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More than 69 witches’ broom like diseases have been reported from different countries
including India. In West Bengal, 7 witches” broom and little leaf diseases are commonly
found. Apparent biological dlversities between some of the pathogens of these diseases
could be found following dodder transmission, tetracycline sensitivity and tetrazolium
sensitivity tests. Sophisticated methods including serodiagnostic, electron microscopy and
culturing techniques are necessary for established the precise biological diversity of the

pathogens associated with such unigue diseases,
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INTRODUCTION

Witches’ broom is a common English word which denotes a typical syndrome
of growth abnormalities expressed in the form of a typical broom. This
syndrome in a plant was first observed by Rutgers in 1913. He recorded
the transformation of groundénut plants into witches’ brooms. Similar syndrome
was recorded by Tubeuf in 1919, who found the development of such syndrome
in conifers due to the parasitization by dwarf mistletoes. Stewart ( 1924 )
described a witches’ broom disease of Shagback hickory plant caused by a
fungus Mirostroma juglandis (Berens). Sacc. Hengerford and Dana (1924) recorded
the same syndrome in potato. Subsequently witches’ broom syndromes in plants
belonging to widely different families h&e been recorded from time to time
by different workers in different countries without having much informations
on the nature of the cusal agents of these syndromes (Martyn, 1963 ; Ganguly,
1986). After the discovery of the association of mycoplasma-like organisms with
the witches’ broom like diseases by Ddi efal. (1967), Ishiie er al ( 1967 ),
and Nasu er al. (1967), a large number of similar diseases were reinvestigated
and the association of mycoplasma-like organisms in these diseases were
confirmed (Ploaie, 1981). Studies made so far on witches’ broom diseases of
plants indicate that most of them are associated with mycoplasma like organisms.
Thus similar symptoms are produced by a group of organisms in different plants
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belonging to widely diﬁ‘e‘ent families. The biological diversity of thcse organism
which infect widely different plants needs to be established. In this paper, a
comparative assessment of the witches’ broom like diseases found particularly in
West Bengal has been made to facilitate the understanding of the biological

diversity of mycoplasma-like diseases.
< s

WITCHES' BROOM-LIKE DISEASES

More than 69 witches’ broom like diseases have been reported from India and
abroad by 1983 (Appendix I). Amongst these, more than 22 diseases have been
reported from India (Table 1). All produce either broom-like or little-leaf
symptoms

Table 1. Common witches’ broom type diseases found in West Bengal.

Name of the disease Host plant Remarks

Brinjal little leaf Sol/anum melongena Common in brinjal field
vatura little leaf Datura sp. Common

Jatropa little leaf Jatropa sp. Common

Witches' broom of tuna Cedrela tuna Occassional

Witches’ broom of Jujuba Zizyphus sp. Occassional

Witches’ broom of potato Solanum tuberosum Rare

Little Leaf of Solanum Solanum indicum Common

Ganguly (1986) made a survey on the incidence of witches’ broom like diseases
in West Bengal (Table 2). During the visits, two witches’ broom like discases
were found in the field crops, potato and brinjal egg plant, Solanum melongenc).
Brinjal little leaf disease has been very common all over the state, whereas potato
witches’ broom has been found only occassionally in potato fields. Three very
common disease were found in the perennial weeds viz., Datura, Jatropa and
Solanum. In addition, one disease was observed in a timber plant, Cedrela, and
another has been recorded on wild Ber plant ( Zizyphus sp).

DIVERSITIES OF WITCHES' BROOM LIKE DISEASES.

The symptoms of witches’ broom-like diseases which are found in West Bengal
can be categorized into two groups, typical witches’ brocm and little-leaf. In
the witches’ broom disease apical dominance is completely lost and excessive
aggregation of extremely reduced branchlets occur. The leaves in these cases
become very ruddmentary and complete virescens takes place. In cgse of little-
leaf disease the suppression of apical dominance occurs to a lesser extent with
aggregation of branchlets changes, the leaves become very much reduced in size
and partial virescence takes place (Table 2). Further diversities became apparent
from transmission and detection studies.
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Transmission

Witches’ broom-like diseases are usually graft transmissible. Several of them
may also be transmitted by vectors and dodders. An attempt was made to
transfer the pathogens of brinjal little leaf, Jatropa little-leaf and Datura little-leaf
to different host plants using dodders. The host ¥plants grown in pots were
arranged in a circular way around the source plants under insect proof conditions.
Dodders, fixed on the source plants were then simultaneously rolled around
the test plants Seedlings of brinjal, Jatropa, Datura, potato, chilli and tomato
were used as test plants for brinjal little-leaf ; brinjal, Datura and Jatropa were
used as test plants for Jatropa little-leaf and Datura little-leaf The plants
were kept under observation for 60 days. It was found that the brinjal
little-leaf pathogen could be transferred to brinjal and chilli, whereas Jatropa
and Datura little-leaf could be transferred only to Jarropa and Datura respectively
within 30 to 41 days after the placement of the dodders from the source plants
to the test plants. From these results, it was concluded that the little-leaf pathogens
of brinjal, Jatropa and Datura are not the same.

Detection

Mycoplasma-like pathogens can usually be detected by several simple or more
sophisticated techniques. Tetracycline sensitivity and various staining techniques,

| particularly Dines’ strain (Deeley er al.. 1979), are often used for routine detection

of mycoplasma like diseases. In a sophisticated way the mycoplasma like pathogens
are detected by using serological techniques and electron microscopic methods.
To detect the mycoplasmal pathogens of witches’ broom-like diseases in West
Bengal, a few simple tests were performed including tetracycline sensitivity and
2-3-5 tertrazolium reaction.

Tetracycline sensitivity

The tetracycline sensitivity test was performed with brinjal little-leaf, Jatropa
little-leaf, and Datura little-leaf. Tetracycline hydrochloride was used at a
concentration of 1000 ppm. Four sprays were applied to the diseased plants at
an interval of 10 days for a period of 40 days. The treated plants were kept
under observation for 60 days. 1In case of brinjal 809 of treated plants showed
recovery within 46 days. In case of Datura 7% plants showed recovery within
40 days whereas no recovery could be found in Jatropa plants. Thus the
differential sensitivity to tetracycline again may be an indicator for the biological
diversity of the mycoplasma-like pathogens.

Temporary remission of mycoplasma-like diseases with tetracycline has been
reported by different workers (Appendix- 1I) but degree of comparative sensitivity
of such reactions are not available for the differentiation of the pathogens.
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Tetrazolium sensitivity §

To perform the tetrazolium sensitivity test, 0192 3-5 triphenyl tetrazolium
chloride in 0.05 M phosphate buffer at pH 7.8 was used. Equal volumes of the
reagent and the sap from the healthy and diseased plants were mixed thoroughly
and kept for 24 h for colour development. Positive reactions were found
with respect to Datura little-leaf and Zizyphus witches’ broom and the reaction
appeared to be negative with respect to Jatropa little-leaf. Thus tetrazolium
sensitivity may also have some implications Yor differentiating the biological
diversity of the mycoplasma-like pathogen. Staining (Dienes’ strain) and chro-
matographic detection, fluorescent microscopy, sero-diagnostic techniques and
electron microscopy, could perhaps provide more precise informations on the
biological diversity of the causative pathogens.

Morphological and cultural features

Ploaie 1981 ) differentiated mycoplasma-like organisms ( MLO ) into 6 categories
on the basis of their morphology. The first group contains very small particles
measuring 50-100 nm in diameter which stain heavily and are highly electron
opaque. The second group contains particles 100-300 nm in diameter, spherical
or oval in shape with visible unit membrane. The particle diameter of the third
group is 400 nm-1 pm which are ovoid bodies with electron dense areas with
nuclear like and not like structure and ribosomes. The fourth growp contains
filaments or segmented filaments of 1-2 pum long and 0.08 0.03 pm wide. The
fifth group cantains irregular large bodies which comprises of 2-3 cells ona
common support and the sixth group is composed of large cells having dense
inclusions or numerous buds on their surface. Hirumi and Maramorosch ( 1970 )
demonstrated that all these categories can be observed when more than 2000 thin
sections from a single Nicotiana rustica plant, infected with a single MLO pathogen
( aster yellows ) were studied. Thus electron microscopy can not be used to
distinguish different MLO agents. .

The most reliable method for establishing biological diversity of mycoplasma-like
pathogens would be by culturing the organisms and by physiological, chemical
and biological characterization of the cultural organisms. Until now, it has not
been possible to culture any of the plant pathogenic MLOs, and only spiroplasmas
have been cultured successfully. Improvement of technology and standardization
of methodologies are necessary for culturing and characteriz ng the MLO pathogens
and for appropriate understanding of the biological diversities and specialities of
these unique pathogens.

DISCUSSION P

Witches' broom like diseases of plants are often associated with mycoplasma-like
pathogens. The diseases are usually denoted by English common names of genetic

IS
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names of the plant in Latin and the word witches’ broom or a wood to specify
the allied symptoms. These diseases are mostly referred to as MLOs diseases,
based on tetracycline sensitivity tests, staining reactions or electron microscopic
observations. The wide range of hosts of these diseases suggest their biological
diversity. In a preliminary study made with four witches’ broom and little-leaf
diseases which commonly occur in West Bengal, using dodder transmission,
tetracycline and tetrazolium sensitivity tests, indications have been obtained of
their biological diversities. Electron microscopic studies of other mycoplasmal
diseases have been made, but such studies could hardly differentiate the pathogens.
No other information is available on the differential characteristics of different
witches’ broom or mycoplasmal pathogens.gq It may be that the same pathogen
may affect different hosts. Further research is required to characterize the different

witches’ broom or mycoeplasmal pathogens.

ACKNOWLEDGEMENTS

The authors are indebted to the Indian Council of Agricultural Research, New
Delhi, for providing a Junior Research Fellowship to the first author.

REFERENCES

Ahlawat et al,, (1983). Witches’ broom disease of Butterfly flower (Schizanthus wisetonensis),
Curr. Sci. 52 : 365-368.

Amin. P. W, and Jensen, D. D.(1971). Effects of Tetracycline on the transmission and
pathogenicity of the western X disease agent in its insect and plant host.
Phytopathology, 61 : 696-702.

Anjaneyulu, A, and Ramkrishnan, K. (1969). Therapy of Egg plant little leaf disease. Curr.
Sci. 38 : 271-272.

Anjaneyulu, A. and Ramkrishnan, K. (1972). Chemotherapy of egg plant little leaf disease.
Mys. J. Agric. Sci. 6 : 135-146.

Asuyama, H. and lida, T. T. (1973). Effects of tetracycline compounds on plant diseases
caused by MLO. Ann. New York. Acad. Sci. 225 : 509-521,

Bowyer, J. W. anp Atherton, J. G. (1972). Effect of tetracycline antibiotics on plants
affected by Legume little leaf disease. Auwst J. Biol. Sci. 25 : 43-51.

Bowyer, J. W. and Calavan, E. C. (1974). Antibiotic sensitivity of MLO. associated with citrus
stubborn disease. Phytopathology, 64 : 346-349.

Bremer, K. (1981). Witches, broom disease of Aretostaphylcs and Vaccinium sp. in Finland,
Annals. Agric. Finniae. 20 : 189-191,

Break, G., Kralik, O., Limberk, J. and Ulrychova, M. (1969). MLO in plants infected with
potato witches” broom diseases and the response of plants to tetracycline treatment.
Biologia Plantarum, 11 : 470-476,

Calle, H.; Cook, A.A.; andFernando, S. Y. 7982. Histology of witches’ broom caused

in Cocao. Phytopathology. 72 : 1479-1481.




y On the Witches Broom Diseases 137

‘cham, Z., Sheng, C., Pheng, C., Zheng, G., Chen, H,, Li,J., Xu,R. (1982). An electron
microscopic study on the pathogen of the witches’ broom diseases of several green
manuring crops in Hainan Island. Acta Phytopathologica Sinica. 12 :23-26,

Chiykowski, L. N. (1972). Effect of three tgtracyclines and their method of application on the
development of clover phyllody and Aster yellows symptom in Aster. Can.J. Pl. Sci.
52: 29-33.

Chiykowski, L. N. (1973). Effectiveness of antibiotics applied as post inoculation sprays
against clover phyllody and Aster yellows. Can.J. Pl. Sci. 53:87-91.

Chiu, R. J., Tsai, M. Y. and Hugng C. H. (197@ Distribl‘ion and retention of tetracycline
in healthy and Likubin affected citrus trees following trunk tranfusion. Proc. Roc.
US Cooperatine Sci. Seminar on Myco. Diseases of plants 1978. p. 143-52, Taipei.
Nat. Sci. Con.

Crowe, F, T. (1983). Witches® broom of Rose, A new out break in several Central Status
(USA). Plant. Dis. 67:544-546

Davis, R. E. Whitcomb, R. F. and Streere, R. L. (1958). Remission of aster yellows disease
by antibiotics. Science. 141: 793-795,

Deeley, Y., Stevens W. A. and Fox, R.T. V. (1979). Use of Dienes’ Stain to detect plant
diseases induced by Mycoplasmas. Phytopathology. 69:1169-1171,

Delay, C. and Darmanaden, J. (1947). Nouvelles observations surles organism de type
Mycoplasme onoies a la frome Horticole "minor” d' opun Ha subulata action du
chlorhydrate de tetracycline. Anoales des Sciences Natwelles Botanigue et Biologic
Vegetable. 12 :275-300.

Dhingra, K. L., and Chenulu, V. V. (1983). Symptomatology and transmission of witches’
broom diseases of soyabean in India. Curr. Sci. 52:603-604.

Dias, H. F. (1963), Host range and properties of Grapevine fan leaf and Gragevine yellow
mosaic virus. Ann. appl/ Biol. 51 :85-95.

Dianne, P.H. and Converse (1971). Temporary Symptom remission of strawberry lune
yellows and witches’ broom by use of Oxytetacycline. Phytopathology.
61:1137-1139.

Doi, Y., Teranaka, M., Yora, K. and Asuyama, N. (1967). Mycoplasma or PLT group-like
microorganisms found in the phloem elements of plants infected with mulberry dwarf,
potato with witches' broom, aster yellows or paw lownia witches’ broom. Ann.
Phytopathol. Soc. Japan. 33 :257-266.

Dubek, M., Zawadzka, B. and Burkovicz, A. (1977). The use of oxytetracycline in control of
apple proliferation disease. Proc. of symposium held at the Hungarian Acad of Sci.
405-413.

Edwards, E. T, (1935). The witches” broom diseasee of Lucerne. Sci. Bull. Dept. Agric.
NS W 4£:31.

Elmsndorf E. (1977 ). Newly discovered prokaryotic plant pathogens. A bibliography.
R 2901 Res. bull. Coll Agric. pp. 1-85. Univ. Wisconsin. Madison.

Ghosh, S. K., Raychoudhury, S. P., Asha Sang and Verma, A, ( 1975). Witches' broom
malady of Mirabilis jalapa. Sci. & Cult. 41 : 334-335.

=

Y



138 U. Ganguly & S. Mukhopadhyay

Ghosh, S. K., Srimathi, R. A, and Raychaudhuri, S.P. (1977). A new graft transmissible
disease of Allamanda cathartica Linn, from India. Sci. & Cult. 43 : 495-496, &

Hadiwijaja, T. (1952). The curl or witches’ broom disease of Crotalaria. Tijdschr. Piziekt. § h
58:1-4. P

Hungerford, C. W. and Dana, B.F. (1924). Witches’ broom of potatoes in the N-west.
Phytopathology. 14: 372,

Hunt, P., {Dabek, A.J. and Schuiling, M. (1974). Remission of symptoms following tetra-
cyclin treatment of lethal yellowing infected coconut palms. Phytopathology. 64 :
307-312.

Igwegbe, E. C. K. and Calavan, E. C. (1973). Effect of tetracycline antibiotics on symptom
development of stubborn disease and infections. Vareagation of citrus seedlings.
Phytopathology. 63:1044-1048,

Ishiie, T., Doi, Y., Yora, K. and Asuyama, H. (1967). Suppressive effect of antibiotics of
Tetracycllne group on symptom development of Mulbeny dwarf disease. Ann.

Phytopathol. Soc. Japan 33 : 267-275. N

Karunakaran, P., and Nair, M. C. (1880). Little leaf disease of clove in India. Agril. Res. Jr. of
Kerela. 1:134.

Kitajima, E. M., Robbs, C. F., Kimura, 0., and Wanderlly L. G. ( 1981). Witches’ broom of
chayote and Passion fruit, two diseases associated with MLO recorded in Rio de
Janero & Per nanbuco State. 6: 115-122,

Kulkerni, A. Y. and Sheffield, F. M. L. (1966). Study of soyabean witches’ broom virus. Ann.
Rep. East African Agric. & Forest Res. Org. 201 pp.

Kunkel, L. 0. (1926). Studies on aster yellows. Amer. J. Bot 13 :646-705.

La, Y. T., Brown, Jr. W. M. and Moon, D. S.,(1976). Control of witches’ broom disease of
Jujube with oxytetracycline injection. Korean. J.P/. Prot 15:107-110. .

Li, L-Y. (1955). A virus disease of Longan. Enghorbia longana, in south east China. Acta
Phytopath Sinica. 1, 2, 211-216.

Lorentz and Brierly (1953). Lilac witches, broom virus. P/, Dis. Reptr. 37 :555.

Maramorosch, K., Klim, M. and Wolanski, B. S. (1972). The etiology of witches’ broom of
Opuntia. Phytopathology. 62: 497.

Marathe, T.S. and Pandey, P. K. (1976). Occurrence of little leaf disesse of Justicia
jendarussa. Hindusthan Antibiotic Bull. 18:111-112.

Martyn, E. B. eds. (1968). An annotated list of names and symptoms of plant viruses and
diseases. In plant virus names. CMI, U. K.

McCarthy, C. (1903). Report on spike disease in sandal wood in coorg. /ndian Forest. 29, 21,

McCoy, R. E. (1982). Use of tetracycline antibiotics to control yellows diseases. P/, Djs.
66 : 539-542.

Mokra Vera, (1964). Studies on the green petal virus disease of primrose (Primole sp.)
Rozpr. CSI A Xad. Vid. 74(3) : 37.

Mukhopadhyay, S., Chowdhury, A. K., and Tarafder, P. (1982). A new witches’ broom disease
of Cedrela sp. 38-40 Fac of Agric. BCKV W. B. India.

Miller, H. M.. Kleinhempel, H., Rabitschuch, A. W., Spaar, D. and Muller, J. H. (1975).
Mykoplasmen in den Jahsen 1967-1974 (852 Titel) Inst. fur Landwirtschaftliche
\nformation und Dokumentation, Berlin.




On the Witches’ Broom Diseases 139

Nariani, T. K., Raychoudhuri, S. P., and Viswanath, S. M. ( 1971 ). Response of greening
pathogen of citrus to certain tetracycline antibiotics. Curr. Sci. 40 : 552, ‘

Nasu, S., Sugiura, M., Wakimoto, T. and lide, T. T. (1967). On the pathogen of rice yellow
dwarf virus™, Ann. Phytopath. S?c. Jap. 33: 343.

Padmanabhan, D., Lakshmanan, M. and Veerasamy, S. (1973). Morphological and anato-
mical studies on little leaf in some flowering plants. Proc. Ind. Acad. Sci. B. 78 :
130-141.

Pearson, R. C. (1977). Control of x diseases of peach. Proc. New York State Hontl. Society.
122 : 176-183.

Plakidas, A. G. (1949). Witches" broom a graft transmissible diseases of Arizona Ash
( Fraxinus berlandieiana ). Phytopathology, 39 : 498-499,

Ploaie, P. G. (1970). Association of MLO with clover phyllody in Romania. Revwe. Roum
Biol. Ser Bot. 15 : 433-445,

(1981). Mycoplasmalike organisms and plant diseases in Europe. In : Plant
diseases and vectors-Ecology and Epidemiology, pp. 61-103 (K. Maramorosch and K.F.
Harris ) Academic Press. New York.

Raju, B. C., Subhramanyan, P, and Rao’ N.S R.K. (1975). A note on witches’ broom of
Angelonia salicariaefolia. Sci. & Cult 41 : 165-166.

Rosenberger, D. A. and Jones, A. L. (1977). Symptom remission in x diseased peach trees
as affected by date, method and rate of application of oxytetracycline HCL. Phyto-
pathology. 67 : 277-282.

Rutgers, (1913). Ground nut witches® broom diseases, Meded. Afd. Piziekt. Buitenz, 6.

Sastry, K. S. M.; Thakur, R. M.; Gupta, J. H. and Pandora, V. R. (1971). Three virus
diseases of Encahyptus citriodora. Indian Phytopathol. 24: 123-126.

Silberschmidt, K. and Campus, A.R. (1944). Studies relating to the supper 'budding or
witches’ broom of Cassava. Ag. Inst. Biol. S, Paulo, 15: 1-26.

Singh, K. G. (1978). The causatine agent of the witches’ broom disease of rice. Malays.
Agric. J. 51 : 387-391.

Smith, P. G. (1949). A witches’ broom disease on cucumber/canteloupe. Phytopathology.
39: 598-599.

Stewast, F. C.(1924). Witches’ broom on hickory. Phytopathology.7 : 185-187.

Sumardiyona, Y. B. (1980). Witches’ broom disease of velerged bean (Psophocargus
tetragonolofus (L) (DC) 2 : 357-361.

Thomas, K M. and Krishnaswami, C.S. (1939). Little leaf a transmissible disease of
brinjal. Proc. Indian Acad. Sci. BIO : 201-212.

Thung T. H. (1947). Sweet pota.o witches’ broom disease. Landnouw. 19 : 286.

Tokushige, Y. (1951). Witches’ broom of Paulownia tomentosa L.J. Fac. Agric. Kyushu
Univ. 10 : 45-67.

Ulrychova, M. ; Jokes M. and Kynclova, J. (1980). MLO in Lupinum hybrids showing
witches broom symptom. BJiologia Plantarum. 22 : (5).

Van Velsen, R. J. (1961). Little leaf virus on Acalypha wilkesiana Pagua & N. Guinea
agric. J., 14: 128.

Vasudeva, R. S. and Sahambi, H. S. (1955). Phyllody in Sesamum (S. orientale). [ndian
Phytopath. 8 : 124-129.

"




140 U. Ganguly & S. Mukhopadhyay

Verma. A.; Raychoudhuri, S. P.; Chenuluy, V. V. ; Singh, S. ; Ghosh, S.K. and Prakash, N.

(1945). Yellows type of disease in India : Egg plant little leaf. /nd, Nat Sci. Acad. %

41 : 355-361. 7 3
Vega, J: Almeida, A.; M. R.Costa, A. S. (1961). MLO associated with witches’ broom

of Bidens pilosa. Fitopatologia Brasileria, 6 }29—33. Sao Paulo, Brazil. Y

Wellonan, F. L. and Grant, T. J.(1951). An apparent virus disease of casuriana in the
American tropics. Plant Dis. Reptr. 35 : 498-499.

Whitcomb, R.F. and Tully, J. G. ads (1979). The mycoplasmas IH. Academic Press,
New York.

Zeller, S. M. (1927). Preliminery study of witches” broom of Strawbesy. Phytopathology.
17 : 329-335.

Zeller, S. M. (1931). A witches’ broom disease of QOcean Spray (Holodiscus  discolor).
Phytopathology, 21 : 923-925. -

\
( Accepted for publication June 28, 1989 )
APPENDIX 1 ; -
List of some witches” broom like diseases of plant found in India and abroad
Name of the disease - First reported by
Anisomeles witches’ brooms Padmanabhan et al., (1973)
Aster yellows Kunkel (1926)
Alfalfa Witches’ broom : Edwards (1936)
Ash ( Arizona ) Witches’ broom Plakidas (1949) 5
Acalypha little leaf Van velsen (1961)
Ammi sp. proliferation Ploaie (1969)
Acalypha Witches’ boom * Varma et al. (1974)
Angelona W. B. Raju er al. (1975) -
Allamanda Witches” broom Ghosh (1977)
Acrostaphylos W. B. Bremmer (1981)
Brinjal little leaf Thomas and Krishnaswami (1939) 2
Broadbean Witches’ broom Nour (1962) lg
Bidens Witches’ broom Vega (1981)
Butterfly flower W. B. Ahlawat et al. (1983)
Conifir Witches’ broom Tubeuf (1919 _
Cassava Witches’” broom Silberschmidt and Compos (1944)
Cantaloupe W. B. Smith (1949) <L : -
Casurina W. B. Wellman & Grant (1951)
Crotalaria W. B. Hadiwijaja (1952)

Convolvulus yellows Amica et al. (1972)
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Cowpea Witches’ broom
Cocao W. B.
Datura little leaf
Dodonea little leaf
Nesmodium Witches’ broom
Eucalyptus little leaf
Groundnut Witches” broom
Grapevine W. B.
Holodiscus W_ B.
Longan W.B.
Lupinem W. B.
Lucerne W. B.
Mulberry dwarf
Munghean W. B

‘Wiickes” broom
Poulownic W. B.
Primula W. B.
Passion frst W. B.
Rice W.B.
Rose W.B
Sandal Spike
Sesamum phyllody
Shagback hickery W. B.
Sweet'potato W_ B.
Solamsm pubesnens little leaf
Styllosanthes W. B.
Strawberry W. B.
Tuna Witches’ broom
Winged beans Witches' broom

- Zizyphus Witches” broom

Varma (1974)

Karunakaran (1980)

Calle (1982)
Padmanabhan et al. (1973)
Padmanabhan (1973)
Chen et al. (1982)

Mokra (1964)

Sastry et al. (1971)
Rutgers (1913)

Dias (1963)

Zeller (1931)

Lorentz & Brierly (1953)
Li (1955)

Padmanabhan et al. (1973)
Ulrychova (1980)
Edwards (1936)

Sakai (1937)

Ghosh et al. (1975)

~ Sumardiyono (1980)

Maramorosch (1972)

- Hungerford & Dana (1924)

Tokushige (1951)

Kulkarni & Scheffeild (1966)
Kitazima et al. (1981)

Singh (1978)

Crowe (1983)

McCarthy (1903)

Vasudeva et al. (1955)
Stewert (1924)

Thung (1947) s
Padmanabhan et al. (1973)
Chen et al. (1982)

Zeller (1927) .

Mukhopadhyay (1982)
Sumardiyonoo (1980)
Cicearone (1957)

"4




142 U. Ganguly & S. Mukhopadhyay

APPENDIX II
This list is a modification of McCoy's record ( McCoy, 1982 )

Western X disease (Amin er al., 1971).
Aster yellows disease (Davis er al., 1968, 1970).
Potato witches’ broom (Barrak ez al., 1969).
Egg plant little leaf disease (Anjaneyulu ef al., 1969, 1972 ;: Varma et al.,

1975).

Yellows and witches's broom disease of Strawberry (Dianne et al., 1971).

Clover phyllody and aster.yellows disease (Chiykowski 1972, 1973).

Citrus likubin disease (Chiu et al., 1979).

Legume little leaf disease (Bowyer er al , 1972).

Citrus sutbborn disease (Bowyer er al., 1974).

10. Effects of tetracyclines on mycoplasma like agents (Asuyama et al., 1973). a
11. Opuntia subulata montrosity disease (Delay et al., 1977 .

12. Apple proliferation disease (Deubek et al., 1977).

13. Lethal yellowing in coconut palm (Hunt ez al., 1974).

14. Citrus stubborn disease Igwegbe ef al., 1973).

15. Witches’ broom diseases jujuba (La et al., 1976).

16. Witches's bromm of Opuntia tuma (Maramorosch et al., 1972).

17. Citrus greening (Nariani et al., 1971).

18. Pear decline (Nyland et al , 1973).

19. Peach X Disease (Pearson, 1977).

20. Peach X Disease (Rosenberger e af., 1977).

Mulberry dwarf disease (Sudo ef al., 1969).
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