (Jhansi) and Farmers field in Kanpur and Kannauj districts were regulariy
examincd during the peak period of the disease development L0 assess the severity
under natural conditions. Discase intensity was recorded as percentage teaf area

afTected and data thus obtained are preseribed in the Table -3.

Table- 3: Average disease intensity of anthracnose of cowpea at different

locations.
I District Locality [ Av.
disease
intensity
(Per cent)
Kanpur (1) Students Instructional  Tarm. CS.AUALT. 43 80
| Kanpur.
‘ (ii) Legume Rescarch Farm, C.S. A UA&T. Kanpur. 41.00
(iii) Vegetable Rescarch Farm, C.S.A.U.A &T. Kanpur. 32.00
(iv) Farmers Ficld adjoining to Kanpur. 37.00
Kanpur Crop Research Station. Deegh 39.70
Dehat
Kannauj Farmer's Field. 25.40
Jhansi Zonal Agricultural Research Station, Bhararn. 22.50
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Fig. 5: Symptoms on pods




It is evideni from Table 3 that disease intensity ranged from 22.50 to 43.80
per cent. Almost similar symptoms were absorbed on different varietics ol
cowpea. The maximum disease intensity was recorded at Student’s Instructional
Farm of the University. whereas. il was lowest in the Zonal Agriculture Research

Station al Bharari (Jhansi). In the other lields. disease intensity varied from 25.40

to 41.00 per cent.
Isolation and Purification of the Pathogen:

Isolations were made [(rom infected leaves. which were surface sterilized
with 0.1 per cent mercuric chloride solution for 13-20 seconds. washed 1

sterilized water and ithese pieces were then tansferred on 2 per cent potalo
dextrose agar medium as deseribed under “Material and Methods™. The [ungus
was later purified by subsequent translerring of {resh mycelium in culture tubes

and kept in a low temperature (5 + 1°C) for further swadies.

Pathogenicity tesi:

One month old plants of cowpea raised in pots, under glasshouse
conditions, were inoculated with isolated fungus. FForty plants for each treatment
were maintained in which 20 plants were uninjured and 20 plants were injurcd
mechanically. The plants were inoculated by spraying spore suspension, hyphal
mass and spore masses and then covered with polythene bags. The plants sprayed

with sterilized water served as control. Infection thus obtained in cach case is

given in Table-4.
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Table-4: Pathogenicity of fungus exhibited through different types of

inocuiation.
S. Treatment Uninjured Injured
No.
No. of No. of |Per cent| No. of No. of | Per cent
| plants plants |infection] plants plants |Infection
inoculated| showing inoculated{ showing
infection infection
l. Spore 20 10 50 20 144 70
suspension
2. lyphal 20 13 63 20 {8 90
SUSPEnsIon
3. 1y phal 20 12 60 20 16 83
mass
. Spore mass 20 1] 33 20 15 75
5. | Control 20 - Nil 20 - Nil

The plants sprayed with spore and hyphal suspension  produced
numerous brown coloured spots on the leaves after 48 hours, which soon
increased in sizc up to 3-35 mm and later these spots also produced fructifications
while in the leaf areas covered by spores and hyphal masses, the entire portion of
leaves become discoloured. infection spread rapidly and numerous fructifications

made. Their appearance is related as time progresses (Fig. 6).

From the artificially produced leaf spots, the re-isolations were made,
which resulted in production of the same fungus which was isolated previously
from the naturally infected leaves. Thus, isolation. arlificial inoculation and re-
isolation proved Koch’s postulate and in this way, the pathogenicity of the

1solated fungus was established.
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Inoculated leaf

Fig. 6: Pathogenicity test




Morphological characters of the pathogen:

Morphological characters are considered to be the basis for identifving
the species in a particutar group. With this view, different fungal structure were

studicd on potato dextrose agar medium, which are described as below:
A Mycelium:

The mycelium is branched, septatc when young. hyaline but with the age

they become gravish black in colour (Fig. 7).
1. Acervulus:

Accervulus is mostly globrous measuring 150-250um. The acervuli are dark
brown to grayish black in colour (Fig. 8. 10).
C. Setae :

The setae are dark brown to black in colour, 1-3 septate, measuring 30-100
X 4-9 pm in size and varying in number from 2-135 in each acervulus (Fig. 9).
D. Conidiophore:

Conidiophores are hyaline, short, ercet, unbranched and arranged in
definite lavers on the surface of stromatic tissues. They are packed together

measuring 10.5-16.5 x 2.0-3.0 pum.
E. Conidia:

Conidia produced in pinkish masses arc single celled, hyaline, oblong,
cylindrical with rounded ends or with one end slightly pointed. They measure 11-

20 x 2.5-5.5 um and form appressoria on germination.
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Fig. 7: Culture of pathogen




Fig. 9: Setae




Fig. 10: Formation of acervuli on infected pods



Cultural characters of the pathogen:

The study was taken up to find out the minimum, optimum and maximum
growth requirements of the pathogen in culture with regards to different media as

per technique described under “Material and Methods™.

Qualitative growth:

The pathogen was grown on eight different natural, syathetic and semi-

synthetic solid media. The data on fungal growth were recorded 10 days after

mcubation at 24 -+ 2°C, The results 1hus obtained are summarized in Table-3.

Table 5: Qualitative growth of the fungus and development of acervuli on

different solid media.

S. - Soﬁ;l-laia_ﬁw—" B Av. Diameter (-}f Formation M‘ |
No. fungal colony acervuli
{mm)

1. i 1’01211(;:1:;11'050 agar__ I R 82.34__ I
2. _I?:i_chardfﬁ_ngar ) o 75,33-_ - e
-3." E-szckb (DDox) ag_z_m o 71.34 _ + 44

4. | Kirchoffs agar o 70.44 o t+4 -
3. Oatmeal z;_gar 68.63 - + b o
l_ﬁ_ Cornmeal agar 65.56 e T
| 7. Ashtana and Hawker's agar 58.38 ++
R Tiost extract agar ' 53.67 i o
~ lCDat5% level 4.89 -

(38)



Where.

paetr = fixeellent
-+ + = Good

4+ = [Fair

+ = Poor

It is evident from the Table-3 and its Figure 11 that potato dextrose agar
medium  promotcd best growth of the fungus and gave excellent acervuli
formation followed by Richard’s agar medium. Statistically they were different
from cach other. On rest of the media, growth of the pathogen varicd trom good o
poor. However, the least growth was recorded on host extract medium with poor

acervuli formation.
Quantitative growth :

The same media, which were taken for the measurement ot radial growth in
solid form. were employed in the liquid form for mecasuring the growth and
formation of acervuli of the pathogen. The observations on the average fungal dry

weight and formation of acervuli in different liquid media are summarized in

Table- 6.
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Table 6: Quantitative growth

of fungus and formation

of acervuli on
different [iquid media at 2422°C.

|_S “ | o Du«'lc.;iira | Av. I\*I)fccli_al dry _. Formation ofq _
i No. weight (mg) acervuli

l. Potato dextrose 775 - —t;r+-+

3 Ric_hard‘:-f. medium 761 +4-
:. N Cxal;ck's (_i)ox) 1;‘:;3diL;111 I 5’; N +++_____—
:. | Kirci_1;)l'["s- medium' - - _7'*(-}-'#4_ - + -+ t_—- h
-S. Qatmeal medium - 634 o _: -
] 0. H_J—(_:;);'n meal 11'lt2dill;‘l-l_ - 67:-5 - __—r :_____

7. .fﬂE;ma & Hawker’s medium i 648 b

3__ ilus[ Qxl;llcl ll]C(lillI;'l— ______ b 5935 _ _ _+‘ o
l "CD at__S‘“A: level - 8.89_ R o

[t is obvious f(rom the Table 6 and its Figure 12 that potato dextrose

medium supporied the best growth of fungus and also gave excellent acervuli

formation followed by Richard's medium. Al the media differed significantly

from cach other except Richard’s and Czapek’s (Dox) media which were at par

with each other. The host extract medium supported the average

sporulation of the fungus.

-
—

Mode of spread and perpetuation of the pathogen:

A. Survival of pathogen:

growth and poor

Knowledge of perpetuation of the pathogen as well as creation of artificial

epiphytotics is a pre-requisite for devicing suitable control measures. In the

present investigation the experiments were conducted to know the mode of

perpetuation of the disease and 1ts spread and the resufts thus obtained are being

summartzed here.

(40}
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(1) Role of diseased plant debris:
a)  Survival of the pathogen in plant debris:

To find out the role of plant debris in the survival of the
pathogen. naturally infected leaves and pods were collected during the crop
scason 2003. Onc part of the diseased specimen was kept in paper bags

» under laboratory conditions while other one part buried in pot soil kept in
open (field conditions). in the month ol August. 2003. [solations were made
Irom these specimens at monthly intervals to know the viability period of the
pathogen. Every month ten picees were used for isolation and the percentage
of picces vielding culture is summarized in Table-7.

Table-7:  Survival of pathogen in infected plant debris under different

storage conditions,

”
“S;ragc Mounth of -i:hurntury conditions IR Field Cnnditimtsﬁﬁ !
period Isolation 7?-’;1._0}_ i Nﬂ.-chh %o ol'_i Nt:(;f— _ No. of Y of
(month) picces | picces | picces | picces pieces picces

used for | vielding | yielding | uscd for | yielding | yiclding
isolation | culture | cuiture | isolation! culture | culture
1 Sept.2003 | 10 | 10 | 0 | 10 | 1o | 100
2 Joc,2003 | w0 | a0 | 16 | 1w | 1o 100
3 Nov., 2003 10 10 100 | 10 10 100
4 Dec.,2003 | 10 0 | 100 0|9 90
s Jan., 2004 o | 9 90 | 1w | 8 | o
6 Feb.2004 | 10 | 7 | 70 | w0 | 6 ] 0
- . - — e L
7 March, 2004 10 3 30 10 4 40
I April.2004 | i0 | 0 0 e | 2 20
(9| May, 2004 T o | 10 L
10 June. 2004 10 0 u“‘ Ww o o0 | o0 E
S —_ S — i —_—
|. 11 July, 2004 | 10 0 0 | 10 i 0 0

(41)



It was obscerved that the isolation made from plant debris, yvielded the
culture ol Colletotricluan lindemuthicoiwm upto 7 months when kept in

laboratory conditions while upto 9 months when Kept buried in pot soil.

It is evident {rom the resubts of Table-7 that up to first four (4) months
of storage, the pathogen could be isolated trom 100 per cent of picees of

plant debris kept in either conditions. But therecalter., the recovery

of the
culture from plant debris pieces declined sharply with the increase in storage
period. The pathogen could not be isolated beyond seven maonths of storage
from plant debris kept in laboratory conditions and after nine months ol

storage (rom plant debris kept under field conditions.

b) Role of plant debris in primary infection:

-
A pot culture experiment was carried out to {ind out the role of plant

debris in the initiation of the discase. during the crop scason 2003. The
discascd plant debris stored in taboratory and ficld conditions were mixed
with autoclaved soil in the pots separately. The autoclaved soil without plam
debris served as control. The surface sterilized healthy sceds of cowpea
(varicty K-32069) were then sown in such pots. The obscrvations on scedling
emergence and percentage of infected seedlings were taken and summarized

in Table-8&.
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Table 8: Role of disecased plant debris as primary source of tnoculum.

S. Treatment No. of| No. of | No. of % of |
No. seeds | seedling | seedling| infected
sown jobtainced) infected | seedlings
_— e ___|
1. Discased plant debris kept in| 40 35 7 20.00
laboratory conditions -+ f
autoclaved  soil +  surface |
sterilized seed. |
2. Discased plant debris kept in ’ 40 I 34 11 32.47
ficld conditions + autoclaved .
soll -+ surface sterilized sced l |
3. | Surface  sterilized  sced ¢ | 40 37 | o 0
autoclaved soil without plant i |
debris (control) 1 1
—_— J— - [ ¢ e e e e o man m—. o — - - L .

It is obvious {rom Table 8 that the pathogen was able 1o survive in

diseased plant debris and to cause primary infection in cowpea scedlings.

tThe pathogen survive in diseased plant debris  stored in laboratory

conditions. causcd infection to the wne of 20.00 per cent seedlings while it
infected 32.47 per cent seedlings when surviving in plant debris stored in the
field conditions. The seedlings raised in sterilized soil from healthy, surface
sterilized sceds without mixing plant debris (control), remained healthy and

did not show any infection.

(ii) Role of sced:

To study the role of seced in the perpetuation of the discase it any,

isolations were made {rom the seeds collected {rom naturally infected covwpea

plants, showing characteristic disease symptloms. Sceds from healthy plants were

also collected for comparison, which served as control. The untreated and surface

sterilized seeds were tested by using agar plate and standard blotter method for the
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presence of the pathogen as described under “Material and Methods™. The
observations on per cent seed showing infection are presented in Table-9a.

Table-9a: Survival of the pathogen in cowpea seeds.

S. Treatment No. of No. of sceds | % of |
] No. | seed showing sced
Vo . _._.__.|plated | infection | infected

l. Potato dextrose Agar 400 90 22.50
2. | Standard blotter method 400 97 2425

3. lconweod 00 T Nt T N

- o - S

it is evident from the Table-9a that the pathogen was present in the
sceds. Colletotrichian  lindemuthianum was isolated by both the techniques
employed in the gxperiment. Agar plate method showed that the pathogen was

present in 22.50 per cent of plated seeds while 24.25 per cent sceds were found

v

infected in standard blotter method. The pathogen could not be isolated from the
sceds obtained from healthy plants. However, it was found associated with
mercuric chloride treated seeds in lesser number of seeds, indicating that the
pathogen was present in the internal tissues of the sced.

a. Location of pathogen in the secd:

In order 10 find out the location of the pathogen in the sced, naturally
infected sceds were taken for the experiment. These sceds were then subjected to
separation ol seed coalt, colyledon and embryvo aseptically. The sced parts were
plated in Petri dishes containing 2 per cent potato dextrose agar medium
separately. Such Pewri dishes were examined regularly for the presence of the

growth of the pathogen and data are summarized in Table -9b.

{44)




Table 9b: Location of the pathogen in the seed.

I S. i Parts of sced Presence or ab?encc

b No. ¢ . of the pathogen

‘»!. Seed coat -+

l 2. Cotyledon - o LT
FS__ Limbryo - 7 o+ N
Where,

i Denotes presence of the pathogen
- Denotes absence of the pathogen.

It is evident from the Table -9 that the pathogen could be isolated {rom
the seed coat, cotvledon and embryvo. Thus. it is clear from the results that the
pathogen 1s also seed borne in nature (IFig. 13).

b. Role of seeds in discase development:

To study the role of sceds in the initiation of the disease, naturally and
artificially infected seeds of cowpen collected in the previous year, were stored at
room temperature (15-25°C) in the laboratory for sowing in the next season. Five
seeds per pot (30 em diameter) were sown in auwtoclaved soil. Scts of surface
sterilized healthy seeds were also sown in autoclaved soil. which served as
control. The data on percentage of infected seedlings were recorded and are being

presented in Table -9c¢.
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Fig. 13: Location of pathogen in the seed




Table 9¢:

Rotle of infected seeds in disease development.

It is clear from the results presented in Table -9¢ that the discase was
suceesstully reproduced from infected seeds sown in sterilized soil. Discase
symptoms were observed on 20,58 per cent secdlings in case of naturally infected
seeds while 30.30 per cent scedlings were found infected when raised {rom
artiticiaily infected seeds. On the other hand, plants raised from healthy surface
sterilized seeds did not develop any symptom of the discase. This clearly indicates
that the diseased seeds served as primary source of inoculum.

(iti} Role of infested soil:

Pure culture of the pathogen raised on sand cornmeal medium, having
profuse sporulation was thoroughly mixed with autoclaved soil. The pots fitled
with this infested soil in the month of September were kept at room temperature
(15-25°C) uill the next scason. The surface sterilized healthy seeds were sown in
these pots. Pots filled with autoclaved non-infested soil and sown with surface

sterilized seeds scrved as conirol. The data on scedlings were recorded and are

presented in Table -10:

{46)
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Treatment No.of | No.of No. of Yo of
! seed seedlings | infected | infected
| sown obtained | seedlings | seedlings
Naturally infecied seeds 40 34 7 20.58
Artifteially inflected sceds 40 33 1 30.30
' Surface  steritized  healthy secds ] 40 38 Nil | ﬁNi] N
i
(Control) i
S U S R R

Ca4 };&""ﬂ



Table -10:  Role of infested soil in the perpetuation of the disease.

l— Treatment No. of No.of | No. of % of |
'1 sceds scedlings seedlings infected
e __sown | obtained infected seedlings

' Soil infested  with  fungal | 40 37 7 | 1809]

culture  +  surtace sterilized

secds ¢
Non infested autoctaved soil + 40 38 Nil Nii
surfice sterilized seeds

{control)

It s evident from the Table -10 that the plants raised [rom sterilized sceds in
infested sotl developed discase symptoms as produced by the pathogen. In this
case 18.91 per cent scedlings were found to be infected. The plants grown in
control from sterilized sceds in autoclaved non-infested soil did not show
infection and remained healthy during the experiment. This clearly indicated that
the infested soil served as the primary source ol inoculum.

B. Secondary spread of the diseasce :

In order to determine the role of air borne inoculum in the secondary
spread of the disease. cowpea plants were raised in pots from healthy, sterilized
seeds sown in sterilized soil, under glass house conditions. Two scis of pots were
placed 1in wvicinity of infected cowpea field. Observations were made on the

percentage of infected plants and the results are summarized in Table-11.
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Table -11: Role of air borne inoculum in the sccondary spread of the

discase.
~ Treatment | No.of| No.of | No.of | % of
seeds | seedlings | infected | infected
; sown obtained } plants plants
Swrilized  scedvautoclaved  soil | 40 | 36 | 26 | 7222

P exposcd for acrial infection

Sterilized seed + autoclaved soil kept 40 38 Nil Nl

covered in polyvthence tent.

1
|
-

|
|
|
|
|
|
|
|
|

i
|
|

e N S

It 15 obvious from the results shown in Table -11 that the discasce
svimptoms developed ondfy on those sets of plants. swwhich were exposed to acrial
infection. In the experiment, the percentage of infected plants by air borne
moculum was 72.22. The other sct of plants kept covered with polythene tent
were free from any diseasce symptoms. during the experiment.

On the basis of results, it was concluded that the sccondary spread of
the discase was by no other means except the air borne spores (conidia). as there
were no chance of disease development either through sced or soil since both
were already stc:l'ilized at Lime of commencement of the experiment,

Isolation of bio-agents and their sereening against the causal pathogen in
vitro:

The following antagonists (bio-agenis) were isolated from the
rhizosphere of cowpea plants from different locations and identified on the basis

of their morphological characters under microscope.

Trichoderma viride :

Growth of Trichoderina viride is 8-9 ¢cm within 4 days, dark bluish
green, colony texture 1n floccose. mycelium is loose tufis in concentric rings.

Conidiophores are irregularly branched, phialides not more than 2-3 in groups.
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often single. opposite. shape is often sigmoid or hooked. Conidia is globose to
ovoid rarely ellipsoidal. Chlamydospores are comimon.

Trichodering harziannm:

Growth rate is 7-9 cm within 3 davs and colour is dark green, colony
texture is floccose. compact mycelium. Flexuous regularly, highly branched
conidiophores. whorls phialides which is ampuliform to lagenitorm in shape.
Conid'in.subglnbose to ovoid. smooth and light green, chlamydospore is fairly

abundant.

Trichoderima virens :

Growth rate 8.0 - 9.5 ¢m within 4 days. dark bluish green to dull
blackish green in cotour and structure is floccose. flat pustules, simple re-
branched conidiophores. Phialides arc in whorls of 2-3 occasionally single, pin
shape and curved. Broadly ellipsoidal to oveid, smooth conidia of green colour
and chlamvdospore is abundant.

Pseudomonas flourescens:

These are gram negative and flageltated rods. It produce a yellow
green. water soluble pigment, which diffuses into the myceliom and is Norescent

under UV light.

Bacillus subtilis:

The sporc is oval, central relatively thin walled and its diameter 1s
never greater than that of the vegetative cell. These form endosporc which remain
dormant for many years. These are gram positive.

Fungal and bacterial bio-agents isolated from rhizosphere of affecied
cowpea plants were tested to find out their cfhicacy against the pathogen in vitro

by using dual culture technique as per procedure mentioned under “Material and

Methods™. Data recorded are prescuted in Table-12.
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Table -12:

e

o—

Effect of bio-agents against the pathogen in vitro.

- S. Bio-agents } ;\ferage growth (mim) % inhibition |

i No. Antagonisi_ P:lthggenJ | over control.

| 1. ﬁf'choderma viride 51.23 16.05 81.50 |

i 2. ?;'Cfma’erma harziconinn 49.50 19.35 - 7850

30| Trichoderma virens 46.66 2339 | 7101

Fa Pseudomonas _;‘Z—Jurescei-;s 39.40 31.44 65.07
5. | Bacittus subtitis 2775 4924 | 43528
6. | Comtrol [T T[T o000 ] LT
CDats% l - a2
{ I — = . - R &

The resulis prcscm::dnin Table -12 and its currcspbhding IFig (t4)
showed that the myccelial growth of Collietorrichion lindeniwahicmern was reduced
o a greal extent by extenstve growth of bio-agents in dual culure technique.
Maximum inhibition (81.50%) of growth of the pathogen was obtained with
Trichoderma viride f{ollowed by T. harzianwm and Trichoderma virens.
Psendomonas flowrescens was comparatively less efftective against the pathogen
whereas Bacillies subtilis proved 1o be least effective as it inhibited only 435.28 per
cent growth ol the pathogen.

Screening of cowpea varieties / cultures for disease resistance:

Resistant varieties play an important role in conuolling the discase
and increasing the quality and quantity of produce without increasing the cost of
cultivation. pollution and toxicity in the products and by products of crops.
Theretore, this experiment was conducted for picking out the source ol resistance

against Colletotricliuum lindenmurhianom of cowpea.

(50)
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A total number of 80 varictics” cultures were screened under natu

conditions at Vegetlable Research Farm, Kalyanpur of the University during cr

seasan. 2003 and 2004,

The

varicticss

cultures

were  grouped in vartous  categorics

resistance and susceptibility on the basis of lcaf arca affected and the resuls ;

presented in ]

Table £3:

Rexction

able -13.

of

cowpea

varicties/cultures to Collerotrich,

lindemudthianinn under natural conditions during 2003 and 200-

JC-5.

P-8:

631.2

H7:29

Numerical Category — T\"_:imc_ ;)f \-':n'iici-tics/ cultures
value
0 immune Nil I
1 [ Resistam (01%- | RCV-7. RCV-326. Scl- 16, BCKV-2. CIi
5.0% infcction) 2, BCP-3, P28, Type-2, M-33,
L 1270, Ni-390.
2. | Moderately | M-120. M-341. M-462, M-278, PCV-:
* resistance (3.1%- | Pusa Rituraj, Cowpea-263, TVRCR-1. I
10.0 % intcction) 326 Pusa Komal, NP-1, VS-135, CpPC-1.
10, Pusa Barsati. NDPC-13, C-2, C-13.
U750 I Moderately | C-263. C-152. M-d4, M-312. M-481.
susceptibie (10.1%- | 483, M-431, C-1, C-5, C-12, C-14, §-8
25.0% infection) 16, P-863 JC-5, JC-10, P-1270,
[Lobia Lal.
4. Susceptible (25.1%- | M-72. M-97. M-110. M-3 10, M-383, M-.
50.0%% infection) M-485, M-478, M-442, S-9, S-18, C-7
152, G-7, P-8203, P-8204.
5. Highly susceptible | S-14, C-6. G-5. BCKV-1, M-391, M-
(Morce then  50% | I1G-16, 1G-25, [1G-5236, 1G-8201, I1(-8
infcetion) P-696. K-5269.

G B, A, waivuitg
Myeavy Ko



It 1s evident from the Table -13 that out of 80 varieties/ cultures screened
so far, 12 were proved resistanl. 18 moderately resistant, 19 moderately
susceptible, [6 susceptible and 13 highly susceptible. None of the variety/ cullure
was found consistently immune to the disease.

Thirty wvaricties/cultures showing resistant and moderately resistani
reaction under natural conditions in two successive vears (2003 and 2004) were
further tested under artificial inoculation conditions in the crop season 2005.
Plants ol cach variety/culture were raised from surfuce sterilized seeds in 30 cm
carthen pots filled with autoctaved soil. The inoculation of plants and other
procedures were the same as described under “Material and Methods™. The data
on discase mtensity were recorded at resular intervals and the results thus

=

obtained arc presented in Table-14.

Tablc—ld:" Reaction of cowpea varielies/cultures against Colletotricltum
lindemuptiiianon under artificial inoculation conditions (2005).
[ Numerical Category Bl Name of varieties/ cultures
value
0 Immune Nil o )
0 Resistant | RCV-7. RCV-326. Sel-16, BCKV-2, Pusa
Rituraj, M-278, NP-1.
2 1 Modcrately resistance | M-120. M-441, M-462, 63\\!1:--::21-263, VS-
15. P-1270, Pusa Komal, M-390, P-28,
BCP-3
3 Moderately 1 Pusa Barsati, Type-2, TVRCR-1. NDPC-
susceptible 13, CPC-1, PCV-395, JC-10, CIICR-2.
A Susceptible | C2.C-13,1C-5, PCV-326 M-33.
5 Highly susceptible Nil

(52)



A critical study of the results presented in Table-14 indicated that under
artificial inoculation conditions. cowpea varicties/ cultures differed significantly
in respect of their reaction against the pathogen. Out of 30 varietics/ cultures. only
7 wvarieties/ cultures proved resistant, 10 moderately resistant and the rest were
proved moderately susceptible 1o susceptible.

Evaluation of the impact of date of sowing, soil pH, soil amendments, soil
textures, different doses of P and K and bio-agents on disease intensity:

Different types of practices like different date of sowing, soil pll. soil
amendments. sotl textures. different doses of P and K and bio-agents were
employved 10 the present study to access their impact on the management of
anthracnose of cowpea.

(a) Effect of different date of sowing on the discase intensity:

Change in sowing date is a cultural measures for crop discase management.
It reduces the period over which infection agents (propagules) meet the
susceptible stage of the host. 11 the environmental factors for the pathogen are the
same as {or the host. disease incidence is likely to be more. In the mean time, it is
also possible that the host can be grown at a much wider range of temperature and
hurnidity, which may not be favourable for the pathogen. One of the methods to
achieve goal is to alter the date of sowing so that the susceptible stage of plant
growth docs not coincide with the environment highly favourable for the
pathogen, Early or delayed sowing of the crop enables the host 10 escape critical
period. The results pertaining 1o the date of sowing and disease incidence

recorded year wise are sununarized in the Table -13.

{53)



Table -15:  Effect of date of sowing on the disease intensity.

S. Date of sowing Average disease intensity (Per cent)_
No. | 2003 2004
l. | Second week of June 37.92 (37.98) 38.62 (38.38) |
2. | Last week of June 36.21 (36.99) 34.81 (36.13)
3. Second week of July 2951 (32.90) 3:0.6;(33.62)
4. Last week of July o 2_8.3 1 (32.13) 26.30 (-3(;1.82)
. CDat5% 3.62 3.49

The data presented in the Table -18 (Fig. 13) revealed that minimum
discasc mtensily was 28 31 per cent in 2003 and 26.30 per cent in 2004 when crop
was sown late in the scason (Last week ol July), whereas, maximum disease
intensity 37.92 per cent and 38.62 per cent was obscerved when crop was sown
carly in both the crop scason (2" week of June). The discase intensity was also
high when the crop was further delayved in sowing (Last week of June) in bolh the
years.

Thus, finding showed the importance of sowing the crop when the best
temperature and moisiure conditions present for rapid growth of the host to cscape
critical period of diseasc incidence.

(b) Effect of different soil pH on disease intensity:

In order to find out the impact of different soil pH on disease intensity,
experiments were conducted in the glass house of the Department during 2003
and 2004. The experiments were done according to the procedure described under

‘Materiz]l and Methods’. For this purpose, five seeds were sown in cach pot

{54)
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{30cmy} und replicated thrice. The rate of disease intensity was recorded at the time

of harvesting and results are summarized in Table -16.

Table- 16 :  Effect of differcent soil pH on disease intensity.
5. | Ssoil pH | Average discase intensity (Pef_ccnt) Aw_!_crﬂge disease
No. 2003 2004 intensity (Per cent)

L. | 5.0 23.34 (28.85) 24.58 (29.67) 23.96

2 5.3 28.32 (32.27) 26.76 (31.12) 2764

3 6.0 | 34.82(36.15) 35.18 (36.37) 35.00

4 6.5 | 39.74(39.07) 38.67 (38.45) | 3920
5 7.0 | 3274 (34.73) | 32.96 (35.03) 32.85

6. | 715 21.86 (29.93) 20.28 (26.74) | 2107
7. | 8.0 22.39 (27.65) 23.01 (28.05) 22.70

CD at 5%

2.28

The results presented in Table 16 (Fig. 16) revealed that the highest discasc

intensity was observed at pll 6.5 followed by pH 6.0 and pli 7.0. [.east discasc

intensity was observed at pH 7.5 foltowed by pH 8.0, which were stalistically at

par with cach other.

Thus, the finding showed the importance of soil pH in relation to discase

development.

(¢) Effect of different soil amendments on disease intensity:

To see the impact of different types of soil amendments, the experiments

were conducted in the glass house of the Department during 2003 and 2004. The

experiments were deployed as per procedure described under “Material and

(55)



L0°€EeC

08

6€°22

Ajisuajul aseasip uo Hd |10s Jualayip Jo 10843 91614

S'L

98I

87°02 _

voocH

96°Z¢

0L

pL2E

Hd 108
G'9

L9°8¢

vL'6¢

09

gLge 28'vE

€o0c@E

§'S

—

582

0'S

-

85°ve

w

(=

L

w

b

o

Z

0¢

S¢

ov

AjIsuajul aseasip Juad 1ad



Methods™. Fach treatment was replicated thrice. Avcerage disease intensity was

recorded in both the years and results are summarized in Table — 1 7.

Table - 17: Effect of different soil amendments on disease intensity:
S. Soil Average disease intensity (Per cent) Average disease
No. amendments 2003 2004 intensity (Per
. cent)
1. | Pyrite 13.46 (21.44) 14.58 (22.32) 14.02
3. Neem cake 15.36 (23.04) 16.76 (24.11) 16.06
3. | Paddy straw 1874 (25.65) 19.96 (26.53) 19.35
(4. | Mustard cake 21.25(27.74) 21.34 (27.51) 21.29
5. | Castor cake 23,14 (28.73) 24.38 (29.58) 23.76
6. | Gypsum 27.95(31.91) 28.85 (32.48) 28.40
7. | Wheat straw 31.48 (34.12) 32.69 (34.87) 32.08 )
8. | Control 35.28 (36.41) 36.35 (37.06) 35.81
- cpats% | 240 | aae T -

It is evident from Table-17 and its corresponding Fig. 17 that disease was
minimized in varying degree by the use of different soil amendm ents as compared
to control. However, disease intensity was reduced to a great extent with the
addition of pyrite (20 tonnes/ha) as soil amendments followed by neem cake (30
tonnes/ha) in both the years and they were statistically at par with each other. Rest
of the soil amendments were in descending order of merit as regards to diseasc
intensity except wheat straw which was least effective and have maximurm disease
mtensity.

Therefore. it is suggested that the soil amended with pyrite and necm cake

would help in minimizing the disease as compared to others.

(56}
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d. Lffect of different types of soil on disease intensity:

Anthracnose caused by Cofleratrichiam lindennuthianion is a major disecase

which hampers the cowpea production in the country. It has been observed that

the pathogen have ability 10 survive in the soils and exhibits different reaction in

different soils. Therefore. it was thought worthwhile to study the effect of

differcnt types of soil texture on the incidence of the anthracnose of cowpea.

To observe the impact of different types of soil on the disease intensity, the

experiments were carried out during crop season 2003 and 2004 as per procedure

described under “Material and Methods™. For this purpose five sceds were sown

in cach pot (30cm) of each soil and replicated thrice. The rate of discase intensity

was recorded and results are summarized in Table - 18,

Table - 18:

Effect of.different types of soil on disease intensity.

-

s. | Types of soil

Average disease intensity (Per cent)

Average diseasc W

No. 2003 2004 intensity (Per
cent)
1. Clay soil 16.34 (5,3,81) 17.54 (24.61) 16.94
2. Silt loam sotl 19.28 (26.00) 20.38 (26.01) 19.8_3
3 Sandy loam soil 23,344 (29.15) 24.96 (29.97) 24.35
4. | Loam soil 26.22 (30.79) 27.39 (31.54) 26.80
CD at 5% 2.82 2.86 "

It 1s evident from the Table - 18 and its corresponding Fig. 18

that the minimum disease intensity was recorded in ¢lay soil followed by silt loam

soil in both the years and they were statistically at par. The maximum disease was

recorded in loam soil.

{57}
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e. Effect of different doses of phosphorus and potassium on intensity of the
disease:

To determine the eftect of phosphorus (P) and potassium (K) application
on the severity of the disease an expertment was conducted at Vegetable Research
Farm. Kalvanpur of the University in Factorial R.B.D. by using the method
described in the “Material and Methods™. Difterent combinations of I and K
doses were applied in different plots. Disease severity in each treatment was
recorded ot the ume of crop maturity and data thus recorded were analyzed
statistically. The results are being stmmartzed in the Table - 19,

Table - 19:  Effect of phospihiorus and potassium on discase intensity.

P/K L 2003 Av. | 2004 Av.
KU KZI]’ K-lﬂ - K[l KZ“ K4U
P, | 3878 | 2397 | 16.26 | 26.37 3954 |[24.76 |17.82 | 27.37
(38.5) | (29.2) | (23.D) | (30.5) [(38.9) [(29.7) |(24.9) [(31.2)
Py, 24.14 | 1936 | 15.82 | 19.77 |2524 |2050 |1692 | 208
(29.4) | (26.1) | (23.4) | (26.3) [(30.1) | (26.9) | (24.2) | (27.1)
P 17.30 | 13.42 | 13.02 | 1458 [18.02 | 1496 |14.10 | 1569
(2457 | (2148) | (21.06) | (22.37) | (25.11) | (22.75) | (21.92) | (23.2)
Average | 26.74 | 1892 | 15.03 27.60 | 2007 | 16.28
(30.88) | (25.62) [ (22.76) (31.40) | (26.49) | (23.72) |
CD at 5% level of significance for the year 2003 =1.75
2004 = 1.35

The resulis given in Table — 19 Fig. 19 indicated that the discasc inlensity
decreases with the increase in the doses of phosphorus and potasstum. The {owest
disease intensity was recorded when phosphorus was applied (@ 60 kg/ha with the
potassium @ 40 kg/ha. The disease ntensity in the combination of PgKyg was

13.02 per cent and 14.10 per cent during the vear 2003 and 2004, respectively.

(58)
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The highest disease intensity was recorded in treatment combination PoK,, which
was 3878 per cent and 39.53 per cent during 2003 and 2004, respectively
followed by the disease intensity in treatment combinations Pjiq Kg. PyKag and Py,
K¢ respectively in both the vears.
f. Lifect of different bio-agents on the disease incidence:
(i) Effect of bio-agents as sced dresser on the discase intensity:
Evaluation of bio-agents as secd dresser was made according o
appropriate procedure described earlicr under “Material and Methods™.
The results obtained are presented in Table -20.

Table - 2¢: Effect of bio-agents as sced dresser on the discase intensity.

S. Antagonist No. of .‘\verﬁlge no.| Av. Per cent
No. plants | of affected (Discase
- per plot plants per intensity)

B plot -

Trichoderma viride 20 3 15.0(22.59)

2 Trichoderma harzianun 20 4 20.0 (26.52)

3 Trichoderma virens 20 6 30,0 (33.21)

4. Pseudomonas flowrescens 20 8 40.0 (39.23)

5 Bacilius subtilis 20 9 45.0 (42.13)

6 Control ) 20 ) il 35.0(47.87)

| CD at 5% 4.12

It 15 avid from the results presented in Table -20 (Fig. 20) that all the
bio-agents were significantly superior over control. Minimum discase
incidence (15%) was recorded in the wrial where seeds were treated with 7
viride tollowed by T harzianun: (20.0%) as regards to the management of
the disease followed by 7. virens (30.0%%). The high discase intensity was
noticed with P. flourescens (40%) and Bacillus subrilis (45.0%) which

praved worst among all the bio-agenis tested.

(59)
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(i1) Effect of bio-agents as soil applicants on disease intensity:

To see the ctffect of bio-agents as soil applicants. experiments were
conducted in plot size of 3 x 2 m. Each treatment was replicated thrice and
irrigated periodically. The experiments were laid down as per procedure
mentioned under “Material and Methods™”. Observations on diseasec
intensity were recorded and data are presented in Table -21.

Table - 21: Effect of bio-agents as soil applicants on disease intensity:

S. Bio-agents Average disease intensity (per
No. cent)
- _ 2003 2004
T_ _}"ij_c'hoc!w'mcr viride - 18.72 (26.59) 19 38 {2(1._'5)?; R
2. Tf‘ichode;:m larzicaium _2 [.} 8-(2?.40) ?:?.46 {28.26) B
3 Trichodernia virens 24.01 (29.28) 25.35._(3;{].:33_}-—
_—L_ ._!-’:f:frzfc_);wmwﬂoure.s'ce.ff.s' *28_20 {(32.07) 2_9.5() (32.93) B
5. | Control 36.92 (37.04) 39.24 (38.82)
CD at 5% | 3.20 350

It is evident from Table - 21 and its corresponding Fig. 21 that ali
the treatments were signilicantly superior in minimizing the incidence of
anthracnosc of cowpea over control. Minimum discase intensily (18.72 &
19.38 26) in both the years of the disease was recorded when soil was
incorporated with 77 viride formulation. However, the second best bio-
agent was 7. harziamuom  followed by 7. virens as regards 1o the

management of the disease. In case of bacterial bio-agents, formulation of

£ flourescens proved least effecrive.

A FE

(60)
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DISCUSSION

Vegetable crops have remained as a mainstay of Indian economy for
centurics. This is because of its high nutritive value and [orming an intcgral part of
daily diet of the predominantiy vegetarian population in India. Over the last three
decades ol high vielding varieties cra, the magnitude of vegetable production has
not been proportionate to cercals and remained almost stagnant. As a result of ever
increasing poputation of the country. the per capita availability ol vegetables has
been shown as sharp decline in recent past. Among the major factors limiting the

production of cowpea. problem ot discases 1s the most important one.

Few discases of this crop. which were of minor importance, now have
assumed serious proportion and several new diseases have come into prominance.
The anthracnose diseasc of cowpea 1s one of the such discases. During the course
of survey of cowpea discases at Kanpur and adjoining arcas, important varietics ol
cowpea were found moderately to heavily infected with anthracnose discase

caused by Colletorrichumn lindemudhiconon (Sace. & Magn.) Bric. & Cav,

Despite the introduction of high vielding vareties and improved culiural
practices, production of cowpea per unit area is still low. Therefore, it is essential

that duc importance should be given to cowpea crop for stepping up its production.

As is evident from the available literature, there is only report of the
occurrence of anthracnose of cowpea but no information is available regarding
major aspects of the disease like perpetuation and spread of the pathogen, varietal
screening and various methods of management with ultimate aim of finding out the

best conirol measures.



Under naturai conditions 1the disease manitests itsell mainly on the leaves
but in severe cases it may also appears as minute. circular to irregular spots
scatlered on leaf lamina. These spots are light brown 1o dark brown or reddish
brown in colour. In the beginning., these lesions remain separate but later on,
coalcsce to form large necrotic, circular to rectangular spots on leaves with shot
holes which may also cause defoliation. The lesions appear on petioles are small
and reddish brown. On stein, the symptoms appear as light grey. waler soaked and
irregular lesions. which later becomes rusty brown and enlarge up to 2-8 mm in
diamecter. On pods the symptoms appear as small reddish brown blotches, which
later become light brown o gravish and in advance stages. they may produce
numerous {ruiting bodics (acervuli). The syvmptoms appear on the cowpea plants
are morc-or-less similar 1o those as described by Baily ef ¢/, (1990); Rahman ef «f.

{ 1999) on lL.ablab and Paula - Junior ¢t «l. (1994) on Phaseolus vidgaris.

Discase survey conducted in four district of Uttar Pradesh during the crop
secason of cowpea in 2003 and 2004, Colietotrichion lindemuthianum was found
invariably associated with the cowpea plants of different stages. No previous
intormation is available about the prevalence and severily of the disease under
present conditions of cowpea crop husbandry and iniensive cultivation. 1t is likely
that the population of the fungus on the soil surtace and plant residue has gradually
built up higher and is making its presence fell with the occurrence of the

anthracnose of cowpea.

During the course of present investigations, disease samples were collected
by personal visit and some samples were obtained through plant pathologists and
other scientists working at ditlerent research centers. According to present findings

disease incidence at different places was quite high during crop season. This may
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be due to lavourable environmental conditions or the pathogen may be more

virulent or the interaction of both for the development of the discase.

During the investigation, disease samples were collected from fields and
isolations  were made from them. These isolattons vyielded 1the fungus,
Colletotricinum lindemuthianm (Sacc. & Magn.) Bri. & Cav. Pathogenicity tests

-
were then carried out on cowpea plants by artificial inoculation to examine the
pathogenic behaviour of the isolated fungus. In pathogenicity tests, it produced

typical anthracnose symptoms on inoculated plants and thus proved the Koch's

postulates.

After isolating the pathogen from discased plants, its morphological
characters were studied. Accordingly, the fungus produced branched, seplate,
hyaline mycelium in the beginning. which later becomes grayish black in colour.
The acervulus i1s mostly glabrous, measuring 1530-230 pum and dark brown to
aravish black 1n colour. The sctae are dark brown to black in colour, 1-3 septate
measuring 30-100 x 4 -9 pm in size and 2-15 1n each acervulus. Conidiophores are
hyaline, short, erect, unbranched and arranged in definite layers on the surface of
stromatic tissues. They are packed together, measuring 105 -16.5 x 2-3 pun.
Conidia produced in pinkish masses are single celled, hyaline, oblong to
cylindrical with rounded ends or with one end slightly pointed measuring about
[1-20 x 2.5-5.5 pm. Thus, morphological characters of the fungus closely

resemble with that of described by Corda (1931); Emumett and Parberry (19735).

Knowledge of cultural characters of a fungus is of great help in
understanding its behaviour towards host under varying conditions. On the basis of

composition, there are two general types of media, natural media that are
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composed of entirely natural products and synthetic media of known composition.
In the preset study. Potato dextrose agar medium (PDA) was used as basal medium
for cultural and morphological characters and it was [ound to be best one ftollowed
by Richard’s medium for the vegetative growth and acervuli production. However,
least growth of the pathogen was observed on host extract medium. On rest of the
media, its growth varied from nioderate to good. These findings are in agreement

with the hindings of Iloldeman (1950) and Pria ¢t af (1997).

1y general. the production of acervuli by the pathogen varied from excellent
to poor on different media. The production of acervuli (sporulation) was good not
only in those media. which supported good mycelial growth but also on Oatmeal

and Kirchott™s media in which gencrally less myceelial growth occurred.

On the basis of diffecrent morphological and cultural characters, the lungus
associaled with the anthracnose of cowpea, is identified as Colletotrichm

lindemuthianun (Sace. & Magn.) Bri. & Cav.

In the studics pertaining to the survival, primary infection and secondary
spread. the pathogen was found to survive through diseased plant debris, seeds and
infested soil. The pathogen could survive and remain viable for seven months
under laboratory conditions and nine months in field conditions in infective stage

in diseased plant debris, which served as primary source of inoculum.

The present results are more-or-less similar to the findings of Onesirosan
and Sagay (1950), who reported that C. lindemuthianum survived in diseased stem
tissues either left on the soil surface or plowed under. The present investigations
are also in agreement with that of Thakur (1992) who also reported Colletotrichum

{indemurhiamum surviving to next season on mungbean crop residue in soil.
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Besides these, the present investigations are also agree with findings of Dillard and
Cobb (1993). who reported C. {lindemuthianum on bean which over winters on

plant debris lving on soil surface.

Seeds play an mportant role in survival and dissemination of many plant
pathogens. In the present investigation seed borne nature of the pathogen was
examined in' seed samples obtlained trom affected plants showing characteristic
disease symptoms. The pathogen was detected from naturally infected seeds by
plating them on potato dextrose agar medium (PDA) and by standard blotter
method. In case of PDA. 22.50 per cent seeds were found infected while 24.25 per
cent sceds were observed infected in case of standard blotter method, whereas, the
pathogen could not be detected Irom the control. Lxperiments were also conducted
1o determine the locations of the pathogen for its survival through sceds. In the
present findings the pathogen was found Lo survive in sced coal, cotyledons and
embryo. The role of infected seeds in the development of the disease in the next
season sown crop was also established in pot culture experiment. Prasanna and
Rama Prassanna (1980) reporied C. lindemuthianum surviving in cowpea sceds.
The present findings are also corroborated by the observations of Prassanna
(1983). Ravi et af {1995); Sharma es «f {2001) and Qandah and Al-Momany
(2003).

The observations that the plants grown in pots containing elther intested
soil or diseased plant debris with sterilized soil, expressed disease symptoms and
coniirmed that intested sotl and other plant debris harbour the pathogen and play

an important role in development of disease in the next crop season.

Studies on the sccondary spread of the puthogen revealed that sccondary

spread took place through the spore (conidia) formed by the pathogen on infected
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plant parts. Under natural conditions a large number of acervuli are formed on
infected plant parts by the pathogen. The acervuli release number of conidia,
which cause secondary infection when transported by air {rom lower leaf te upper

leaf and {rom one plant to another plant.

In virre study on biological control of C. lindemuthianum was carried out
by using antagonists like Trichoderma viride. Trichoderma harziasm,
Trichoderina virens, Pseudomonas flowrescens and Bacillus subtilis by dual
culture technique. All the bio-control agents inhibited mycelial growth of pathogen
to a great extent. 7richodornia viride exhibited the maximum antagonistic aclivity
causing an inhibition of 81.30 per cent in the growth of pathogen fotlowed by
Trichoderma harzicnnon,  Trichoderma  virens and  Pseudonionus  flourescens
whereas, Bacifius subtilis showed the minimum antagonistic activity. Similar

results are also reported by Barros er af. (1993) and Jeyalakshmi er af. (1998).

Breeding Tor discase resistance is an important and the first line measure 1o
control a discase. This measure is not only simple, practical and eflective but also
environmentally sale and sustainable, which saves time and energy and also lowers
the cost of production. Out of 80 varicties/cultures ol cowpea were screened, 30
varicties/cultures remained resistant to moderately resistant against the disease
under natural conditions for two consecutive vears 2003 and 2004. When these 30
varieties/ cultures were {urther subjected to screening under artificial inoculation
only 7 varieties/cullures viz.. RCV-7, RCV-326, Secl-16, BCKV-2, Pusa Rituraj,
M-278 and NP-1 were found to be resisiant and 10 varieties/ cultures viz., M-120,
M-441, M-462, Cowpea-263, VS-15, P-1270, Pusa Komal, M-390, P-28 and
BCP-3 were proved moderately resistant whereas, the remaining varicties/ cultures

were graded under moderately susceptible to susceptible. The preseni findings
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emphasized the need for further evaluation of more number of genotypes against
the disease so as to get genotypes with high degree of resistance i combination to
high vield potential. The present results also supported the findings of Sohi and

Rawal (1983). Adebitan er a/. (1992) and Adebilan and Olufajo (1998).

Sowing date is a cultural measure for crop disease management. [t reduced
the period over which infection agents (propagules) meet the susceptible stage of
the host. 1f the environment is favourable for the pathogen, the same as for host,
disease incidence will likely to be high, but it is atso possible that the host can be
grown at a much wider range of temperature and humidily which may not be
favourable for the pathogen. This dissimilarity in tavourable environment lor host
and pathogen can be explained for disecase management. One of the methods o
achieve the reasonable management of the disease is 1o alter the date of sowing so
that the susceptible stage of plant growth doces not coincide with the environment

highly favourable for the pathogen.

In order to know the effect of different date of sowing of cowpea on
the discase intensity, four different dates of sowing were taken for obscrving the
disease occurrence. The maximum disease intensity was observed when crop was
sown carly in season (2" week of June) and it gradually decreased with the
increase in sowing dates. The disease intensity was lowest when crop was sown
late in season (last week of July). Thus, the finding confirmed that the crop should
be grown at that time when best temperature and moisture conditions are present
for rapid growth of the host to escape the critical period of disease incidence.
These observations are also according to the findings of Thakur and Khare (1990)
who reported that late sowing of cowpea reduced the disease incidence caused by

Colletotrichum lindemuthianum in comparison to carly sowing.
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Studies were carried out to see the eftfect of different soil pll on the disease
occurrence during crop season 2003 and 2004, It was observed that minimum
discase intensity was observed at pH 7.5 tollowed by pll 8.0, which were
statistically at par with each other. The maximum disease intensity was recorded at
pIT 6.5 followed by pH 6.0. Thus. it was clear from the experiment that high soil
pH reduce the discase intensity. Choudhary (1937) and Chandrasekaran and
Shanmugan (1984) also reported same tyvpe of results on difterent crops with

difterent causal agents.

In order o see the impact of difterent soil amendments on the discase
intensity. seven different soil amendments were used. Minimum discasc intensily
(13.46% and 14.58%) was observed when soil was amended with pvyrite (20 ¢/ha)
followed by neem cake (30 U‘lla}_ Soil amended with wheat steaw was {ound least
effective in controtling the discase in both the vears i.c. during 2003 and 2004, The
present results also supporied the findings of Sandhu (1992) and Singh ¢t af

(2006} who worked on different crops.

[ order to find out the effect of different types of soil {texture) on diseasce
intensity, the pot culiure experiments were carried out under natural conditions. It
was observed that disease intensily was maximum (26.22% and 27.39 9%) in loam
sull, whereas, it was minimum (16.34% and 17.54 %) in ¢lav soil in both the years
followed by silt toam soil. These findings are in accordance with the results of

various workers (Srivastava and Kamtham, 2002 and Ghasolia er «/. 2004 ).

By enlarge. the nutrition of a plant determines the resistance or
susceptibility to disease. Non availability of some nutrient elements to the plants
may result in proneness to discases, while extra availability of seme other nutrients

also increase discase susceptibility. The eftect of phosphours (P) and potassium
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(K) on disease inlensity has been exiremely worked out because of their limited
availability in soil in comparison to their large quantity required for optimum plant
agrowth. Present studies also deal with the effect of phosphorus and potassium

application in cowpea crop on severity of anthracnose.

The results of study revealed that the disease intensity decreased
with increase in doses of P and K. The loweslt disease intensily was recorded when
phosphorus was applied @' 60 kg/ha with polassium @ 40 kg/ha. The disease
imtensity in combination PggK g was 13.02 per cent and 14.10 per cent during the
vear 2003 and 2004 respectively. The highest discase intensity was recorded in
treatment PyKy which was 38.78 per cent and 39.34 per cent during 2003 and 2004,
respectively, lollowed by the discase intensity in treatment combinations ke
Pipky. PpKay and P3Ks,. respectively in both the years. These investigations

-
showed that a balanced combination of phosphorus and potassium helped in
minimizing the disease intensity. The present work is related with (the work done
by Adcbitan (1996) who also reported that application of phasphorus decrcased the

discuse.

Studies were conducted to {ind out the best bio-control agent as seed dresser
in the pot culture. AH the bio-agents were significantly superior in minimizing the
disease over control. Trichoderma viride was more effective in minimizing the
disease us it exhibited only 13 per cent disease incidence as compared to control
(55 per cent). Next effective bio-agents were 7T harzianum, T. virens and
Pseudomonas flourescens. The least effective bio-agents was Baciflus subtilis. The
present findings are similar with the results obtained by Gaikwad er al. {(2002) and

Ravi e al. (1999).

(69)



Studies were also conducted to [ind out the best bio-agents as soil
applicant in {ield experiment. Trichoderma viride. T. harzianum, T, virens and
Psewdomonas flowrescens were significantly superior in reducing the disease
Trichoderma viride was most effective in reducing the discase as it showed only
18.72 per cent and 19.38 per cent disease in both the years, respectively when

applied to the soil before sowing.

Present results are in accordance with the observations made by Ravi ef al.
(2000) who also reported that 7. viride and P. flourescens as soil applicants for
eflfective management of anthracnose of French bean. Adcbanjo and Bankole
(2004) obtained an eflective control of C. lindemuthianum of cowpea through bio-

agents like Trichoderma viride and Aspergilius niger.

B2 2003
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SUMMARY

Cowpea [ Vigna wunguiculata (1..) Walp.] which is also known as “lobia’, is
an 1mportant vegetable as well as pulse crop ot Indian subcontinent. Endowed with
several unique characteristics, cowpea tinds an important place ir the farming

system adopted by small. medium and large scale farmers in our country. [ts green
seeds and tender pods are used as vegetable, Since it is a leguminous crop. it
facilitates symbiotic nitrogen fixation in soil and restores soil fertility. Being a
crop of such immense value. cowpea needs cvery endeavour to obiain its belter
vicld per hectare. Among the major constraints Tor the low productivity ol this
crop. diseases of different origin are the main. It is in this context. the present
investigations were carried out to find out effective disease management strategics

for the management of anthracnose of cowpea.

During survey, it was found that most of the important varieties of coOwpea
were moderately Lo heavily infected with anthracnose caused by Collerorichium
lindemuthiconon . The disease is characterized by the appearance of minute,
circular to irregular spots. scattered on leaf lamina. These spots are light brown to
dark brown or reddish brown in colour. Initially these lesions remain separate but
later on coalesce to {orm large, necrotic, circular to rectangular spots on leaves
with shot hoeles, which may also cause defoliation. Small reddish brown lesions
also appear on petioles. Several light grey. water soaked, irregular lesions also
appear on stem and become rusty brown in advanced stage. On pods the symptom
appears as small. reddish brown blotches. which later become light brown to

grayish colour and later on, numerous acervuli are also produced on it.



To know the prevalence of the discase. survey was conducted in four
districts of U.P. It was found that crop suffered from the disease in varying
degrees. The disease intensily was as high as 43.80 per cent in Student's
Instructional Farm of the University during the crop season 2003 and 2604. In all
the districts surveved, the disease intensity was at its maximuin during the months

of July and September (2003 and 2004) when *environmental conditions were
Y p i

favourable.

To Study the morphological characters of the pathogen, it was isolated on
potato dextrose agar medium collected from four districts. It was observed that
mycelium of isolated fungus was branched, septate. hyaline but fater become
srayish bluck in colour. Acervulus swas globrous mecasuring 150-250 pm. dark
brown to grayish black in colour. Sctac were dark brown 10 black, 1-3 septate
measuring 30-100 x 4-9 pm in size and varying in numbers. The conidiophores
were hyvaline. short. erect, unbranched and arranged in definite layers on the
surface of stromatic tissues packed together measuring 10.5 — 16.5 x 2-3 pm. The
conidia were single celled, hyaline. oblong, cylindrical with rounded cnds or with

one cnd stightly pointed and measuring about 11-20 x 2.5-5.5 jum.

The qualitative as well as quantitative growth of the pathogen was observed
on eight different solid and liquid media being of natural, synthetic and semi
synthetic in nature. The maximum radial growth of the fungus was obtamned on
potato dextrosce agar medium followed by Richard’s agar medium while the icast
growth was obtained on host extract agar medium. The acervulus formation was
excellent on both the medium in which the vegetative growth was also good.
Maximum vegetative growth of the fungus was harvested in Potalo dextrose

medium. It also supports excellent development ol acervuli (sporulation).
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In studics. pertaining to the survival of the pathogen. it was observed that
the pathogen could survive through diseased plant debris for 7 months under
laboratory conditions and for 9 months under field conditions and was able to
cause infection in the next season grown crop. The pathogen could also survive in
seed cout. cotvledon and embryo of infected seed and hence carry the diseasce to
the next crop season. Like sceds and diseased plant debris. in tested soil also play a

kev role in survival of the pathogen in the form of acervuli.

Sceondary spread of the pathogen took place by means ol air bourne spores
(conidin). The acervuli formed on infected plant parts release conidia in abundance
and being minute in size. these conidia are propelled by air currents to new

milection oecurs.

Eflicacy of bio-agents like Trichoderma viride, T. harcianum, T. virens,
Psendomonas flourescens and Bacillus subrilis were  tested under laboratory
conditions against the pathogen. It was observed that all the bio-agents tested.
inhibited the growih of test fungus. However, T. viride exhibited the maximum
antagonistic  activity followed by T. harzianum. 1. virens, Pseudomonas

flourescens whereas least effective bio-agent was Bacillus subtilis.

Screening ol 80 varieties/ cultures ot cowpea was carried out under natural
conditions in two consecutive vears i.e. 2003 and 2004, The observation on discase
intensity revealed that none of the varieties; culiures  was found immune to
anthracnose [or the two consecutive years. Out of 80 varicties cultures screened so
far. 30 varicties  cultures were found resistant to moderately resistant. In the third
vear (2003), these 30 varicties! culiures were inoculated artiticialls . The varietios

cultures found consistenty resistant to the discase were ROV-T0 ROV =320, Sel. -



16. BCKV-2. Pusa Rituraj. M-278 and NP-1. These varieties/ cultures may be

further used in breeding programme against the present disease.

In the present time, cultural practices are the safest and cheapest tool of
management of the diseases where there is restriction in the use of chemicals as
thev are injurious to human health and hazardous to environment viz.. alternation
in date of sowing, soil pH. soil amendments. soil texture and different doses ol
phosphorus and potassium were evaluated 1o see their cftfect on discase intensity.

Dilferent dates of sowing ol the crop had a gremr impact on discase
occurrence. Minimum discase intensity was observed when the crop was sown in
tast week of July whereas it was increased when the crop was sown carly,

Six difTerent soil pll were tested. in which maximum discase intensity was
obscrved at soil pll 6.5 followed by 6.0 and minimum discasce ntensity was
observed at soil plH 7.5 and pll 8. High pll was not tavourable for growth of
cowpcea.

Manuagement of the discase by soil amendments revealed that minimum
discase incidence (13.46% and 14.58%) was recorded when soil was amended
with pyrite (20 tonnes/ha) in both the years.

Out of different soil tyvpes (textures) tested. discasce intensity varied {from
16.94 10 26.80 per cent in both the vears. [Towever, it was minimum (16.34% and
17.54%) in clav soil and maximum (26.22% and 27.39%%) 1in loam soil in both the
vears,

The etfect ot different doses ot phosphorus and  potassium on discase
mtensity revealed that highest discase intensity (38.78%0 & 39.54%0) was recorded

i treatnent Pok,, where phosphorus and potassiam were not applicd. Hlonwever.
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application of increasing doses of both phosphorus and potassium resulted In
decreasing incidence of the disease. The disease intensity was found the lowest
(13.02% for 2003 and 14.10% for 2004) when 60Kg of phosphorus was applied in

combination with 40kg of potassium per hectare.

Siudies on  the efficacy of bio-agents against  Collerowrichum
lindenmathianum as seed dresser and soil applicants showed that Triciioderma

viride was most effective in both the experiments.
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ABSTRACT

Cowpea is used as vegetable as well as pulse crop in Indian subcontinent.
Among the major constraints responsible for low productivity, diseases are the
main and Anthracnose is one of them. During survey. it was found that most of
thc cowpea varicties/cultures were infected with the disease, under study. Disease
appears as minute, circular to irregular spots on leaf lamina brown in colour.
which later spread on petioles, twigs and pods. Maximum disease intensity was
43 80% al Students Instructional Farm in both the ycars in the month of July to
September. Mycelium of the fungus was branched. septate. hyline which later
becomes grayish black in colour. Acervuli globours. 150-250p m in size: sctae
[-3 septate. 30-100 x4 =9 nm in size. Conidiophore arranged in defnite layers and
10.5-16.5 x 2-3 um in size and conidia are single celled, hyline with rounded ends
and 11-20 X 2.5- 5.5 um in size. Maximum vegetative growth of the fungus was
observed both in solid and liguid Potato dextrose medium. Pathgoen could survive
through diseased plant debris for 7-month under laboratory conditions and
9-month in ficld conditions. The disease is internally as well as externally seed
borne. Sceondary spread of pathogen took place by means ol conidia. Among the
bio-agents tested against fungus. 7. viride exhibited maximum antagonistic elfect
cowpea varicties/cultures. Like RCV-7. RCV-326. Sel-16. BCKV-2. Pusa Rituraj.
M-278 & NP-7 were resistant against the disease. In late sown crop (Last week ol
July) the disease. intensity was low in comparison to carly sown second week of
June crop. Maximum disease intensity was observed in acidic soil at ptl 6.5 while
‘discase intensity was low in alkaline soil at pH 7.5 and 8.0. Minimum disease
intensity was recorded when pyrite was applied @ 20 tonnes/ ha. In clay soil the
disease intensity was low (16.34 and 17.54) while in loam soit it was found
maximum (26.22 and 27.39). Application of higher dose of phosphorus and
polash reduced the disease incidence. The formulation ol Trichioderma viride was

found best as seed dresser as well as soil applicants.
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APPENDICES

ANOVA TABLE OF DIFFERENT EXPERIMENTS

Appendix 1;:

Qualitative growth

Source of D.F, T.8.S M.S8.S F. Value
variation
T 7 1741.081 248.725 31.09
oAy | 16 | 128.000 8000
Total 23 1869.082 81.264
Appendix 2: Quantitative Growth -
Source of D.F. | T.S.S M.S.S F. Valuc
variation
T 7 80987.625 11569.660 428 351
Error (A) L6 432.000 27.000
Total 23 81419.625 3539.983 |
Appendix 3: Bio-agents in vitro:
Source of D.F. T.8.8 M.S.S F. Valuce
variation
T 3 7902.335 15380.471 86.35
Error (A) 12 183.038 [5.253
Total 17 8133.042 £78.414




Appendix 4: Date of sowing -2003

| Source of D.F. T.S.$ M.S.S F. Value
variation
Replicates 2 3.784 1.892 0.57
T 3 76.379 25.459 7.71
Iirror (A) 6 19.804 3.300
Total 1] 99.969 9.088
Appendix 5: Date of sowing -2004
Source of D.F, T.S.S M.S.S F. Value
variation
Replicates 2 4.147 2.073 0.68
T 3 - 95456 31.818 10.40
Error (A) 6 18.359 3.039
Total 1 117963 10.723
Appendix 6: Soil pH -2003
Source of D.F. T.8.S M.S.S F. Value
variation
Replicates 2 5.155 2.577 .57
T 6 288.849 48.141 2924
Error (A) 12 19.756 1.646
Total 20 313.761 15.688




Appendix 7: Soil pH -2004

Source of D.F. T.8.85 ML.S.S F. Value
variation
Replicates 2 2.736 [.368 0.71
T 6 299.020 49 836 25.83
Error (A) 12 23 148 1.929 _
Total 20 324904 16245
Appendix 8: Soil amendments - 2003
Source o-f D.F. T.S.Siii M.S.S F. Value :
variation
Replicates 2 3.137 1.568 .83
T » 7 590.648 84.378 44.90
Lirror (A} 14 26.311 1.879
Total 23 620.097 26.960
Appendix 9: Soil amendments -2004
Source of D.F. T.8.8 M.S8.8 F. Value
variation
Replicales 2 3.640 1.820 0.73
T 7 564.297 80.613 3232
Error (A) 14 34915 2.493
Total 23 602.852 26.210




Appendix 10: Soil type -2003

Source of D.F. T.S.S M.S.S F. Value
variation
Replicates 2 6.617 3.323 1.66
T 3 88.076 29358 14.65
Error (A) 6 12.025 2.004 -
Total 11 106.749 9.704

Appendix 11: Soil type -2004
Source of D.F, T.S.S M.S.S F. Value T
variation
Replicates 2 4.308 2.154 .03
T 3 81.938 27312 13.25
Error {A) 6 12.364 2.060

Towt | 11 | 98.012 8.964

Appendix 12: Phosphorus and pofassium -2003
Source of D.F. T.8.8 M.S.S F. Value
variation
Replicates 2 3.442 1.721 0.95
P 2 298.575 149,287 82.35
K 2 301.619 150.809 3.19
PK 4 106.410 26.602 14,68
Error (B) 16 29.004 1.812
Total 26 739.051 28.425




Appendix 13: Phosphorus and potassium -2004

T.S.8

Source of D.F. M.S.S
variation
Replicates 2 5.843 2.921 0.98
I 2 286.237 143.118 48.01
K. 2 272.284 136.142 .| 4567
PK 4 98.010 24.502 8.22
Error (B) 16 37.697 2.981
Total 2 | 710.073 27310
Appendix 14: Bio-agents as seed dresser
Source of D.F T.8.8 M.S.S F. Value
variation
Replicates 2 7.569055 3.784528 0.74
T s ] 1389366482 277.873296 | 54.00
Lrror (A) 10 51.455189 5145519
Total 17 1448.390747 85.199456 J
Appendix 15: Bio-agents as soil applicant -2003
Source of D.F. T.8.8S M.S8.S F. Value
variation
Replicates 2 7.461 3.730 1.29
T 4 235.758 63.939 22.10
Error (A) 8 23.149 2.893
Total 14 286.369 20.454




Appendix 16: Bio-agents as soil applicant -2004

i Source of | D.F. T.8.8 M.S.S F. Value

variation

Replicates 2| 4.243 2.121 .15

_ | _ _ -
T 4 788.484 72.121 39.04
O F T S
| Brror (A) . 14.780 | [.847
!
I'otal 14 307.508 21.964
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