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ABSTRACT

The dual culture of Coriandrum sativum infected by Protomyces macrosporus, raised on MS
medium (Murashige and Skoog 1962) supplemented with NAA (8.0mg/l), kinetin(0.5mg/l) and
2,4-D(2.0mg/l) with ascorbic acid (2.0mg/l) and biotin (2.0mg/l) as additives yielded cottony

growth of the fungus on the callus. Microscopic examination of 5 day old dual culture revealed
profuse coenocytic, branched and intercalary mycelium.In 15-20 day old septate mycelium
,multinucleate cells were present,even turning in to thick walled resting chlamydospores ,which

germinated to form synascus containing ascospores.
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Introduction

Coriander (Coriandrum sativum L.) is one of the earliest spices known to mankind. It is

cultivated in the field for green leaves and dry fruits used as a condiment. The plant belongs to the
family Umbelliferae. The crop is raised in relatively lower atmospheric temperature conditions
(22°C).
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Coriander plants suffer from severe stem gall disease caused by the fungus Protomyces
macrosporus. The disease is reported from several parts of India .A preliminary survey has shown
that more than 50% loss in yield occurs due to this disease in Kota, Bharatpur, Dholpur, Sawai
Madhopur and adjoining areas in Rajasthan. The disease appears in the form of tumour like
swellings on stem ,leaf ,peduncle ,flowers and fruits(Plate:1,2,3,4). In instances of infection in
inflorescence seed grain production is drastically reduced causing colossal loss to the crop.
Severely infected plants loss their vigour and are deformed in their vegetative and reproductive
growth forms. Infection occurs during January to March, when winter rains occur and foggy
conditions prevail in the atmosphere. The disease appears in cold and humid conditions in the
field.

Several aspects like epidemiology, histopathology, biochemistry and control of coriander
gall caused by P.macrosporus have been studied (Mukhopadhyay and Pavgi 1971,Pavgi and
Mukhopadhyay 1972,Gupta 1973, Tayal etal.1981,Goel etal.1983).Singh etal.1984 conducted
survey of coriander fields in seven districts of Uttar Pradesh and reported disease intensity ranged
between 7.5 to 24.4%.Paul 1992made a survey of coriander field in three districts of Himachal
Pradesh, he also tested eight fungicides in different combinations as seed dresser against stem gall
disease.Jain etal. 1994 recorded an increase in total soluble sugars and alpha amylase activity in
galled tissues both in vivo and in vitro. Tripathi 1998 worked on stem gall management through
soil treatment. Lakra 1999 and 2000 found best management of stem gall disease when seeds were
treated with thiram@4gm/kgseeds. Masood etal.2004, Sharma and Sharma 2004 and Singhania
etal.2006 also worked on occurence of the disease and its effect on seed production. Mishra
etal.2017 worked on biochemical changes in coriander due to stem gall disease .However very

little is known regarding the mode of infection and nature of infection and nature of its recurrence.

Present investigation deals with the successful establishment of dual culture of the fungus

in association with the host callus and time related morphological studies of the fungus.

Dual cultures have been used frequently in plant pathology for growth of biotrophic fungi and in
vitro expression of disease resistance. Arya and Shekhawat 1981 established dual culture of
Sclerospora graminicola on pearl millet tissues in vitro. Kant and Goyal 1990 established
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biotrophic culture of Albugo candida on Brassica in vitro. Diop etal .1994 also worked on dual
and axenic culture of mycorrhizal fungi. Dguen Zhou 2001and Dodds 2010 worked on host
specificity of biotrophic fungi in vitro. Morkus etal. 2011 conducted experiments on role of
effectors of biotrophic fungi in infection.Katarzyna 2013 worked on dual cultures in vitro to
evaluate pathogeicity of fungi. Deepak etal .2014 successfully established dual culture of
Alternaria burnsii on cummin callus in vitro. Kabori etal. 2015 worked on growth of fungi in
liquid culture.Abbas etal.2017 also conducted experiments on growth of fungi in vitro. However
no studies have been published on dual culture of Protomyces on Coriander.

Materials and Methods

Establisment of dual culture: The stem explant of hypertrophied (galled) plant of C.

Sativum were cut in to small (2-3mm) discs. These discs were surface sterilised with 0.1%
HgCl2 for 2 min.,followed by repeated washings with sterile ditilled water. These were then
placed aseptically on MS medium supplemented with NAA (8.0 mg/l ), kinetin (0.5 mg/l ), and
2,4-D (2.0 mg/l'). The cultures were regularly subcultured on the same medium with ascobic acid
(2.0 mg/l') and biotin ( 2.0mg/l ) as additives for good fungal growth. 80-100 mg fresh weight of
the callus containing small amount of the fungus was used as the inoculum on modified MS
medium in every subculture. All the cultures were maintained in dark at 22*c temperature,70 %
humidity and 6.8 Ph. The fungus from the dual culture was examined microscopically at
different intervals during its growth period.

Results and Discussion

The callus appeared with in 15-20 days . The colour and texture of the fungus was light
yellow and fragile (Plate 5). Cottony growth of the fungus was observed on its surface.With in
15 days the callus grew from 100 mg to 250 mg by fresh weight and the fungus covered most of
its surface. The callus grew further and the fungus covered entire surface of the callus and

descended on the surface of the culture medium (Plate 6).

Characteristics of the funqus:

Fungus grown on the surface of the callus was cottony white and compact . The mycelium was
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intercellular , coenocytic , septate , and branched . After 15 — 20 days of the culture ,visible
thickenings appeared on the cell walls along the septation . This resulted in the development of
resting spores , the chlamydospores (Plate 7 ) . Chlamydospores were dark brown , spherical
smooth walled and measured 40 — 60 microns in diameter .They germinated with the endospores
passing through the exospore and formed an elongated more or less cylindrical vesicle leading to
development of a dome shaped sac (Plate 8 ) . The nuclei inside the the sac undergo meiosis
followed by second mitosis and developed in to a synascus which is naked without wall . Each
synascus contained large number of haploid asci . Two ascospores fuse prior to germination and
germinate afterwards to form diploid mycelium (Plate 8 ). These observations were also made by
earlier workers in situ (Fitzapatrick 1930,Gauman 1952 , and Martin 1961 ).Sanchez etal. 2007
and Pankaj Trivedi 2008 evaluate the antagonistic properties of fungi in vitro . Engh | 2010
Studied in vitro cellular development of Sordaria macrospora . Gerphagon etal.2013 did some
experiments on fungal parasitism in vitro. Timothy etal. 2014 studied effect of cow urine on the
growth of Fusarium lateritium in vitro. Newcombe G etal.2016 studied life cycle of some dung

fungi in vitro.

Information gained from the present studies will help in selecting disease resistant cell
lines from dual cultures The whole life cycle of the fungus can be studied from dual culture

.Such findings may help to suggest control of the disease.

References

Abbas A., Jiang D. and Fuy. 2017. Trichoderma spp. as antagonist of Rhizoctonia solani .
Journal of plant pathol microbiol 8 : 402 .

Arya H. C. And N. S. Shekhawat. 1981. Dual culture of Sclerospora graminicola (Sacc)
Schroet causing green ear of pearl millet Proc.XIll  Inter Bot Congress Sydney pp 157 .

Deepak , Parmeshwar Lal Saran and Ravish Choudhary. 2014. Regeneration of cumin (Cuminum
cyminum) plants from callus and establishment of dual culture of host and parasite (Alternaria
burnsii ) African Journal of Microbiology Research vol 8 (43) pp 3695 — 3701 .

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 121



Diop T.A., C. Plenchette , D.G. Strullu. 1994. Dual axenic culture of sheared root inocula of
vasicular arbuscular mycorrhizal fungi associated with tomato roots Mycorrhiza Vol. 5 issue 1
pp 17 — 22.

Dodds P. N. , Rathjen J. P. 2010. Plant Immunity : towards an integrated view of plant pathogen

interactions . Nature Rev Genetics 11 ; 539 — 548.

Dequn Zhou , Kevin D Hyde. 2001. Host specifity ,host exclusitivity and host recurrence in

saprobic fungi Mycological research vol. 105 issue 12 pp 1449 — 1457.

Engh I, Nowrousian, M., Kuck U 2010. Sordaria macrospora , a model organism to study fungal

cellular development . European Journal of Cell Biology . 89 : 864 — 874 .
Fitzapatrick H M. 1930. The lower fungi phycomycetes : XI — 331pp McGraw Hill , New York .

Gauman E A 1952. The Fungi (English translation by F L Wynd ) 420 pp Hafner Publ Co, New
York .

Gerphagon M. , Latour D , Colombet J. ,Sime Ngando T 2013. Fungal parasitism : Life Cycle ,
Dynamics and impact on Cyanobacterial blooms Plo-S ONE 8 (4) : e 60894 doi : 10 ,1371 /
Journal . pone . 0060894 .

Goel, A K, S Kumar, M S Tayal. 1983. Biochemial alteration induced in Coriandrum sativum

L. by Protomyces macrosporus Onger Indian Botanical Reporter 2 (1) 62 — 64 .

Gupta R N. 1973. Longetivity of chlamydospores of Coriander gall fungus Indian Phytopath,
26: 581 -582 .

Jain Smita, Shrivastava Archana, and U. Kant. 1994. Changes in carbohydrate content and
hydrolysing enzymes in stem gall of Coriandrum sativum L. Caused by Protomyces

macrosporus in vivo and in vitro . J. Phytological res. 7 : 2 161 — 162 .

Kabori, N N, Mascarin, G M, Jackson, M A, Schisler, D A. 2015 Liquid culture production of
microsclerotia and submerged conidia by Trichoderma harzianum active against damping off

disease caused by Rhizoctonia solani . Fungal Biol .119 : 179 — 190 .

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 122



Kant, U and B Goyal. 1990. Biotrophic culture of Albugo candida on Brassica in vitro VII

International congress on plant tissue and cell culture . 24 — 29 june Amsterdam .

Katarzyna Nawrot. 2013. The use of interactions in dual cultures in vitro to evaluate the
pathogenicity of fungi and susceptibility of host plant genotypes Chapter 12 — Biochemistry ,
Genetics , and Molecular Biology Book edited by Marian Petre . 1 S B N 978 — 953 —51- 0972
-3.

Lakra , B. S. 1999. Assesment of losses due to stem gall of Coriander PI. Dis. Res. 14 (1) : 85 —
87.

Lakra , B. S. 2000. Management of stem gall of Coriander (Coriandrum sativum) infected by

Protomyces macrospores. Indian J. Agric. Sci. 70 (5) : 338 — 340..

Martin, G W. 1961. The families of fungi, pp 497 — 519, In G C Ainsworth. Dictionary of the

fungi Common wealth Mycological Institute, Kew Surrey .

Masood A ., Sayed Asgha H. ,Mohammad Z. And Abdul R. 2004. Effect of different sowing
seasons and row spacing on seed production of fennel ( Foeniculum vulgare ) J. Bio. Sci. 79
(7) : 1144 -1147 .

Mishra R S, Kumar S, Pandey V P and Pathak S P 2017. Effect of stem gall disease caused by
Protomyces macrosporus on biochemical changes in Coriander Int. J. Pure App Bio Sci. 5 (2) :
690 — 699 .

Morkus Koeck ,Adrienne R. Hardham ,and Peter N. Dodds 2011. The role of effectors of
biotrophic and hemibiotrophic fungi in infection 13 (12) : 1849 — 1857

Mukhopadhyay A N and N S Pavgi  1971. Environment in relation to infection of Coriander by
Protomyces macrosporus onger Ann Phytopath Soc. Japan 37 (3) 215 -219 .

Newcombe G., Campbell J. Grifith, D., Bayness, M., Launch baugh K. and Pandleton R., 2016.
Revisiting the life cycle of dung fungi , including Sordaria fimicola . PloS one : 11(2) :
e0147425 doi 10 : 1371/ Journal pone .0147427 .

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 123



Pankaj Trivedi , Lok Man and S. Palni 2008 In vitro evaluation of antagonistic properties of

Pseudomonas corengata Microbiological Research vol.163 issue 3 pp 329 -336 .

Paul, Y. S. 1992 Studies on seed borne mycoflora of coriander with special reference to stem gall
in Himachal Pradesh PI. Dis. Res.7: 19 — 23 .

Pavgi M S and A N Mukhopadhyay 1972 Development of coriander fruit infected by
Protomyces macrosporus Onger Cytologies 37(4) 619 — 627 .

Sanchez Marquez S., Bill G. F. ,Zabalgogeazcoa I. 2007 The endophytic mycobiota of the grass
Dactylis glomerata Fungal Diversity 27 : 171 — 195 .

Sharma M. M. and Sharma R. K. 2004. Coriander in handbook of herbs and spices vol 2 (ed.)
Peter K. V. Woodhead Pub.Ltd., Abington Hall , Abington Cambridge CBI 6 AH England pp
145 - 161 .

Singh S.P., Gupta J.S. and Sharma A. K. 1984. Disease appraisal and crop loss estimates in

coriander attacked by Protomyces macrosporus Onger in UttarPradesh Geobios 11: 276 -78 .

Singhania D. L. , Singh D. and Raje R. S. 2006. Coriander , Advances in spices and

achievements of spices research in India . In : Ravindran P.R.,Babu K.V.and Kallupurackal(eds.)

Tayal M.S., S. Kumar, A. K. Goel and D.K.Maheshwari, 1981. Role of IAA oxidase, o-
dihydroxy phenols, polyphenol oxidase and peroxidase in stem gall disease of Coriandrum
sativum L. Curr. Sci. 50 785 — 786 .

Timothy Gotara , Lawrence Masaka and Marvelous Sungirae. 2014. Effect of cow urine on
growth characteristics of Fusarium lateritium,an important coffee fungus in Zimbabwe, Int. Jr.
Of Agronomy Article I. D. 986068.

Tripathi A. K. 1998. Studies on some aspect of stem gall disease of coriander (Coriandrum

sativum L.) caused by Protomyces macrosporus Ung.M.Sc. (Ag.) Thesis J.N.K.V.V.Jabalpur.

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 124



PLATE1

Coriander plants showing infection of P. macrosporus

(various stages of gall development)
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PLATE 2

Galled leaf of Coriandrum sativum
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PLATE 3

(A) Normal (B, C) Galled flowers of Coriandrum sativum
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PLATE 4

(A)Normal (B,C)Galled fruits of Coriandrum sativum
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PLATES

(A-C)Normal and gall callus cultures of Coriandrum sativum

nc = normal callus gc = gall callus

© Associated Asia Research  Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 129



PLATE 6

(A-D)Dual culture of Protomyces macrosporus and Coriandrum sativum
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PLATE 7
Fungal mycelium of Protomyces macrosporus from dual culture.

Fm-fungal mycelium Cd-chlamydospores
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PLATE 8

A : Chlamydospores of P.macrosporus*1500

B : Germinating Chlamydospores with vesicle and dome
Shaped sac*1500

C : Synascus with asci*150

D : Germinating ascopores*150
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