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INTRODUCTION

Among pulses, mung bean (Vigna'radiata (L.)Wilczek) -

and urd bean-(Vigna mungo (L.) Hepper)'occupy important

position in Indian agr;culture. Uttar Pradesh Madhya
Pradesh, Rajasthan, Punjab and Haryana are among the major

mung bgah and urd bean growing states in India.

In Haryaﬁa during the'years-l97ﬁ-75 and. 1975-76,
out of the total cropped area of 4842 and 5451 thousaﬁd_
hectares, mung bean and urd beah crops were grown in 23,1
and 25.8 thousand héctares and total production was 9.8 and

17.2 thousand tonnes,respectively (Anonymous, 1976, 1977 a)

These crops suffer due to several dlseases of
fungal bacterial and viral origin. Of,these, virus disea-
ses are the most important llmltlng factor51n their succes- -
sful and profltablg cultivation, Among V1ral dlseases,
yelléw.mosaic, leaf. crinkle and mosaic. (mottle) are impor-
tant but yellow mosaic and leaf crinkle-are the most destruc-
tive'tNene,'1972; Raychaudhuri et g;.;“;977).\L¢af'crinkle
disease iswreportéa to be wide spread in India (Williams
et al., 1968;'Nené,jL968;.l972; Khatri et’al., 1971;
NaraYanasamy‘ahd Jaéaﬁathan,'l973; Gubta,71974; Raychaudhuri
et al., 1977; Singh et al., 1979). Information on yellow
mosaic disease is avallable upto some extent but the infor-

mation on leaf crinkle disease is scanty. Due to leaf



crinkle, there ié eithef‘no pod formation or o¢casionélly
a few pods are formed on plants. The exteﬁt of losses due
to this disease was estimated from 62 td'ldb per cent at
Pantnagar in Uttar Pradesh (Nene,_l972),f This disease was
also observed in Intérqational Mung‘beéthﬁrseries grown 
from the seed'samples‘collected from India. It was consi-
dered to be caused by‘an‘unidentified virus causing the
symptoms of leaf crinkling, dwarfing or flower abortion .

(Poehlman, 1977).

In Haryana, it has become serioué_on urd bean;'
and mung bean during the recent years (Singh, 1974; Singh
et al., 1979). However, this disease has been studied .
to a limited extent in India (Nene, 1972) but no studies
seems to have been done abroad: lhformation regarding
natural mode of trahsmission, host raége, factors affect-
ing disease development, control measures is scanty.
Physical and chemical characteristics of fhe virus causing

the disease are unknown since the virus was not purified.

Considering the growing importance of this dis-
ease‘and lacunae in knowledge about the virus and the
disease, it was felt desirable to inveétiéate leaf crinkle
disease in detail, The studiés as presented in this
dissertation,epabled'us to understand thé‘virus_and various

other aspects of the disease in order to devise the practical



methods of control. The present dissertation contains -
the results of investigations on leaf .crinkle disease

of urd bean and mung bean mainly on the‘following aspects:

1= Survey‘aﬁd epidemiology

2~ Purification and identification
of the virus o

3- Changes in protein constitution of
resistant and susceptible varieties
of mung bean and urd bean

4~ Control measures.



REVIEW OF LITERATURE

A number of‘eiongated, isometéiiéland bacilliform
plaht viruses are known to occur all over the world as
_péthdgensof legumihbus crops'(Wéiss,:l939, 1945;Nariani,
1960; Bos, 1964; Nene, 1'968, 1973; Smith, 1972; Singh,
1974; Sen Ggpta; 1974; Bird and Mqramoro?ch, 1975; Vander-
veken, 1976; Raychaudhuri et al., 1977; Dante and Dolores,
1977; Hampton et al., 1978; Hampton and Braverman, 1979).
The impoftant'legﬁme viruses reported so far in the liter-
ature are: alfalfa mosaic virus, beahfléaf roll virus,
bean atypical mosaic virus, kean common mosaic virus,
bean pod mottle vi;us, bean southern mosaic virus, beénsevere
mdéaic virus., bean yellow dot Virus, bean yellow stipple
‘mosaic virus, beah yellow mosaic virus,:broad bean stain
mdéaic virus, broad bean true mosaic wvirus, broad bean
'wi;f virus, clover (Red) mosaic virus, clover (Red) mottle
virus, clover (Red) vein mosaic-virué,?clovera(White)
mosaic virus, éld#ér wound tumour virué,'clover yellow
mosaic virus, clover yellow vein mosaic virus, cowpea
mosaic virus, cowpea aphid borne mosaic virus, cowpea
chlorotic mottle virus, double bean yellow mosaic virus,
groundnut mottle virus, groundnut stunt virus, leaf
grinkle virus of urd; mung little leaf‘virus,) mung yellow
mosaic virus, pea early browning virus, pea enation

mosaic virus, pea leaf roll virus, pea mosaic virus,



pea necrosis virus, pea éeed.borne mosaic virus, pea
streak virus, pea. stunt virus,-peé wilt virus, soybean
mosaic virus, soybéan:stdnt virus, sunhemp mosalc Qirus
and urd leaf curl vifus (C.M.I. /A.AB. Description qf_
plant viruses, l9?§-1978). o

Mung bean (t.radiata (L.)/Wilczek)wand urd bean
(V.mungo (L.) Hepper) are also the hosts of several viruses
e.g. yellow mosaic virus (Nariani, 1660; Nene, 1972;
Raychaudhuri et al., 1977; Prem Chand, 1978; Singh et al.,
1979), leaf crinkle virus (Williams et al., 1968; Nene,l969;
Grewal, 1977), mésaié-(mottle) virus (Sahare and Raychau=
dhuri, 1963; Nene, l1973; Singh and Varma, 1977), leaf curl
virué (Nene, 1972;'Raychaudhuri_gz_gi., 1977), cucumber
mosaic virus (Puriﬁirojkul et al., 1978), .little. leaf
virus (Dante and.Dolores, 1977), beanisbﬂthern mosaic
virus (Iwaki and Auzay, 1977), satellite tobacco necrosis
virﬁs‘(Liu, l969;fYang, 1977), bean (qumon) mosaic virus
(Pierce, 1934; Yarguntiah and Nariani,-1963; ;aiser and
Mossahebi, 1974), bean yellow dot virus (Thomas, 1951},
‘cowpea mosaic virus (Dale, 1949), bean severe mosaic '
virus (Naraini and Kandaswami, 196l), alfalfa mosaic
virus (Price, 1940), bean yellow mosaic virus (Pierce,
1934), bean‘yellpw‘stipple.virus,(Zaumeyer and Tﬁomas,
i950), double bean yellow mosaic vi:us‘(Qapooi and Varma,

1948), pea wilt‘yi:us_(Fry, 1959), pea enation mosaic



virus (Bustrillos,:1965), tobacco ring.spot virus (Iwaki
and-Auzay, -1977) and.‘tobacco mosaic virus .(Ramakrishnan

i

et al., 1968, 1973).

Leaf crinkléldisease'§f urd bean was first observed
in 1966 in union territory of Delhi and in Uttar Pradesh
(Williams et al., 1968). Later it was also observed in
Uttar Pradesh (Nene, 1968), Punjab (Bindra, 1971; Khatri
et. al., 1971), Haryana(Singh, 1974), Himachal Pradesh
(Gupta, 1974) and Tamil Nadu;(NarayanaSamya and Jaganathan,
1973) causing stunting of plants, conspicuous crinkling on
upper surface of ieaves with rugesity and enlargement of -
leaf lamina, bushy appearance~of;inflqres¢ence,\flowerr
abortion and sﬁpression-of'pod formation... In Haryana this
disease was reco:deduto.be-increasing-fxdm‘L973 through
1975 in different districts (Singh et g;a,L1979) on mung
bean and urd bean crops. - This disease was also observed
(Poehlman,,l977) in Ihternétional Mungﬁbean Nurseries
grown from seeds coliécted from India;éhdrcaused by an:
unidentified virus., Iwaki and Auzay (1977) reported that
the;ieaf crinkle. symptoms were presentlthSOme mung bean
fields in Indonesia.

Very littie work was done on tﬁe:éétimation of
losses in yield due to this disease. Nene (1972) recor-

ded the losses in yield from 62 to 100 per cent,



 Information on the effect of enﬁironment on ’

disease incidence and development is not available.

A berusal of literature ihdicaté$'£hat some
attempts were made to study the’tranéﬁiséion of this
disease., Williamsrgg'g;. (1968) atteﬁpted sap trans-
mission but failed to transmit the disease, Later,
Bindra (1971), Khatri et al. (1971) succeeded in the
transmission of this disease through.sap indicating the
viral nature of the disease. Kolte and Nene (1972) achie-
ved 100 per cent infection by sap inoculation when the
extraction of thé!virus was done in 0,1l M potassium
phosphate buffer .pH 7.6 but Narayanasémy.and Jaganathan
{1974y recorded the maximum sap transmiésion at buffer
pH 7.2. Chohan'ana Kaliha (1967) reported the graft
transmissibility of the virus associated with similar
disease which they described under the name "Curly top".
-GUpﬁa (1974) also succeeded in transmitting the virus )
through sap and grafting. The review offlite;ature(singh,
1974; Raychaudhuri et gi.; 1977) revqais;that there are
differences in opinion among different workers on the .
transmission of the virus causing leaf crinkle disease
through insect vector. Bindra (1971) and Khatri et al.
(1971) reported that the virus was transmissible through

the aphid (Aphis craccivora Koch.) and leaf hopper

(Circulifer tenellus Baker) but Kolte and Nene (1972)



found no evidence of transmission of .virus by A.craccivora

Koch, and also by-Bemesia tabaci Genn. ' Later, Narayanasamy

and Jaganathan (1973) reported the transmission by B.tabaci
Genn, upto 60 per -cent. Dhingra {(1975) succeeded in trans~

mitting the virus by A.craccivora Koch., and A.gossypii Glov.

with a short adquisifion period préceded‘by a pre-acquisi-

tion fasting in é‘stylet borne manner,

The role of seed as carrier of this disease was
also studied. Kolte and Nene (1972) found that the‘virus
was seed transmissible and aboUt 18,30 per cent seeds from
infected plants carried the virus. Gupta (l1974) also obser-
ved the transmission of this virus through seeds of mung
bean, Narayanasamy énd Jaganathan (l975_a) reported that
the virus occurred in the plumule, radicle and cotyledons
of-the'germinatiné seed but not in the seed coat and it
was found at higher7frequency in thé pldﬁule. They further
réébrded that theiihoﬁulation of urd bean plapts with the
virus showed high;rate of. infection in: young ;iants. The
incubation period was positively correlafed with plant age
at the time of inoculation but shQng a negative linear
relationship with;percentagé of seed transmission (Narayan-
asamy and Jaganathan, 1975-b), They also concluded‘f:om
sap inoculation tests that the susceétibility of'urd bean
plants and percentage of. seed transmission decreased with

increasing_plantrége. A high degree of infection of young

1



plants. increased seed transmission. The incubation’
period of the virus was correlated positiveiy with plant
age at inoculation.and negatively.witﬁ_ﬁe#centage of seed
transmission (Narayanasamy and Jaganathan, 1975 c). Amin
et al. (1978) observed that seed inoculation with this
virus by vacuum infusion of extract in water soaked seeds
was 40 per cent without affecting the seed germination
of urd bean, Nene (i972) did not sucﬁeed in transmiting
this virus through soil and pollen. -

The leaf crinkle disease of urd bean and mung bean
was found restricted to leguminous plants like mung bean,
urd bean, moth bean and cowpea (Nene, l972§ Kolte and Nene,

1975). Gupta (1974) observed that this virus infected

beaﬁ'(PhaseoluS;vuiéaris), mung bean and tobacco. Narayan-
asamy and Jaganafhan (1974) reported that out of 24 plant
spp. tested, guar, cowpea, mung bean and pigeon pea were

infected. .
4

"‘Nene {1972)' recorded the thermal.inactivation point

of the virus between 60° and 70°C and dilution end point

4and lOf5. The virus'in sap stored at room

between 10~
temperature lost its infectivity on fourth day. Infecti-
vity of the virus‘in~sap-was found for_a-period of nine

days when stored-in refrigerator. Gupta (1974) found the
thermal inaciivation'point between 7d}andf75oé; dilution

3

end point between 'l0™~ and 10”4 and longevity in vitro
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at room temperature'fb#_96 h. Narayénasamy and Jaganathan
(1974)‘reported thaf the virus was inactivated at =~ 1;500
dilution; > 60°C énd 48 h, at Toom temperature., Further
identification of thefvirus causing leaf crinkle disease
of urd bean and mun§ bean is unknOWn,'gince"the virus was
not purified. The viruses causing mosaic or mosaic mottle
have been identified éé a strain of beaﬁ Cbmmon mosaic
virus and a strain of cowpea moSaic vifus (Sahare and
Raychaudhuri, 1963;'Nene, 1973;_Singh'and Varma, 1977). In
soutﬁ India mosaic of mung bean and urd bean has also beeén
found to be caused by tobacco mosaic virusi(Ramakrishnan
et al., 1968, 1973). o

: Attempts'were not made‘éarlier to purify the virus
cauéing‘leaf crinkié_disease of urd bean'éﬁd mung bean..
However, several 6ther legumihouS'virusesahave been puri-
fied using‘variousffechniques (Bawden et él., 1951 ;Schachman,
1959; Steere, 1959; Bahcrdft, 1962; Hébert; 1963; Leberman,
1966 van Kammen,‘;967g Gibbs et al., 1968; va;-Gfiensven
and van Kammen, 1969; Nariani et al., 1970; Francki,l972;

Trautman and Hamiltbh,“l972; Chowfla and Nariani, 1975).

Though resistant and susceptible_v;rieties and ”
germplasm of mung bean and urd bean have been identified
on fhe basis of symptomatology (Nene, 1972; Singh, 1974;
Anonymous, 1977 b;";978)'at various placés.in india but

no work has been done on biochemical evaluation of resistant
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and'susceptible varieties of_mung'beapiand urd been!to.
legume viruses. Virueehost interactions ;ead to'metabolic
changes pertainihgeto nitrogen, protein, amino acids, car-
bohydrates etc, aﬁexprotein constitetion in the host(Brewar
et al., 1926; Kiraly and Farkas, l959;;Daly et al., 1962;
Bozarth and Diéner;.l963;'van Andel, }966; van Loon and
van Kammen, 1970; Zacharius et al., 197l; Varma and Poonam,
1978). Very little work seems to have-beeﬁ done in this
respect on 1eguminous'crope. van Loon and van Kammen(}970)
.reported that‘develoement of systemic mosaic symptoms’on

Nicotiana tabaccum var. Samsum NN with potato virus S(pVS),

poteto_v1rus Y (PVY) or cucumber mosalc virus (CMV) were
accempanied by differlng alternatlons 1n proteln‘COnstltu-
. ents as detected by electrophoresis 1n polyacrylamlde gel.
Barker (l975) descrlbed the effect of virus infection on
leaf proteln and_reported that disc elect;ophore51s of
soleble protein in:ieef extracts failedite reveal any
chanée induced by infection with raspberry ring spot virue
elther in 1noculated or 1n systemlcally infected symptoms

bearlng 1eaves of N. benthamiana., Ev1dence was also given

that 3 of the 4 protemns previously tﬁeught to occur only
in virus infected tobacco leaves were probably normal
constituents, Varma ‘and Poonam (1978) studied the protein

pattern of re51stant and susceptlble _ypoperslcon Species

to tomato leaf curl virus and found that appearance of

,addltlonal proteln in susceptible speC1es acted as tampelatei=



12
for virUS‘multiplicéfion. Protéin constitution at species
and varietal level were also studied in potato,nmaiée and
teosinte (Desborough and Peloquin, 1966, 1968, 1969 ;

Rana, 1979). Rana (l979) recorded electrophorefic banding
pattern on polyac:ylémidé gel for maize and teosinte and
reported that thereEWas a general reduction in the -number
'of protein bands aftei the germination of seed as the ﬁlant
age increased. No work has been done for the change in
protein constituents in case of"igéf ﬁrinkle virus infec=-

ting mung bean and urd bean planté.

_Attempts have also been meager to control the leaf
crinkle disease in tﬁe field except some work on varietal
screening, Nene (i972)'r&ported that out-of 13 cultivars
of urd bean, none was found free from this disease while
in mung bean put of712_cﬁifiva;s,screenéd;cultivars No.
24-3, Pusa Baisakhi, T-2, T-44 and T-51 did not showany
symptoms even after artificial inoculation. Singh (1974)
reported that under field conditions several varieties
of urd bean and muhg beaﬁfhere found free from this disease
in Haryana. He fﬁfther recorded that'but'of 5 cultivars
of urd bean i.ec, T-9, upU-1, G-8, IART and 26-59, none-
was free from leaf crlnkle._ In All Indla Coordinated
Project on Improvement of Pulses at Hlssar ‘during Kharif,
1977 and Kharif 1978 out of 469 lines of mung bean and 39
lines of urd bean screened against this disease under natu-

ral éonditiohs, 34 lines of mung bean and one line of urd

bean were observed free from leaf crinkle symptoms (Anonymous,
1977 b, 1978).



MATERIAL AND METHORS

DISEASE SURVEY

Survey of leaf crinkle disease 6f mung bean and
urd bean in all distficts of Haryana wqé done during
summeT and Kharif seasons of 1975, 1976 and 1979. In each
district 4-5 villages were randomly selected and in each
village 3-5 fieldé_cdverihg 5.3 hectares were surveyed,
Iin each field an area of 25 sqg.meter was selected randomly
and the number of plants showing leaf crinkle symptoms
along with the total number of plants ﬁeie.counted. The

per cent disease 'was.calculated by the formula given below:

Number of diseased plants X 100
Total number of plants ‘

Per cent disease. =

ESTIMATION OF LOSS IN YIELD

- 'l
Mung Beaé cQ. Véréha éhd uid beé@.cv. T«9 were sown
eacﬁ_having 500 éq.meter area of fhe field at H.A,U, Farm,
Hissar during kharif 1975, 1978 and 1979. Plants -showing
ieaf-crinkle symptémé were tagged aftér 24 days of sowing.
Thereafter tagging of ieaf érinkle diseésed plants was
done at 10 days interval till the maturity of crop. At

the time of harvest the observations oﬁ-pqu per plant,

seeds per pod, ldoo_grain wt. (Q) and yield (g) per plant



714
were recorded. Per cent'yield loss was calculated by the
formula as under:

* .- Yield of healthy Yield of disea-

| . _ plant - sed plant
Per cent yield loss ~ Yield of healthy plant

X 100

The data were statistically analysed following Snedecor and

Cochran (1976),.

- EFFECT OF TEMPERATURE AND HUMIDITY ON DISEASE
INCIDENCE AND DEVELOPMENT

fhe'éffect\df féﬁbéréﬁufé and humidity on disease
incidenée and development was studied under natural condi-
tions, -Disease inqi@ence wés calculated by the formula
given earlier under disease survey. 8yﬁptom severity
grades designated with + sign were giveﬁfon the basis of
visual observations (Table 1). Each symptqm severity grade
was given arbit;ar? Yalue and designated'as "response
value® (Table 1}. To quantify the disease severity "coeffi-
cient of infectionﬁRWas calculated by multiplying the per
cent disease with é#esponse value® (Table 1). This coeffi-
cient combined the amount of infection and severity and
wasréonsidered as disease devélOpment.riéer‘cent disease
development is thefcoeefficient of ihfecfion calculated on
the ba#is of 100 as the maximum value (Table 1). Urd bean
cv. Krishna was sown in summer and kﬁaiifﬂseasQns”bf 1975,

1976 and 1979 at H.A.U. Farm, Hissar. Total number of
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plants and plants éhowing leaf crinkle éymptoms along with
severity grade were counted after 24 days of sowing.
Further counting ofrblanfs showing leaf crinkle symptoms
along with severity grade was done at weekly interval till
the maturity of crdp i.e. upto 65 days after sowing. Data
on temperature and huﬁidity'were collected from Meteoro-
logical Laboratory of the H,A,U. Hissar. This was corre-
lated with dis€ase incidence and disease development of

the corresponding period,

TRANSMISSION

Mechanical Transmission : The source of virus inoculum was

young infected leaves of ‘urd bean cv. Krishna showing typi-
cal leaf crinkle_symptbms. The infected fresh leaves were
collécted, washed'ﬁith téb ﬁater and dried in folds of
blotting paper. Théf_ﬁere then macerated adding 1 ml of
phoéphate buffer of desired molarity and éﬁ per g of leaf
material in a pestie and mortar at about 4°C To increase
the efficiency of transm1551on dlfferent pH (6.00 to 8.00)
and dlfferent molarltles of phOSphate buffer (0.0L - 0,5)
were tested, The pulp obtained after.crush;ng the leaves
in ph05phate buffer wés squeezed through:fwo fold muslin
cloth.to obtain crude extract which was used as virus
inoéulum. Urd beaﬁ cv. Krishna was used as test plant.

The test plants were raised in clay pots and maintained
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in. screen house under insect proof conditions. -Inocula-

tions were done on test plants_by'gently'rgbbing'thé

upper surface of leaf/leaf”let with forefinger dipped

in inoculum. Ca:borandum powder was sprinkled over leaf
surface before inocuiation to increase thg transmission
efficiency. After inoculation the leaveé:yere washed with
a fine jet of water from a wash_bottle_§6:;emove the'
excess inoculum and carborandum pbwdeigﬂ To study the
effeEt of plant age on mechanical trénsmission, leaves
were inoculated at 'the aée of 7, 14, 21, 28, 35, 42 and
49 days. Inoculated plants were kept in screen house
under insect proof conditions for observation/symptom

appearance,

Insect transmission : Transmission of:leaf crinkle disease

was also studied with insects. Two aﬁhids - bean aphid

(Aphis craccivora Koch) and cotton aphid (Aphis gossypii

Glov.), one beetle - red pumpkin beetle (Aulacophora

fevicaulis Lucas) and white flies (Bem151a tabacl Genn, )

which were commonly found in pulse crop area and its
surrounding fieldé”ﬁf-COtton and cucurbits in kharif
season, were used. These insects were multiplied on
healthy plants of cowpea, cotton and bdbuﬁber. Whenever
needed the required number of insects wéie.carefuily
removed from the healthy piaht on which they were main-

tained with the hélp of camel hair brush. White flies
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were‘handled with the help Qf‘an“aSpiratoi-following the
technique described,by;Rathi and‘Nene (1974). Thereafter,
they were given pre-ééquisition fasting for. 3-4 hours before
transferring them tblleaf crinkle diseased. leaves of urd
bean to acquire thé,yiru§. The virus acquisition feeding
was given for 5 min and 2 hrs. The insects were watched
during acquisition-fééding and only thosg'individuaLs which
fed were transférréd:td the test plants, For inoculation

feeding the aphids and white flies were transferred as 1,2,

5, 10, 20 andr30-insects per plant whereas A.fevicaulis was
transferred as i,l2,}3, 4 and 5 insects per,blant. These
insects Were‘allowedmfor inoculation feéding on test plant
urd bean cv, Krishna., Thereafter, test plénts were sprayed
wiih 0.1 per cent Thiodan (insecticide) fo.kill the insects
and kept for observations in screen house under insect

proof conditions.

Seed transmission : In order to study the transmission of

the virus through Seea, the plants weré réisederom the
seeds collected from the infected plants of urd bean cv,
Krishna, in the screen house under insect_éroof conditions.,
Control plants were raised similarly from the §eeds collec-
ted from healthy plants. To study thé‘effect of plant age
at the time of infecfion on seed'transmiqsion, 7, 14, 21,
28, 35, 42 and 49 days old plants of urd bean ¢v. Krishna

were first mechanically inoculated with the virus and
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allowed to mature under insect proof conditions. The seeds
collected from them were sown and the resulting pladts

were maintained in screen house under insect proof condi-
tions to observe the disease symptoms. - The per cent seed

transmission was calculated as below:

Per cent seed _ _No. of diseased plants X 100
transmission Total number of plants

HOST RANGE AND HOST REACTIONS

Host‘rahge'and,hoét-reéctiéné.éffthe virus with
special reference to weed plants were studied. Unless
otherwise stated, cultivated and weed plgnts be longing
to 19 families were grown in the screen’house under insect
proof conditions. Apparently healthy seedlings of the weed
plants which were,hét faiSed from seeds in screen house,
were transplanted in the pots from the fields particularly
from:thé areas whére pulse cfops were grown during kharif
seaéqn. Ten plant§ 6f'each species wéré méchaniéally
inoculated and 5 plants of the same species were kept as
uninoculated {control) for observationé. Transmission of
the virus was confirmed by back inoculation on test plants

of urd bean cv. Krishna.

PHYSICAL PROPERTIES

Dilution end'boiﬂt”inéﬁ) ;.Anééfiés of lohfold‘dilutions

with 0.1 M phosphate buffer pH 7.0 of fhe“standard extract
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prepared by c¢rushing 1 g of diseased leaf material with
1 ml.of 0.1 M phosphate buffer pH 7.0, were preparea.
Infectivity of the{virus at each dilution of the sap was
tested by mechanically inoculating the plants of urd bean
cv. Krishna., At least 10 plants of urd bean cv. Krishna
were inoculated with.each dilution.. Equal number of plants

were kept as controif(uninoculated)- o

Thermal inactivation point (TIP) : Two'ml. aliquots of

standard extract fram'diseaééd leaves were -taken in thin
walled Corning glass test tubes of L cm diameter, These
tubes were heated in a thermostatically controlled water
bath‘for'lo min, at gééired temperatures. After heating,
the tubes were rapidly cooled by‘immersing'them in ice cold
water, Infectivityfof:the virus of the_heated sap was

tested on urd bean'cv.'Kxishna as for DEP;'

Longeyity in vitro The standard extract was stored in

test tubes at Toom temperature (35°C + 2°C) and,in a refri-
gerator separately. After the desired interval of time

the infectivity of the stored extract was determined as

it was done for B.E,P. and T.I.P.

PURIEICATION

Prgparation of the-&iéar-Exfréct :

The clear exéréct was prepéred by crushing 100 g
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of healthy and leaf crinkle virus.infectéd'leaves of urd
bean“tv.Krishna showing typical leaf crinkle symptomé in
100 ml of 0.lM,phoéphate buffer pH 7.0 cnntaining 0.3 ml
of 2-mercaptoethanol in chilled pestle ‘and ‘mortar at 4°c,
The slurry obtained was passed through & folds of muslin
cloth, The crude extxract thus obtained-was»centrifuged at
10, OOO r.p.m, for 15 min. at 4°C in K-24 Refrlgerated Cen-
trifuge. The supernatant thUo obtalned was, collected as

clear extract and was used as the startlng'materlal to

purify the virus employing different methods as under:

i

l._Adjustment"of pH

2.‘Prec1p1tatlon with salt and treatment
wmth organic solvents

3. Sephadex filteration

?4. Ultracentrlfugat1on/d1fferentlal
-centrlfugatlon.

1. Adjustment of pH : Thirty ml aliquots of clear extract

from healthy and 1nfected leaves were taken in iOO ml bea-
kers. These samples were adJusted to desired pH (5.0 to

3 O) w1th 0.1 N hydrochloric acid and 0,1l N sodlum hydro-
xide using Digital pH meter (Systronlcs) After adjustment
of the desired pH.the samples were shaken well for 10 minutes
under cold condition:_ fhe pfecipitate appeared at different
pH was collected by centrifugation at 10,000 r.p.m. for 15
min; using K—24’Refrigerated'C.éntrifuge.= Tne précipitate

was dissolved in‘O;l'M phosphate buffer pH77.0 and again
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centrifuged at low speed to remove inscluble materia;.

The clear solution obtained after this'centfifu%atioﬁ was

tested for 1nfect1v1ty on Cholai bean (V‘ catjang) and its
ultra violet (U,V.) Spectrum (220 - 300 nm) Wwas determined

using-Beckman W Spectrophotometer - Mode1}2§.

2. Precipitation with salt and-treatmént with organic solvents:

To 30 ml of clear éx{ract from healthy{sﬁd'infected leaves,
10 ml of saturated ammonium sulphate was added, The mixture
was kept over night in a refrigerator. ?rssipitate was
collected by centrlfugatlon at 10,000 r.p m. using K-24
Refrigerated Centrlfuge for 15 min., and dlssolved in 10 ml
of 0.,1M phosphate ‘buffer: pH 7.0. The material so obtained
was again centrlfuged at 10,000 T.p.m. for 15 min. at 4°%¢
to remove insoluble materlal. The SUpernatant was again
precipitated with saturated ammonium sdiphate and this
cycle was further rspeéted twice, The flnal preparatlon,
which was fairly colourless, was tested for infegctivity
and its U.V. spectrum (220 - 300 nm) wasﬁalso recorded,

For the purificstion using orgaﬁicﬂsoivent, 10 ml
of chiofoform: buténsl (l: l) wss addedmto éo ml of clear
exfract from healtﬁy éha infected leaves. Ihis mixture
was vigorously shakeh fsr 10 min, with.hshas {under cold),
centrifuged at 10O, 000 r.p m, for 10 mln. and then only
watery phase was collected Carefully w1th the help of
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Pasteure's pipette, ' The infectiﬁity of this watery phase

was tested and its W spectrum (220 - 300 nm) was recorded.

3. Sephadex filteration Sephadex G-25‘and Sephadex G-50

columns (20 cm ;6né) were preparéd in 25 cmllong and 1,5 cm
diameter glass tubes with cintered glassufiiter fitted at
the bottom., From boftdm end of the tubé a‘capillary was
drawn to which a thin siliéon tube was figted which was
connected with_automaﬁic fractionfcollector. The flow of
the eleuted material was controlled with the help of a
stop cork. Ten ml of standard clear extract from leaf
crinkle infected leaQeslof urd beaﬁ cv, Kris?na was first
loaded carefully on the upper surfaée ofi§h§.3ephadex G-25
column, Twentysix fractions of 5 ml each were collected
with the LKB 17000 MINIRAC AUTOMATIC Fraction Collector at
the _speed of 2 min,/S ml, The optical density of each
fraction was recorded'at‘260 nm and the infectivity of all
the fréctions was alsd te#ted. The infeétive fractions
were pooled and filled in dialysis bag tied‘witthine
thread at one end. After filling with the §bove material,
the other end of dialysis bag was also tied with finé
thread, This leak proof dialysis bag was embeded in
polyethylene glycol (Polywax 6000) in a tray. The‘tray
was then kept in a refrigerator till the mgtgrial inside
the.dialysis bég_was cbnbeptrated as désired. This

concentrated material was centrifuged at 10,000 r.p.m,
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at 4°C to remove the insoluble material.ﬁ 'The supernatant
thus obtained was agaln passed through Sephadex G-50I
column and 26 fractions of 5 ml each were collected as
before, Again eachifréction was tested for infectivity
and its 0.D. at 260 nm was also determiﬁéd; UV, spebtra
(220 - 300 nm) of those fractions which had highest 0.D.

at 260 nm'were also recorded.

4, Ultracentrifugation/differential centrifugation

The clear extract from leaf crinkle infected and
healthy leaveé of urd bean cv, Krishna wés ?ubjected to
differential centrifugation. Low speed (10;000 T.p.m.)
centrifugation was done in K-24 Réfrigeréted Centrifuge
for 15 min.at 0-4%°C.and the high speed centrifugation was
done at 30,000 r.p;m. for 2 hr. at 0-4°C using Beckman
Ultracentrifuge Model L=5.30. Wheneverfneéded the clear
extract was furthé: ciérified by 3:1 chicroform:butanol
{L:1) treatment. The clarified extract was subjected to
differential Eentrifuéation to purify the virus. Also
8 per cent polyethylene glycol (P.E.G.)fmol;wt. 6000 and’
1.2 per cent éodiuh chloride {NaCl) waé added to the
clarified extract aﬁd'kept in”refrigeratpr_over night,
The precipitatezgggéﬁred after addition oﬁ‘P.E.G. and -
NaCl was collected by low speed centrifugation (10,000

r.p.m.} for 15 min, This precipitate was dissolved in

N hd
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desired amount of 0.l1M phosphate bpffer:pﬁ 7,0 and. the
solution was again centrifuged at low spééd:(l0,000 r;p.m.)
for 15 min. to remove insoluble material,- This clear
solution was then -subjected to differential centrifugation
to purify the virus. At each stage of purification infec-
tivity was tested by mechanically inoculating the leaveg .
of cholai bean (K.ggijggg) and U.V. spectrum (220 - 300 nm}
of the preparation was determined. The 280 nm/260 nm ratio
of the purified preparation was calculated and on the basis
of this ratio the apﬁroximate per cent nucleic acid content
of the virus was determined refering the téble given by

Layne (1957) for this purpose,

ELECTRON MICROSCOPY

Fine drops of the pﬁrified virus sdlﬁtion were
placed with Pasteure s pipette on E.M.Coppéf grids co%ted
with 0.2 per cent fofmyar and carbon. Thé excess solution
vias drained off with the help of filter ﬁapér. ‘The grids
were allowed to dry at room temperature for a few minutes.
Thereafter a drop of 2 per cent phosphotungstic acid
(PTA) pH 6.0 was put on the grids., The extra PTA was
removed froh the giids with filter paper;-After drying,

the grids were put in EM Speciman Gridbox. - The' prepara-

tions were studied in SIEMENS ELMISKOP lOZ~IRANSMISSION

Electron Microscope, This electron microscope was adjusted
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to hair pin shéped filament, magnification 8000 and
voltage 80 K.V. The apertures used were 200 microns and
90 microns for condensexr and objéct)reépectively. The
photographs were taken on AGFA GAVERT SCIENTIA cut films
of 6.5 x 9.0 cm size having sensitivity 6%r6;; The exposure
time was 2.5 seconds.l:The exposed film was -developed in
AGFA GAVARET G7 P developer. Enlarged prints were made on
AGFA SPECIAL singlé weight paper, - '

IDENTIFICATION OF THE VIRUS '

.The vifus'ﬁééhiaéntifiealénufhé basisfof particle
shape .and size determined in electron microscope , per
cent nucleic acid in infective virus particles, physical
properties, host .range, host reactions and transmission
following Harrison gg-gi. (;97l); On the basis of these
properties;investigateﬁ uﬁder this study, cryptogram
(Gibbs,_l968) was prepared. Attempt§ weré made to place
the virus in'a.grOUp proposed by Harrison (i969] embodying

-

properties closest to this virus.

PROTELN CONSTITUTION

Protein constitution of healthy and diseased leaves
of some resistant and susceptible varieties of mung bean
and urd bean was studied with the polyacrylamide gel elec-

tfophbresis technique following Davis (1964).
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A brief outline of the procedure followed is given

below;
Gel solutions : , ‘ ‘
(A) 1L N HCL 48,00 ml
" Tris (2-amino=2-hydroxymethyl 3_1:1
propane-l, 3-diol 36.60 g
TEMED (N. N. N', N'-tetramethyl
~ ethylene diaminé) a 0.23 ml
- Water to make 100 ml
(B) Acrylamide : . 28,00 g
Bis-acrylamide (N-N'-Methylen S
Bis-acrylamide) 0.735¢9
Water to make | 100 ml
{(C) Ammonium persulphate 0.140 g
Water to make. © 100 ml
- Solutions (A) and (B) were filtered and stored
in dark‘brown:bottlés in refrigerator and consumed
~within a week. Solution (C) was prepared fresh
before use, ' ‘
Running buffer : Standard Tris-glycine buffer pH 8.3

Tris (MHy.C. ( CHy. CH)3 6.0 g
Glycine (NH,. CH2 .COOH) © 28.8 g
Water to make _ 7  1000 ml

*

Tracking‘dye : 0.05 per cent bromophenol blue in 1 per cent

acetic acid.
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Preparation of gels : . The working solutions were mixed in

the following ratio to-give standard gel of 7.5 per cent:

Solution (A) 2 ml
‘Solution (B) .T4wml
Solution (C) - - Els’. ml
Distilled water = 2 ml

The mixture of the aboue solutions was deaerated before
preparation., The gels were prepared in 16 om long plexi=~
glass tubes having 1nternal diameter of 0.5 cm. Leakproof
stoppers were fitted on one end of the tube and were kept in
vertical position for gel preparation. The runnlng gel
solution was filled in these tubes with the help of Pasteure's
pipettes upto 7 ¢m ffom:below About 3 cm space was left
unfilled to accommodate the leaf extract to be electropho-
resed. 1In order to obtain a smooth, flat gel surface, a
small amount of distilled water was added gently over the
gel solution and then left undisturbed for’ polymerlzatlon.

pPolymerization of the gels took place in about 40 min,

Preparatlon of sa;ple solutlon : Two g of leaf materlal for

each sample was thoroughly Washed in dlstllled water dried
in blotting paper folds and crushed in Chllled pestle and
mortar at 4°C adding 2 ml of O.lM phosphate_buffer pH 7.0
and O.Ql ml of 2-mercaptoethanol. The crude:extract thus
prepared was centrifuged at 10,000 r.p.m. for 15 min. at
4% in K-24 Refrigeraﬁed'Centrifuge to obtaiu'the clear
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extract, One ml of 0,05 per cent bromophenol blue
(tracking dye as prepared above) was addéd_pé; S ml of
clear extract, Ten per cent_suérqse was also added in
the extracts to increase the density for;diéplacing the
buffer solution in the gel tubes, This alQO-prevented
the sample solution from mixing with the buffer solution

 over the gel tube.

Electrophoresis : The standard tris-glycine buffer(pH 8,3)

was filled . up to 3/4 of the lower chamber (lo cm in diaméter,
8 c¢cm in height) of the acrylophore. The ;ﬁbbef stoppers
were carefully removeé and the gel tubes weré pushed in
position in the holes of the upper chamber (10 c¢m in dia-
meter, 6 cm in height) of the acrylophore;.”ﬂith the help
of N pipettes 200 ul allquot of sample solution was added
at the top of each gel. Over the sample solutlon the buffer‘
was layered to fill tﬁe gel tubes completely. The tubes
at this stage were loﬁe}ed ahd submerged in the buffer solu-
tion in the upper chémber. SR

- Electrophoresis was done under COld,;onditions by
keeping cathode at top”and_ano&e at bottom. This was star-
ted with 2 mA current per tube and when the tracking dye
entered the gels, the current supply was increased to 3 mA

per tube, Electrophoresis was continued till the tracking

dye mlgrated to the other end of the gel.

After the completion of‘electfophoresis

Removal of the gel
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the gel columns were .loosened from their tubes by gently
rimming them at their lower ends with a blunted long'B-D
23 hypodermic needle through which dilute glycerine was
allowed to flow. The gels were forced from one end of the
tubes by putting water pressure through metallic syiinge.
The gels coming outldf-the tubeé were gently allowed to
rest in a tray containing distilled water aﬁd then trans-

ferred to staining solution:

Staining of gels : 'Thecgéls were stained in 0.5 per cent
amido black solution in 5 per cent acetic acid for 25-30
min, The destaining was done by repeatéd'waéhings in 7 per
cent acetic acid., Destained gels showing stained protein

bands were preserved in 7 per cent acetic acid.

Photogfaphs and scanning of gels : The géisfwere put in
glass tubes containingif pér.cent‘acétic aéid. These tubes
were placed on whitekback ground and photoérhphed. Densito=-
gram curves of each gel with automatic Tecorder at 630 nm
were also prepared with gel speed 5 cm./min and chart speed
2 inches/min, using Beckman Spectrophotometer Model-25,

having-gel scanning adjustment,

DISEASE CONIROL

SCREENING OF MUNG BEAN AND URD BEAN VARIETIES/
GERMPLASM AGAINST LEAF CRINKLE VIRUS : ..

| éeiéétéé‘anémprbﬁi;ing Jaiieties/germplasm lines,

390 of mung bean and 138 of urd bean, were sown in the
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field at the H.A.U, Farm,: Hissar during kharif 1975, 1976,
1978 and 1979 for screening against leaf crinkle virus: On
the basis as shown in Table 1, they were categorized as .
highly resistant (HR), resistant (R), modegately resistant(MR),
susceptible (S) and highly susceptible (HS). .The varieties/
germplasm which were found highly resistant under field
conditions were furthe; screened under insepf proof screen
house‘conditions,afﬁer mechanical.inoculéfion with the virus.
One hundred plants of gach variety/germpla§g{wgre grown |
under insect proof conditions, After 10 day; of sowing

these plants were sap inoculated, The varieties/germplasm
lines after artificialr(;echanical)finoculation were cate-

gorised for their reaction in the same way as was done under

field conditions.,

SEED TREATMENT

HEAT THERAPY :
Wet heaﬁlfﬂérépy, dry heat therapy and solg#‘heat"therapy
were tried for curing the leaf crinkle.infectéd seeds of

urd bean CV. Krishna.

a) Wet heat tﬁerapy;Samples of one hundred seeds of urd
bean cv, Krishna were faken in 250 ml conical flasks con=-
taining.sufficient water to cover the seeds. The flasks
were immersed in -a thérmosfatically controlled water bath

at desired temperatures for desired period of ‘time. During
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heating, the seeds immersed in water were continuously
stirred., After heating.for the required time,the flasks
were Tapidly cooled and seeds were sown'ih.glay pots under
insect proof conditions in the screen house, OQbservations
on seed germination and per cent diseased:plants were

recorded till 30 days after sowing.

(b) Dry heat therapy 5',Samples of 100 seeds were kept at
different temperatures for required period in an oven and
sown after treatment in clay pots. Observations for seed

germination and per cent diseased plants were recorded till

30 days after sowing.

{c) Solar heat therapy : In order to know the effect of

solar heat on inactivation of leaf crinkle Qirus, the seeds
of urd bean cv. Krlshna were collected from leaf crinkle
virus 1nfected plants. These seeds were soaked in water
for 1, 2, 3 and 4 hr.'ln the forenoon and then spread on
cemented surface for exposure to sun llght (solar heat )}
petween 12.00 noon to 4.c0 P.M. on hot and éiearjdays in
the month of May‘anleune. "Thereafter, fhéée solar heat
treated seeds were bagged and kept at room temperature ill
they were sown in clay pots under insect proof conditions
in the. screen housé at the time of normal kharif sowing.
For each:treatment 3 replications were kept. Observations
on séed.germinafion and per cent diseased piants were
recorded till 30 days after sowing. Data were statistically

analysed (Fischer and Yates, 1963),
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For chemotherapy the following six éntivirél'éhemicalé,

four systemic insecticides and four systemic fungic

were tried as seed treatment as given below:’

NAME OF THE GHEMICAL

dip

ides

SEED

TREATMENT

Antiviral'cheﬁicéié‘ Seed
1. Valiaomycin-A |  0.05%
2. 2-Thiouracil - 0.05%
3. 8-Azaguanine | 0.05%
4. 8-Azaadenine _ 0.05%

[

5. Guanidine hydrochloride 0,05%

6+ Guanidine carbonate 0.05%

Systemic insecticides

and

and

and
and
and

and

for 30 min. in

0.1%
0.1%
0.1%

0.1%

0.1%

0.1%

’;n water
in 0.1%
in 0,.1%
in 0.1%
,iﬁ Watér

in water

sodium
carbonate

sodium
carbonate

sodium
carbonate

7. PhOSphomedon(Dimecfdn) lo0 S 0.025 % and 0.05% in water

8. Dimethoate(RbQor)ﬂSO‘EC

9. Oxydemeton-methyl
(Matasystox} 25 EC -

0.0% %wahd'o.l% in water

0.05 %'abd'o.l%'in water

10. Monocrotophos(Nuvacron)40EC  0.05% and 0.1% in water

Systemic fungicides

Seed dressing

ll, Bavistin’

2,5 g/kg seed

12, Benlate . 2,5 g/kg seed

13, Thiophonate-M

2.5 g/kg seed

14, vitavax . 2.5 g/kg seed
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3. Temic (Aldicarb) 10 G ' 1kg/ha

4. No insecticide(control) ’ - Nl
, Liquid | Foliar spray,l0 and 25
o R ' ‘days- after sowing '
Se Phosphomedon(Dimecron)"lOO $  0.025% and 0.03% % in
‘ waterh , ‘
6. Dlmethoate(Rogar) 30 EC 0. 057 and 0.1l% in water

7. gxydemton-methyl (Metasystox) 0. 05“ and 0.1% 1n\~ater‘
5 EC

8. Monocrotophos{Nuvacron) 40 EC r'-0.0S%’and'O.l% in water
9. No iﬁsecticide(control) Watef:

The effect of these insecticides were determined on
the basis‘of per cent disease and grain yiéldQ Daté was =
statistically analysed (Snedecor and Cochrane, 1976). The -
additional grain.yiél& aﬁe to insecticidalitfeatﬁent was
calculated by substracting the yield obtaihed in control.
from the yield of the plants treated with insecticides,

The income in cash and cost of insecticides were calculated
on the three years average market price at Hissar i.e. 1975,
1976 and_l???. The net ‘income or net loss due to treatment
was compared by substracting the cost for treatment from
the addifional‘baéh income due to tréatmeniJ'

'COMBINATIONS OF SEED TREATMENT AND .
©— INSECTICIDAL SPRAYS .

Experiments were also conducted during kharif 1978
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and 1979 in the field in randomlzed block de31gn us1ng
1eaf crlnkle virus infected seeds of urd bean cv, Krlshna
with different comblnatlons of seed treatment and foliar
spray of insecticides which were found mbeteeffectivelas
seed treatment to control the seed borne infection and as

foliar sprays found meSt'effective in confrolling the

spread of virus by kllllng its insect vectors. The plot

size was 5 x 4 LM W1th three repllcations for each treat-

ment., To control seed borne 1nfectlon and to check its

further spread by insect vector, the follqﬁihg combinations

of seed treatment and fbliar sprays were tried,

1. No seed treatment '+ No foliar spray of insectiCides

2. No seed treatment +  Foliar spray of. 1nsect1c1des

3. Seed treatment with + Follar spray of 1nsect1c1des

heat therapy
4, Seed treatment with + Foliar spray of insecticides.
chemotherapy
Observatlons Were recOrded on seed germlnatlon and
per cent diseased plants at 25 days and 50 days after SOW1ng.

The data was statistically analysed (Fischer and Yates,1963).



" RESULTS R |

DISEASE = SURVEY

-~

" The extent of occurrence of leaf crinkle disease

of urd.beahuand mungAbean_ih summer_and gheriﬁ'seasons'of
| 1975, 1976 and 1979 in different districts of ‘Haryana is
presented in Table 2, 3 and 4, Figs. 1 and 2 which 1nd1cate
that the per cent dlsease was less in summer season than
kharif season. Per cept dlsease vias lessjln l975. It sli-
ghtly increased in 1976. During 1979‘it:was still more than
1976 (Table 2) except in dlstrlcts Bhiwani and Mohlndergarh

in mung bean crop- (Table 3, Fig.-1l) and in districts Jind,

Mohindergarh and Rohtak in urd bean crop (Table 4, Fig; 2). .

:ﬁuring summer season tﬁe maximum.disease ineidemce
on mung bean crop was in Kurukshetra disf:ict being 3.48 per
centi 3.8l per cent and 4.65 per cent dufing'l975, 1976 and-

1979 mespectively'folidmed bf Sonepaf Ambaia, Kaf%al Jind,
Rohtak, Sirsa, Gurgaon/Farldabad There was no disease .in -
Mohlndergarh Bhiwanl and Hlssar dlstrlcts in 1975, 1976 andr
1979 (Table 2) durlng summer season. Since urd bean crop
was not avallable in summer season there is no data of
disease incidence in urd bean crop for these years (Fig. 2)
Data also 1nd1cate that dlsease incidence durlng kharif

was maximum in Rohtak district 1. e. upto 34.63 per cent

in mung bean ( Table 3, Fig. 1 ) and upto 37.13 per cent



Table 2, Occurrence of leaf crinkle disease in‘differen£
districts of Haryana during summer season of
1975, 1976 and 1979 on mung bean_cv,Pusa Baisaki

Name of the district o Per cent disease*
1975 1976 1979
Ambala 2,36 . 3.24 _l 4,62
Bhiwani | . 0.00 0,00 -
Faridabad \ x : X if ' -
Gurgaon - 1.39 2.23": 0.00
Hissar 0,00 0.0 . 0.00
Jind ' 2,08 3.05')_“ 2,90
KaTnal 2,29 3.%3": 2.80
Kurukshetra - ~ 3.48 3.8L 4,65
Mohindergarh 0400 0.00 -
Rohtak  1.54 2.68  2.87
Sirsa 1,07 2,45 -
Sonepat . 2,61 . 3.47 4.56
% = Number of disease'd_plantsa X 100

Pgr‘cent disease = Total No. of plant counte

I}

Variety not found

District did not exist.

*
I
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EXPLANATION OF FIG. L '

-

( “on” back’ side’ )



FIG., L

Bar diagrams indicating the

occurrence of leaf crinkle
disease in different districts

- of Haryana during summer and

kharif seasons of 1975, 1976
and 1979 on mung bean c¢vs,
Pusa Baisakhi, J-45 and Varsha,

L
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EXPLANATION OF FIG,.2-

(‘_ on :back' side )



FIG. 2  Bar diagrams indicating the

g occurrence of leaf crinkle ‘
disease in different districts
of Haryana during summer and
kharif seasons of 1975, 1976
and 1979 on urd bean cvs.H 70-3.
Mash 1=l and T-9,
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in urd bean (Table 4, Fig, 2);‘fol;owéd by Jind(29.3 and
30.9 pér ceht), Sonepat:(26;24 and'25.95 pér'ceht), Karﬁél
(25,25 and 26,25 per gent),.KurURﬁhetra (22;7dﬂand 23,50
per cent);iAmbalé (l9.35'and 20,25 per'cenf); Sirsa {20.0
and 18;0'§er éént);‘Higsaf (18.93 and lS.O.ber cent),
Faridabad (15,50 and 17,00 per cent), Gurgaon (16.43 and
8.82 per.éént), Bhiwani (9.76 and 10.1? per cent) and
Mohindergarh (8.67 and 18,0 per cent) distfictsr However;
occurrenéé of the diséése‘waé more in urd bean crop than
mung bean in all the @istricts of Haryana (Tables 3 and 4,
Figs 2 and 3). Among mung bean cvs. under survey mung bean
cv. Varsha had maximuﬁ'disease incidence followed by J-45
and Pusa Baisakhi (Table 3; Fig.,l). Among‘urd.beén cvs. l
under survey urd bean cv, T-9 had more disease incidence

than Mash 1-1 and H 70-3 (Table 4, Fig. 2).
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LSS IN YIELD

The :esﬁlts on 1ass,ia vield of mupg.bean cv,
Varsha -and urd bean cv. T;é are-presenfed iﬁ.Tables 5 and
6. It 15 evident from data that the yleld*loss varied from
2,12 per cent to 93. 98 per cent in mung bean cv, Varsha
(Table 5) and from 2, 82 per cent to 95 17 per cent in urd
bean cv, T-9 (Table 6) dependlng Upon the stage of plant
growth at which infection occur;ed. Data-alse indicate
that if the plant Qof infected early}‘the loee was more.
The Yieid lessiwas.very'little and statistically'non-signi—
ficant' in plants in whieh.leaf crinkle symptoms appeared at
later etage i.e. about 34 days after sowing in mung bean cv.
Varsha ana‘about 44ldaYS'after eowing in ufd‘bean cv, T- 9;
Table 5 indicates that in cv, Varsha when dlsease appeared
W1th1n 34 days after sowing, there was statlstlcally 51gn1--
flcant.reductlon in yleld components i.e. peds/plant, seeds/
pod, lOOQ grain weight and yield per plant resulting 77.88
per eent‘fe 93.98 per cent loss‘in vield. When disease
appeared after 34 days of sowing 1ts effect ‘on pods/plant,
seeds/pod, 1000 graln‘welght and- yield- per plant was statis-
tically non51gn1f1cant§ Table 6 indicates that there was
statistically significant'reduction in pods/plant, 'seeds/pod
1000 grain welght and yield per plant in urd bean cv. T-9 if
the dlsease appeared within 44 days after sowing resultlng

49.73‘per_cent to 95.17.per_cent,loss in yield. When disease
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'appeared after 44‘days of eowing its'effect'was statistii
cally non-srgnlflcant on pods/plant, seeds/pod 1000 graln
weight' and yield/plant,

 EFFECT OF TEMPERATIRE AND HUMIDITY ON
DISEASE INCIDENCE AND DEVELOPMENT

‘ Meteorologlcal data on temperature and humldlty
and the observatlons on dlsease 1n01dence and development.
during summer and kharlf seasons on- urd bean cv, Krishna
durlng_1975; 1976 and 1979 under natural COndltlons at |
H.A.U, Earm,Hissar are presented in Tablesi?,fgrand 9,
respectively, o | |

' The data indiéete'that when there mae'average
maximum temperature_around 35°C, aVerege minimum temperature
around.25°c)'average morninglrelative'humiditytmore than
70 per cent and auerage‘evening'relative humidity more than _
- 50 per cent the leaf crinkle symptoms were more conSplcuous.
Data also 1ndlcate that when the plants remained exposed for
a week_to_38 - 45 C in morning relative humldlty around 60
per cent and evening relative'humidity'eround 40 per cent,

the leaf crinkle stptoms did not appear.;THowever disease
'symptoms were observed when maximum temperature was not

more than 37°C for about a week . with slight more bumldlty. ?
The disease symptoms were not observed even if the tempera-

ture came down beiow 37° c Wlth sllght ‘more humldlty for

- .

A

s
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about a week if the plants were already exposed to 41 % -
45°¢c contlnuously for a week (Table 8) or to more than 47°C
even for a day (Table 9) in mornlng per cent relative humi-
dity around 45 and’ evenlng per cent relatlve humldlty around

20,

TRANSMISSION

. . - -
Mechanical transmission 3

The virds wae,easily trahsmiseible;by-mechanical
means. ‘The mechanical transmission was more efficient when_
1noculum {sap) was prepared ‘in phosphate buffer rather than
in water and when carborandum powder was used as abrasive
(Tables 10 and 1l). To see the effect of molarity and pH
of phosphate buffer ahd'the carborandum powder;as abrasive
on the efficiency of.meehanfcal'trahsmission, the disease |
leaves of'urd bean cv.ﬁKriehna were crushed in 0. dl - 0.5
molar phosphate buffer pH 6.0 -~ 8,00 separately. ‘Thereafter
inoculum prepared as above was rubbed with foreflnger with
or without ‘carborandum poWder (400 mesh) sprinkled over the

leaves before’ 1noculat;on. The results as presented in

Table 10 and 1l indicate that the efficiency of mechanical

transmission was maxlmum when the 1noculum (sap) was. prepa-

red in 0 1M phOSphate buffer, pH 7. 0 and when carborandum

powder was ueed as an abrasrve.




Table 10, Effect of milar concentrations of phosphate
buffer pH 7.0 and carborandum powder on
mechanical transmission of leaf crinkle virus

Phosphate ~  Without carborandum With- carborandum-

buffer powder powder

(molar) Plants inoculated/ Plants inoculated/

infected : --infected

0.0L - 15/0 - 15/5

0.05 15/1 15/9

0.1 | 15/2 | 15/11

0.15 , 15/1 . 15/10

0.2 __ 15/1 15710

0.3 - 1 15/0 15/8

0.5 15/0 | 15/5

Water . 15/0 ] L5/2




Table 11, Effect of different pH of O.lM phosphate
buffer and carborandum powder om megchanical
transmission of leaf crinkle virus

Buf fer Without carborandum With carborandum

pH : powder : - powder
Plants inoculated/ Plants inoculated/
infected : _ - infected
6.0 ~ 1572 | 15/3
6.2 15/5 | | ',. 15/7
6.4 | 1576 157
6.6 - ©15/8 " 15/9
6.8 - ~ 15/10 15/12
7.0 15/11 15/14
7.2 15/10 15/12
7.4 15/10 15/13
7.6 15/10 | : 15/11 *
7.8 | 15/8 | 15/10

8,0 : 15/5 15/6
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;
The effect of plant age on the eff1c1ency of
mechanlcal (sap) transm1351on or on susceptlblllty of
plants Was studied by 1noculat1ng the plants of urd bean
"cv, Krishna at different: stages of plant growth The results
aTe presented in Table 12 Wthh indicate that all the stages'
of plant growth are not approprlate for mechanical trans—f
mission or the plants were not equally susceptlble to leaf
'crlnkle virus at different ages Younger the plant more the
efflclency of mechanlcal transmlsSLOn ‘or the younger the
plant more 1t is susceptible, The hlghest transmission or
susceptibility was recotded ﬁheh‘the elants_were inoculated
at the. age of 7-14 days (Table 12). The plants were not

lnfected when mechanlcally inoculated at the age of 49 days._

Insect tran5m1551on HA

Two aphld spec1es i.e. Aphis craccivora Koch.,

Aphis gossypii Golv., one beetle i,e. Aulacophora fevicaulls__

Lucas.and one white fly i.e. Beme51a tabaci Genn. were used

to transmit the leaf crinkle virus, The results obtained

are presented in Table 13 which indleate that the A.craccivora
and A.gossypii transmitteddthe virus after 5 hin.acquisition'
feeding butlwhen‘theee.aphide were given 2 hl_acquisition

= feeding‘ae evidence of'transmlsslon of the Qirus was obtain-

ed., A.fevicaulis and B.tabaci neither transmit the. virus

afte:”5_min.acquisitioh feeding ner'afterl2 h acquisition
feeding. &Lcraccivora and g.gossxgiivtransmitted the virus




Table 13, Insect transmission of,leaf”criﬁkle virus of u
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i

-~

ntrol )

transmission.

rd bean
? Insect ,“'Acquisition No. of. . Plants Per cent
o feeding ~ insects/ ~inf./inocu- trans-
period __plant . .. lated mission
~ Aphis craccivora 5 min. 1 .E0/20 0.00-
' - | 2 - 0/20 0.00
.5  5/20 25,00
- lo _ . 10/20 50,00
20 0 14/20 70.00
30 . -l4/20 70.00
2 h No frénsmisSiohr
Control{No virus ' ! .
acquisition feeding) O transmission
Aphis gossypii 5 min, 1 9/20 0,00
: o 2 0/20 0.00
5 - 4/20 20,00
10 - 10/20 50,00
20 12/20 60.00
30 12/20 60.00
' o 4
2 h No transmission
‘Control(No virus .
acquisition feeding) No transmission
Aulacophora 5 min. No transmission
fevicaulis 2 h No transmission
Bemisia tabaci - 5 min. No transmission
’ 2 h No transmission
No insect { co No




25

f

i upto 70 per cent plants and Upto 60 per cent plants after

5 min. acqu191tlon feedlng using 20 1nsects,per plant. Data

also 1nd1Cate that the virus is non-persistent.

L . i
I

Seed transmission ‘:

The results of seed transmlsslon are presented in
..Tablesl4 and 15 which 1nd1cate that the leaf ‘erinkle VlruS'
was seed transm1351ble. It is eV1dent from Table 14 that .
average.seed transmission'was 21.32 per cent being 20.03,
22.20 and 21,73 per cent during 1976, 1978 and 1979 respec'-'
tively. Tabie 15 indicates that the per cent seed trans-

| mission_decreased.asAthe age of the plantsFat the time of
inoculation/infection increased The maximum'fransmission
of the virus through seed was ebserved when the plants were.

inoculated at 7 days age being 58.97, 63,33 and 63.04 per
cent durlng‘l976, 1978 and 1979, respectively.
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HOST RANGE AND HOST REACTIONS J
- Following lo‘cdltiVated‘and_5 weéd blant species

were found susceptible to the virus_afteripéqhénical inocu-

lation ¢
Family I Plant Spécies
Amaranthaceae ; : Gomﬁﬁreﬁa globoéa L.
Ctholvulacéae | *thVOlVUlUS:arVQHSiS L.
Euphorbiaceae o 'Ricinus communus L.var.Aruna.
sLeguminosae Dolichus lablab'L;,lecine mé#
| | ﬁar.Brggg. Phaseolus aconitifo-
i lius Jacq., %ar.Pﬁ.68-O4 and -
Ph 222, g.vﬁlgaris L.vars.Pinto
“and Séxa. Vigna catjangrEndl;'
(Cholai beaﬁ), E;radiaté (L.)
Wilczek, E.mgggg(L.}Hepper;A:
V.sinensis Savi vars4PT 194207
and HEC 42-1, |
‘-‘:'Solanéceae | o *hétuéé stfémonium Ley *Q.ggﬁg; L.

*D,metaloides L. and *D.incrmis L.
“The symptoms‘éppeared on susceptible
hosts are described in’Table 16,
Following 39 cultivated ahd 18 weed plant species
were not infected with thé‘ﬁirus after mechanical inoculation:

1



Family

Acanthaceae

Amaranthaceae

~

Cannabinaceae

Chendpodiaceae

Compositae
Cruciferae

Cucurbitaceae

Cyperaéeae

Euphorbiaceae

99

’

Plant species : /

#Justicia quinqueandqularis Koen.

*AchyranthesiéSpera Le

*Amaranthus spp.,*Celosia

-

.afgentia L.

¥Digerira arvensis Forsk.

#Cannabis sativa L.

#Chenopodium amaranticolor Coste .

‘and Reyn., *¥C.quinoa L.,

Spinaceae oleraceae L.

“#*Yanthium strumarium L,

Brassica oleraceae L,var Hissar 1.

Cucumis sativus L., Momordica

‘charantia L., Citrullus vulgaris

Schred, Cucumis melo L. var.

Momordica, Benincasa hispidaf{Thums)

Cdgn,_Citrullﬁs'vulgaris Duthie

and Fuller var,Fistulosus, Luffa

acutanaula (ﬁ;)ﬁoxb Lagenaria
vulgaris L. o |

#Cyperus rotundus L,

#Euphorbia hirta L.,

%g.microphylla He?ne,

- #phyllanthus niruri L.
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' Graminae o Sorghum vulgare Pers.var JS 20 )

- Avena satlva L. vars WEston-ll and

"HPO ll4 Pennlsetum typh01deum

Staff and Hubb.‘var NHB 3, Oryza

sativa L., Hordeum vulgare L.,

'.Ir;t;cum sativum L., vars.C 306,
K 227 and S 308:I“

Leguminosae » Arachis hypogea'L. var. MH-l,

‘Cajanus. cajan MilSp var. Prabhat

Cicer arietinum. L., Cyamopsis

' tetragonoloba (L.) Taub. vars FSZ

FS 277, Long poded and Pusa Alibahar,

Lathyrus odoratus L.,Phaseolus

. ¢occineus L,var.Kehtucky wonder,

e g.vulgaris"L.vaféQ Bountiful,Striﬁpéd'
'bountiful, EC 19037, Dutch costeknife,
4Top ¢rop, and coﬁtehder P.lunatus L.,

Pisum sativum var, Multlfreezer,

V1c1a faba L., Vlgna ungu1culata(L.)
Walp var., Blackeye 5.. '
Malvaceae - _Hibiscus esculentus Moench,

V- ‘ . a

Gossypium hirsutUm‘L.var.‘Hl4,

'G.indicum L., var. G 27,

Trianthema'monogyha L¥,



Nyctaginécéae
pedaliaceae
Polygalacéae
Portulaceae

Solanaceae .

61

*#Boerhaavia diffusa L. .

Sesamum indicum L.

k*Polygala chinensis L.

*Portulacéloleraceae L.

Lycopersicon esculentum Mill vars.

8 12, HS 1oL, HS'lOQ and Marglobe,

Capsicum frutescens L., C.pendulum L.,

Nicotiana tabacum L. vars.Xanthi,

‘White Burley and Samsun, N.glutinosa

L., N.rustica L.;**ﬂ;plumbqginifolia

Viv., Petunia hybrida Wilm.,

Solanum molongena L.

* = Weed plants.
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Table 1l6. Reactlons/symptoms on susceptlble hosts
- after infection w1th leaf crinkle virus

Plant species

Symptoms

V.munqo (L. JHepper

V.radiata (L.)Wilczek

V.sinensis Savi

var, PT 194207

\n

i

. Under natural conditions the first

symptoms‘usually,éppéared about

~ 22-25°days after sowing. On sap
: 1noculat10n the synptoms appeared

about 15 18 days after inoculation.

Generally the third trifoliate leaf

. showed the symptoms first by .an

increase in size and lighter green

colour followed by conspicuous

‘crlnkllng on the upper surface,

rugosity and malformation. Leaf
tip curved downward and plant stun-

téd. Inflorescence looked bushy,

‘flowering and pod formation suppre-

ssed,

(Plate 1 Fig.ii, Plate 2 Figs.i, ii

& iii),

-do- (Plate 1 Figs. i & iii).

Syétemicaliy infected 'young leaves

Vbedame dark green in colour followed



EXPLANATION: OF. PLATE = L
~ { on back side )
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(=

e

e

e

e

I

twng bean leaf lets:; (healthv) showing
no symptoms (a), mi
(c

, aAnd severe

1d symptoms (b},
moderate symptoms )

symptoms (d) of leaf crinkle discase.
P

Urd bean leaf lets: (healthy) showing

no symptoms (a), mild symptoms (b),
moderate symptome (c), and severe
a {

symptoms (&) of leaf crinkle dicsease.

A twig from healthy plant (a) and a
twic from leaf crinkle disease plant(b)
of mung bean. The twig from discase
plant (b) showing leaf crinkling,
rugesity and malformation of leaf
lamina, bushy appearance of inflore-

scence -and no pod formation.



PLATE 1.

(a) (b)

(c)

(a)

(c)

Fig.



PLATE 2

Fig. i

= Urd bean leaf showing characteristics
leaf crinkle symptoms,
Fig, ii = Urd bean pods from healthy plants

(upper row) and from leaf crinkle
disease plants (lower row), The pods
from disease plants are distored and

reduced in size., -

Fig.iii = . Urd bean seeds from pods of healthy
P "plants {a) and from pods of leaf
crinkle disease plants (b). The
seeds from disease pods are small
in size. '



PLATEZ2.

(a) (b)
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by severe mosa%%,‘leaf curling and
reducfipn in leafuéize. Symp%oms
appeared 2-3 weeks after sap
inoculation. (Plate 3 Fig. i ).
var.HFC 42-1: - The sap inoculé%ed‘primary'leéves'
o developed_small'necrotic lesions
about 9-10 days after inoculation
followed by typical.severe sysfemic
mosaic.iﬁ uninoculated trifoliate

leaves after 15 days of local lesion

appearance. (Plate 3 Fig. ii ).

V.catjang Endl. ~ When leaves were inoculated with
h " crude extract from infected leaves,

only systemic mosaic symptom on:young
leaves appeared'about l4-18 dayé after’
inoculation. (Plate 3 Fig. iii ).
When‘léaves were ibf9ctgd_with "
.ﬁurified virus, necrotic local
lesions.appeareq‘on primary and tri-
foliéte leaves about a week after
inoculation followed by systemic
mosaic on uninoculated trifoliate
leaves about 1-2 weeks after apﬁeaf-‘
ance of local lesions. (Plate 7 |

Figs, i & iii ).




EXPLANATION OF PLATE. 3

(" on back side )



Plants of Vigné sinensis var.
PT 194207 showing severe mosaic,

T}
P'
Q.

.
"
It

‘curling. and reduction in size of
young leaves after systemic infec-
tion with leaf crinkle virus,

Fig, ii = Primary leaves of V.sinensis var.
HFC 42-1 (lowest two leaves)
showing distinct small necrotic
local lésidﬁslld:days'after5inocu-
‘lation with leaf crinkle virus. The

.-+ trifoliate leaves showing severe

o sysfeﬁic mosaic on the same plant
after 15 days of local lesion
appearance on primary leaves,

]

Fig.iii = Cholai bean (V.catjang) plants
S showing systemic mosaic on moung
leaves after infection with leaf
crinkle virus.



PLATE 3.




P.,aconitifolius Jacq.

P.vulgaris L.

var,Pinto

var.Sexa

D.lablab L.

R.communis L.
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Crinkling and mosaic mottliﬁg in .

systemically infected leaves,25-30

days -after sap inoculation of the
plqnté. Plants became stunted,
inflorescence bécame bushy,f lower
and pod setting suppressed.

(Plate 4 Fig, i).

Necrotic lesions on inoculéted_
primarf leaves 10 days after inocu~-
lation. No systemic infection. -
(Plate 5 Fig. ii ).

Chlorotic mosaic about 22-25 days

after inoculation,leaf size reduced

and occasional rolling of leaves
was also seen,

(Plate 5 Fig. i )f

Small pin point necrotic 1oca1'”
lesions on inoculated leaves about
10-12 days after sap inoculation,
No systemic symptoms.,

Necrotic lesioné‘oh inoculated
leavés aBout 9in days after sap
inoculation, No systemic symptoms.

(Plate 4 Fig. ii ).



EXPLANATION OF PLATE ~4°

{ on back side )



PLATE 4

Fig. i

Fig. 1i .

Ik

I

Leaves from healthy plant {a) and
from leaf crinkle disease plant(b)
of Phaseolus aconitifolius. Crinkling

and mosaic mottling are clearly visible
in diseased leaves (b).

lLeaves of Ricinus communis showing

distinct necrotic local lesions
10 days after sap 1noculat10n with
leaf crinkle virus.



PLATE A&.

Fig. |

Fig. Il



G.globosa L.

G.max (L.) Merr.
var, Bragg

D.stramonium L.

I_)_.me‘tEl L.

D.metaloides L.

—

D.incrimis L,

C.arvensis L.

65

Chlorotic spots on inoculated

f

 leaves after two to three weeks

.of sap inoculation, No systemic

symptoms., (Plate 5 Fig, iii),

-~ Two to three wééksrafter sap

inoculation,the infected plants
showed ﬁalformétion and reduction
iﬁ size of the leaves. Length of
ihternodes drastiﬁally‘reducéd

and the planté'beﬁame stunted,
Necroﬁic lesions about 20 days
after sap inoculation. No systemic

symptoms. {(Plate.6 Fig. i).

~do-
~do-

~do=- _

After two to three we%ks of sép
inoculation,the infected plants
showed reduction;in size of leaves
exhibiting crinkling and mosaic
mottling, Inflorescence became
bushy,internodes increasgd in
length and reduced in thickness,

(Plate 6 Figs. ii & iii).




EXPLANATION OF PLATE .5 .

"{ on back side )



PLATE S
‘Fig. i
Fig, ii
Fig. 1ii

il

Plants of P.vulgaris var.Sexa
showing chlorotic mosaic, leaf
size reduced and downward
rolling of leaves after systemic
infection with leaf crinkle

virus,

A primary leaf of PB,vulgaris var,
Pinto showing distinct necrotic
local lesions 10 days after sap
inoculation with leaf crinkle
yirus.

A leaf of G.globosa showing
chlorotic spots 3 weeks after
sap inoculation with leaf
crinkle virus.



PLATE 5.




EXPLANATION OF PLATE '6°

. .( on back side )



" Fig., i

Fig., 11

Fig, 11l

Leaves of Datura metel showing

necrotic local lesions 20 days
after sap inoculation with leaf
crinkle wvirus,

Convolvulus arvensis healthy
plants{a) and leaf crinkle
infected plants (b). The infected
plants showing reduction in

leaf size, leaf crinkling and

mosailc mottlihg.

A part of healthy plant {a) and

leaf crinkle infected plant (b)
of C.arvensis., The leaves of
infected plant are showing crink-

'_ling,mosaic mottling and reduction

in size,
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PHYSICAL_ PROPERTIES OF THE VIRUS

!

Dilution end point : The results obtained are presented

in Table 17 which lndlcate ‘that leaf crinkle v1rus remalned

infectious ‘upto the dilution of 1l:l OOO

Thermal inactivation point : Leaf crinkle wvirus in leaf

extract with stood heating for 10 min.at 64°C (Table 18)

and not beyond,

Longevity in vitTo :  rhe results obtained are presented

in Table 19 which iﬁdicate that leaf crinkle virus remained
infective upto 3 days at room temperature'(35oc + 2°c) and 9

days when stored in a refrigerator.

PURIFICATION OF THE VIRUS

"Attempts were made to purify the virus employing
different methods such as adjustment of pH, precipitation
with salt ( ammonium sulphate) and treatment with organic
solvent i,e. chloroform:butanol'(l:l),.Sephaeex (G=25 and
G-50) filteration and differential centrifugation, The |

results obtained are as under :

a) Adjustment'of_pH :.

Yhen clarlfled extracts from healthy and dlseased
leaves were adjusted to pH 5.0, 4 5, 4,0, 3 2 and 3.0 sepa~
rately, there was precipitation in the solutlon. The resul=-

ting preC1p1tate from healthy and diseased leaves after

1



Table 17, Dilution end point of leaf crinkle virus of urd bean

Dilution : -~ Number of plants,: - Number of plants
, inoculated o infected
1:1 . 25 .=j. 24
1:10 25 . 24
1:100 . 25 o 23
1:1000 25 . 7
1:10000 : 25 | 0
1:100000 25 | 0

1:1000000 25 h ‘0




Table 18, Thermal inactivation point of leaf
crinkle virus of urd bean '

+

Temperature Number of Number of
o Plants Plants
C inoculated : 1nfegted
40 25 2L
45 25 a9
50 25 | 18
52 25 18
54 25 | 14
56 35 12
58 25 8
60 25 7
62 25 5
64 25 5
66 25 0
68 25 0
70 25 0
72 25 0
Control 25 23

(unheated sap)




Table 19. Longevity in vitro of leaf crinkle virus of urd bean

Storage : : : Temperature ;
period — . ~
(h ) = Room temperature ° . Refrigerator
S (35% + 2°%) - |
No; of plants "No; of plants
inoculated/infected ' inoculated/infected
0 (Control) . 20/20 . 20/20
12 20/13  20/19
24 20/8 . 20/19
36 . 20/6 o 20/18
48 20/2 . 20/18
60 20/1 - 20/16
72 20/1 T 20/15
84 | 20/0 S 20/14
96 20/0 | 20/12
108 " 20/0 C U 20/11
120 20/0 . 20/10
132 - 20/0 1 20/8
144 _ 20/0 | 20/8
156 ' - 20/0 T 20/8
168 20/0 e 20/5
180 20/0 - 20/3
192 20/0 2042
204 | © 20/0 20/2
216 20/0 20/1
228 - 20/0 20/0
240 ' . 20/0 S 20/0
252 - 20/0 . 20/0
264 20/0 . . 20/0
276 © 20/0 - 20/0
288 . 20/0 - 20/0

300 ' -~ 20/0 . 20/0
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being dissolved in O,LM phosphate buffer pH 7.0 did not
show any infectivity. The UV spectrum (220 - 300 nm) of |
these solutions did not. indicate highest absorption at 260 nm.

The colour of these solutions was greenish Yeilow.

b) Precipitation with salt and. treatment with organic solvent:

The final preparations obtained from healthy and\
diseased leaves after repeated precipitafioh of the clear
gextract with ammonium sulphate were greenish yellow. It was
neither infective and nor showed highest absorption at 260 nm

when W spectrum (220 - 300 nm) was recorded..

The clarified extiacts obtained fiom healthy and
diseased leaves after chloroform butanol (l: l) treatment were
tested for infectivity and thelr W spectrum was determlned
Some infectivity (Plate 7 Flg itb) was observed in clarlfied
extract from dlseased‘leaves which was not found in case of
clarified extract from healthy leaves (Pla#e 7 Fig. tia).

None of the preparation indicated highest absorption at 260 nm.

c) Sephadex {G-25 and G-50) filteration :

The.results of virus.porification'by-Sephadex G-és.
and by'Sephadex G-50 are presented in Figs. 3 and 4. Results
with Sephadex G-25 (Flg. 3) indicated thaf the highest opti-
cal denslty at 260 nm was in fractlono between 6 to 12 but
fractions 8, 9 and 10 only were 1nfect1ve:(Plate 7 Fig.ii b)

which were greenish yellow in colour, Further purification



EXPLANATION OF FIG. 3

( ‘on back side )



FIG, 3

Curves showing optical density(0.D.)
at 260 nm and infectivity of the
fractions collected after filteration
of standard extract from diseased
leaves cv. Krishna through Sephadex
G-25 column, |
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EXPLANATION OF FIG, 4

{ . on back side )



FIG. 4 Curves showing opt;j_cal density (0.D,)
at 260 nm and infectivity of the '
fractions obtained through Sephadex
G-50 column, -
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of infective fractions (18 + 9-+ 10) bnyephadex G-50findi;
cated'(Fig. 4) that-noné of‘the'fraétions obtained after
filteration with Sephadex G-50 was infeétiﬁe.though the
highest descending optical density value;atééo nm was in
fractious 13, 12, 14 and 1l. The W Spectium (220 - 300 nmj
of these four fractions was recorded. It was found that none.
of these four fractions showed highest absorption at 260 nm

indicating absence of the virus.

d) Ultracentrifugation/differential centrifugation :

Purification by ultracentrifugation/differéntial
centrifugation was done in different stages as under:
STAGE L : .

Standard extract from healthy(H)/
dlgeased () leaves.

(200 ml)

#

Centrifuged at 30,000 T.p.m. for 2 h at O - 4°¢
(High speed centﬂlfugatlon)

Pellet collected : L SUpégntant
. S discarded

Suspended. in 20 ml of
- 0.1M phosphate buffer
pH 7.0 and centrifuged
at 10,000 r.p.m.{Low
speed centrlfugatlon)
for 15 min at 0 - 4°C,

Pellet(insoluble material) - Superntant collected
) discarded o _ ‘ . : ,

Tested for infectivity
(Plate 7 Fig. ii) and W
- spectrum determined

{Fia,5 HL 2 DLY,"*




12

’ . /
Diluted 4 times with
0.l M phosphate buffer -
pH 7.0 and centrifuged
‘at 30,000 r,pem. for 2 h

at 0 - 49C,
1 ) - ‘ " :
Pellet collected ‘ Superntant discarded
Suspended in 20 ml of -
0.1 M phosphate buffer
pH 7.0 and centrifuged .
at 10,000 r.p.m, for
- 15 min.at 0-4°C,
I L |
e B -
_ Pellet(insoluble material) ' Superntant collected
discarded Tested for infectivity
(Plate 7 Fig. ii) and
UY Sp@Ct?um was deter-
mined (Plg. ‘-:3 H2 & D2)-
Diluted 4 times with 0.1M
.- phosphate buffer pH 7.0
and centrifuged at 30,000
I‘.p.m. ‘fOI“2h at O-4OC¢
( J { |
Pellet collected - Superntant discarded

| i
Suspended in 2 ml of

0.1lM phosphate buffer

pH 7.0 and centrifuged

at low speed 10,000 r.p.m.

for 15 min.at 0-4°C,

r - g .
Pellet(insoluble material) - Superntant &ollepted

discarded : Tested, for infectivity(Plate 7
' . Fig. ii). v spectrum was deter-
mined after diluting 1 ml of these
preparations to 10 times with '
0.1M phosphate buffer pH 7. '
(Fig. 5 H3 & D3). .



EXPLANATION OF FIG. 5 =

( on back side )



. FIG. 5 Curves showing UV spectra (200 - 300 nm) "
- of preparations.from healthy (H) and
leaf crinkle diseased (D) leaves of
urd bean cv, Krishna after Ist{(Hl & D1) ,
2nd (H2 & D2)-and 3rd (H3 &:D3) cycle
of differential centrifugation STAGE 1.
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Infectivity;of‘ﬁhe preparation HiL, Bl, H2,. D2, H3
8 D3 of differential centrifugation was tested on cholai
bean (V.catjang). DL, D2 and D3 did not~p£6duce local
lesions on inoculated leaves but systemi§ symptoms were
seen (Plate 7 Fig. iib) in 60, 65 and 45 ﬁer cent plants
respectively. Prepérations from healthy léaves (HL, H2 and
H3) did not show infectivity (Plate 7 Figs. ia & ii a)}. The
above results indicated that there was loss of infectivity
of the virus éfter 3rd cycle of differential centrifugation,
None of the preparatidn from either healthy (Hl, H2 and H3)
or diseased leaves (Dl, D2 and D3) showed highest UV absorp;
tion at 260 nm (Fig.'S).' The preparations were not consi-
dered satisfactory and further treatments were done as shown

in stages 2, 3 and 4.

STAGE 2 :

.~ To the standard extract from healthy and diseased
leaves chloroform:butanoi (L:1) was added in the £atio of
3:1. The ﬁixture‘was'shaken'well for 10 .min under cold con-
dition and then centrifuged at 10,000 r.p.m;.for 1% min.

The watéry phase was collected. This watery phase was sub-
jected to 2 cycles of differential centrifugation as in
Stage 1 abbve. The preﬁaratiohs thus obtained from diseased‘
leaves (DA) and healthy leaves (HA) were tested for infecti-
vity.usihg choiai bean as test piant. Preba:ation from

diseased leaves {DA) produced 35 local lesions per inoculated
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leaf bf cholai bean (Plafe 7 Fig., 1 d) fdl;owed by systemic
infection of uﬁinocﬁlated leaves (Plate 7 Fig. ii b). The
infectivity results were negative in case of preparation
obtained from healthy leaves (HA}, Plate.7 Figs. ia & ii a).
Preparation from diseased leaves (DA) but;qot from healthy
leaves (HA) showed higheét absorption at 260.nm when their
W spectrum was determined (Fig. 7). Thé'cplour of these
preparations from healthy and diseased leaves was slightly,
yellowish, The preparations were not considered satisfac-

tory and further treatments were done as shown in Stage 4.

STAGE 3 :

To the standard extract 8 per ceﬁ;'ﬁolyethyletic
glycol.(mbl; wt, 6000‘) and 1,2 per cent sodium chloride
was added, shaken well and fhe mixture was kept in a refri- ,
geratof over night. The precipitate appeared was collectedby low
papeed'centrifugationwand dissolved in 0.1M phOSppate buffer
pH 7.0, Insoluble material‘fromrthe solution was then
removed by low speed centrifugation (10,000 T.p.m.} for 15
min. The clear supernafantxnas subjécied.ﬁo 2 cycles of
diféeréntial centrifugation as.in stage 1 and 2 above. The
preparations thus obtained from healthy (HB), and diseased
(DB) leaves were greenish yellow in colour. The prepara-
tion from diseased leaves (DB) when inoculated on cholai

bean produced about 15 local lesions per. leaf (Plate 7

Fig; i b} followed byrsystemic infection pf uninoculated
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leaves(Plate 7, Fig. ii b). The preparafibn from heaithy
leaves was not infective (Plate 7'Pigs; 1 a & 9ia). However,
the preparation from healthy (HB) and diseased (DB) ;eavés
did not show highest absorptidn at 260‘hﬁ-when their W °
speéctrum were determined (Fig, 7). Further purification,

therefore, was done as shown in Stage 4,

STAGE 4

The procedure adopted for further}pﬁrification of
virus stage 4 is described in Fig.6. The purified prepara-
tions thus obtained from diseased (DC)'andfhealthy (HC)
leaves wefe colourless. These colourless preparations f:qm
diseased (DC) and healthy (HC) leaves were turbid and trans-
parent, respectively. These preparations were tested for
infectivity and thei? w 5§ectrum was also aetermined(Fig.7).
In the infectivity test on cholai bean thé‘purified prepara-
tion from diéeased leaves (DC) produced 125 local lesions
per inoculated leaf (Plate 7 Fig, i c) followed by systemic
infection of uninoculated leaves (Plate'7 Fig. ii b) in all
the inoculated plants. The.purified prépéfations from
healtﬁy (HC) leaves was not infective (Plate 7 Figs. ia and
ii a). This purified preparation from diseased leaves(DC).
alsbﬂshoWed highest ébsorption at 260 nm but not,thé onéf
(HC) from healthy leaves (Fig, 7). The preparation obta-
ined after following phe pfobedure in Stage 4 (Fig.6) was

the purified virus.,



Standard extraCt-from\diseaséd/healthy leaves
- ' 200 ml -

Added 3:1 chloroform butanol (l:l) shaken well
for 10 min. under cold conditions

. Centrifuged atrlo,oqo r.p.m, for 15 min,

I ‘ -
Pellet and chloroform Watery phase
phase discarded ‘ colle?ted ‘

Added 8% PEG + 1,2% NaCl, shaken well, kept over night in a
refrigerator and then centfifuged at 10,000 r,p.m. for 15 min,

Pellet collected - Supernﬂanf discarded

Pellet résuspended in 0.1lM
phosphate buffer pH 7,0 and
then the suspension/solution
was centrifuged at 10,000
T.p.m, for 15 min.

J o
Pellet (inéoluble material) Superntanf?lollected
discarded
Centrifuged at 30,000
r.p.m, for.2 h
| - —
Pellet collected Superntant discarded

}
Pellet resuspended in 20 ml of
0.1M phosphate buffer pH 7.,0.
The suspension/solution was
centrifuged at 10,000 r.p.ms
for 15 min, :

| ,
PellegrdiSCarded Superntan£1¢ollected
| Centrifuged at 30,000 f;p.m. for 2 h
' ‘ |
Pellet cgllected ' Superntant discarded

Pellet resuspended in 2 ml of
0.1M phosphate buffer pH 7.0

Centrifuged at 10,000 r.p.m. for 15 min,
L 7

f ' ,
Pellet (insoluble material) " Superntant collected
discarded . (Purified virus preparation)

Fig. 6. Flow diagram indicating the procedure followed
for the purification of leaf crinkle virus of
urd bean and mung bean, .
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gEIG. 7

Curves showing UV spectra (200-300 nm)
of preparations.-frem healthy (H) and

leaf crinkle diseased (D) leaves of urd
bean cv. Krishna oﬁiained with techniques
STAGE 2 (HA & DA), STAGE 3 (HB & DB)

and STAGE 4 (HC & DC) of differential
centrifugation. Among all the UV
spectrum curves the curve DC showed
higheét peak at 260 nm,
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EXPLANATION OF PLATE 7

A‘L(on back side )



PLATE 7.

Fig.. i = Leaflets of Cholai bean (V.catjang)

- showing necrotic local lesions one
week .after inoculation with purified
virus (b, ¢ and d). There are no
lesions on the leaflet (a) inoculated
with purified preparation from healthy .
leaves.

Healthy leaf of Cholai bean {a) show-
ing no symptom,&systemic mosaic {b).

Fig., 1ii

Diseased 1éaf'(b) showing systemic
. mosaic symptomg 10 days after local
lesion appearance on inoculated leaves.,



PLATE. 7

(2) (b)

(¢) (d)

Fig. t

(a)

Fig. li



o

Fig. i

Fig. 1ii

il

1§

Electron micrograph of purified
preparation of the leaf crinkle
virus of urd bean/mung bean at
20,000 magnification showing
spherical virus particles rnega-
tively stained with 2 % PTA pH 6.

Electron micrograph of purified
preparation of leaf crinkle virus
of urd bean/mung bean at 40,000
magnification showing spherical
virus particles negatiﬁély_stained
with 2 % PTA pH 6.



PLATE 8.

Fig. i
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Thermal inactivation point : suiweun 649 - 66°C,

-

Dilution end point : 1:15000% 12 10,000

Longevity in vitro: 3 days (room temperature 35°¢ + 2°C)
9 days in refrlgerator.-

Cryptogram : */%* ; %#/15,24 : $/S : S/Ap.

When the above mentioned properties_of the leaf
crinkle virus of urd béan.and mung bean were compared in
the literature it was observed: that this may be a new
virus and when this was compared with some closely related
isometric plant viiuées as shown in Table 20, it was con-
cluded that the léaf crinkle virus as désc:ibed in this
dissertation has greater similarities with pea enation
mosaic virus (Harrison, 1969) and therefore, may be grouped

with it.

PROTEIN CONSTITUTION

The resulféféﬁlproteiﬁ céﬁétituiionlof leaves of
resisfant'and susceptible varieties of mung bean (resistant:
L-24-2 and 15227 ; susceptible: PS-16 and Green mung) and
urd bean (resistant: DLU 90 and DLU 487; susceptible Krishna
and PES 364) are presented in Flgs. 8 and 9, Plate 9. Protein
constitution of mung bean and‘urd bean varieties was deter-
mined in 7 days old healthy seedlings and in leayeslof 27
days old healtﬁy anardi§ea9ed plants, The diseased leaves

were those which wére‘sap inoculated with the leaf crinkle
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-

virus on 8th day.after sowing. !
. ) ! !

Results iﬁdicated (Fig. 8, Plate 9) that reéigtént
(L-24-2 and l52§7)‘aﬁﬂ susceptible {P$-16 and Green mung)
varieties of mung bean had slow mobile 4 proteins except
in variety 15227 in 7 days old healthy seedlings. In
variety 15227 one more protein was present in 7 days old
healthy seedlings., This could be‘due'to varietal charac-'
teristic. With increasing age i.c. till 27 days after
sowing there was no change in number of proteins in healthy
leavés_of resistant varieties but in case of susceptible
varieties f.he:re_was a reduction in two prote.ins. After
viru5'ino§ula£ion {(done on 8th day after sowing) the numbexr
of proteins also did not‘chaﬁge in leaves of resistant
varieties though the-concént;ation of slow mobile proteiné
decreased and of faét mobile proteimsincfeaééd. In caéeudf
susceptible varieties the original 4 protéins Eifher diSéppf

eared .or changed into fast mobile proteins which did not
distinctly separate follbwing the technique as described
in maferial and methodsi(Fig. 8, Plate 9).

In case of urd bean 7 dayé old seedlings of resis-
tant (DLU 90 and DLU 487) and susceptible l_(}‘(rishna and PLS
364) varieties revealed 9 and 8 protein bands, respectively.
This.indicaied that one additignal proteihvvas present in
resistant varieties ésfdémpared to susceptible ones, In.

healthy leaves of 27_days old plants of resistant varieties



EXPLANATION OF FIG. 8 °

( on back side )



1G. 8

Densitogram curves of gels showing
protein pattern in healthy leaves

~of 7 days and 27 days old plants

and in diseased leaves of 27 days
old plants of resistant (R) and
susceptible (S) varieties of mung
bean to leaf crinkle virus.,
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EXPLANATION OF FIG, 9

( on back side )



FIG. 9 Densitogram curves of gels showing
protein pattern in healthy leaves
of 7 days and 27 days old plants
and in diseased leaves of 27 days
old plants of resistant (R) and
susceptible (S) varieties of'urdg
bean to leaf crinkle virus, |
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11,

12,

O

Gel show1ng 4 protein bands in 7 days old healthy
seedlings of mung bean var,L-24-2 r651stant to leaf
crinkle virus.

Gel showing 4 protein bands in 7 days.o0ld healthy seedllngs
of mung bean var, Green mung susceptible to leaf crinkle virus

Gel showing 4 protein bands in 27 days old healthy leaves of
mung bean var, L-24-2 resistant to leaf crinkle virus.

Gel showing 2 protein bands in 27 days old healthy leaves of
mung bean var. Green mung susceptible to leaf crinkle virus.

Gel showing 4 protein bands in 27 days old diseased leaves
of mung bean var. L-24-2 resistant to leaf crinkle virus,

Gel showing protein 2 or 3 bands in 27 days old diseased
leaves of mung bean var, Green mung susceptible to leaf
crinkle virus. It is clear that the proteins were fast
mobile which did not distinctly separate,

Gel showing 9 protein bands in 7 daYs old healthy
seedlings of urd bean var. DLU 90 resistant to leaf
crinkle virus.,

Gel showing 8 protein bands in 7 days old healthy
seedlings of urd bean var. PLS 364 susceptible to leaf
crinkle virus.

Gel showing 8 protein bands in 27 days old healthy
leaves of urd bean var, DLU 90 resistant to leaf
crinkle virus, . . -

Gel showing 7 protein bands in 27 days old héélthy
leaves of urd bean var. PLS‘364 susceptible to leaf
crinkle virus, ,

Gel showing 8 protein bands in 27 days old diseased
leaves of urd bean var, DLU 90 resistant to leaf
crinkle virus,

Ge . show1ng 3 or 4 protein bands in 27 days old
diseased leaves of urd bean var. PLS 364 susceptible
to leaf crinkle virus., It is clear that proteins
were fast mobile which did not distinctly separate.
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(DLU 90 and DLU 487) there wers‘8 proteép bands and of
susceﬁtible varieties (Krishna and PLS 364) there wef; 7
protein bands (Fig. 9 Plate 9) Thus there was decrease
in one protein with the increase in-age in leaves of both
r651stant'and.SUSC?ptlble varletles of urd‘bean plants.

The number of proteins did sot alter aftér virur inotuia—
tion (done on 8th day after sowing) in leaves of resistant
varletles of 27 days 0ld urd bean plants. In diseased
leaves of susceptlble varleties, the characteristics 7
proteins as exhibited in healthy leaves of 27 days old
plants,-either'disappeared or changed into high concentra- |
tion of fast mobile proteins as is clear from intense colo-
ured bands {Fig. 9, plate 9) whlch did not dlstlnctly sepa-'
rate following the present technique. The susceptibility/
resistance of urd.beanfand mung bean thérefsre seemed to
depehq Upbn the s?hthesis of fast mobile proteins or on

how much slow moblile proteins changed into fast mobile

proteins -during virus multiplication. = o

CONIROL MEASURES

RESISTANCE/SUSCEPTIBILITY OF MUNG BEAN
AND UBD BEAN VARTETI ES/GERMPLASH

Results on varletal/germplasm screening of mung bean
and- urd bean to leaf crinkle virus under natural conditions
and after artificial inoculation i.e., after sap inoculation

in the screen house under insect proof conditions, are
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presented in Tables 21, 22 and 23, Highly-resistanﬁr(HR),
resistant (R), moderately susceptible*(MS); suscepfiblé(s)
and highly susceptible (HS) varletles/germplasm lines were

1dent1f1ed on the basms as presented 1n Table 1,

Out of 390 mung bean Varletles/germplasm lines
screened under field- condltlons, 9 were hlghly r8518tant
71 resistant, 216 moderately susceptlble, 89 susceptlble,
and 5 hlghly susceptlble (Table 21).

The results-of field ecreening;of urd bean\varie-
ties/germplasm 1iné; (Table 22) indicated that out of l38
variefies/germelasm[lines screened, ll-weré-highl& resis-
tant, 28 resistant,/7b moderately susceeeible, 27 suscep-

tible and 2 highly"éusceptible.

Varleties/germplasm lines of mung bean and urd bean
found highly r951stant under field condltlonxmere selected
and further screened . -after sap lnoculatlon in the screen

house under 1nsect proof condltlon. The results (Table 23)

1ndlcated that none of the selected varleties/germplaSN lines

of mung bean and urd beaniwere found highly resistant., Two
varieties (L-24-2 and 15227) of mung bean and two varieties
(DLU 90 and DLU 487) of urd bean were found resistant.

Rest of the varleties were moderately susceptlble suscep-

tlble and highly susceptlble (Table 23)



Table 21, Screening of mung bean varieties/germplasm llnes
for resistance/susceptibility to leaf crinkle
virus under field conditions = - !

Total varieties/germ plasm - #_ﬂ4390

Highly resistant (9) : l5l76 15225, 15227, 15229, 15277,
L-24-2, ML-5 T-44 and T-51. .

Resistant (71): 52-2 .56-2, 57-3, 60~ l 64-2, 67-2, 73-2,
75=5, 77-l T1=4, 77= 6 84-4 -B4-6, 86-l 92-2, :
147, 15127 60081 Culture 2 H 70-101, HyH- l2 14,
K-141, Khella-l0Q, L-696-1, LC-1177-9-6-2B, LC-15225-1,
IM-6, LM 10, LM 30, LM 35, 1M 42, L 45, LM 52,
LM 56 LM 62, 1M 64, LM 68 LM 71 LM 90, LM 109
IM 139, LM 147, LM 149, LM 153, L 154, LM 204,
M 209, Li-226, LM 360, LM 37L, LW 374, LM 424,
LM 427, LM 431, MG 40, MH 2, MH 58, MH 61, MH 120,
MH 128, MH 129, MH 143, ML-3l, No. 127, P 43-67,
PIM S-g PIMS-4, PTMS~-5, PM-146, Pusa Baisakhi
and T ' : L. ‘ :

Moderately susceptlble (216) : 441, 5-3-8, 10/133, 11/99,

T ll/135, 12/133, 40-1, 54-1, 545, 56-1, Dé6-4, 57-2,
58-1, 58-2 58-3 59-2 59-3 59-4 63-3, 64-6,
67-1 67-4, 77-3, 84-5, 138, 1l38-l1, 140, l42-1,

189=-4-1, 237 6l6, 1476, 11157, lll65 14701 B-l
B-11, BR-Z CE S 87, Cot I, Cot =16, Cot 70,

Cot 71 D-2-l5 D-45 6, EC 27515 EC 98451, G-40,
GC 192, GL 182 Gugrat-I Gquat—2 H 12.7, H 70-3,
H 70-5, H 70-7, H 70-L0, H 70-14, H 70-18, H 70=21,
H 70=- 68, anumangarh HYH-4-3A, HP-6, 1/c-1008-
13-2-5A. i/c-1008-132-5B, i/c-1160-1-12B,
i/c-1109-1-5B, i/c-1204=-3-2-2B, i/c~2030- 5
i/c=15277, i/c-16401, i/c-2184, J-2, JO-70,K=-851,
Kardhar, Kishangarh, Krlshna—ll LamGG 122, Lam

GG 127, LM-l, IM-2, LM-4, LM-7, IM-9, LM-lQ, 1M-14,
{M 15, IM 16, LM 18, LM 20, LM ‘23, LM 34, LM 44,

M 50 LM 51, LM 59, LM 82, LM 95, LM 105 IM 126,

LM 130, 1M 133, U4 142, LM 144, U 162, LM 142,
(M 151, IM 162, LM 167, L L74, LM 194, LM 201,
(M 219, LM 221, LM 227, LW 232, LM 233, LM 235,
LM 241, IM 242, LM 243, LM 245, LM 248, LM 250,
IM 251, LM 253, LM 260, LM 297, LM 303, LM 304,
LM 308, LM 309, LM 312, Li 318, LM 326, IM 329,
LM 333, LM 339, LM 343, LM 346, LM 350, LM 357,
LM 372, LM 387, LM 397, LM 403, LM 406, LM 408,
1M 417, 1M 420, LM 426, LM 434, LM 444, LM 448,

LM 464, 1M 472, LM 481, LM 484, 1M 486, LM 488,
1M 495, LM 696, MAELIVA, MC 37, MH 74, MH 79,

Contd.ooc



Table' 21 (Contd.. ) . o‘o .

MH 99, MH 103, MH 113, MH 123, MH 130, MH/136,

MH 140, MH 299, ML-1, ML~3, ML-4, ML-6, ML-8,

ML-9, ML-10, MP-6, No=299, P 246, P 426, P 493-B-2,
P 2006-L, PH L1, PIMS-I, PIMS-2, PLM 44, PLM 84,
PLM 171, PLM 242-1, PLM 440, PLM 446-l, PLM 4491,
PIM 537, PLM 956, PLM 1037, PS.2/l PS-l0, PS-17,
PS-32, PS-51, PV-4, R-38, R-l192-1, R-288-8,
RHSSIAH, S9, SHINING MUNG SSM-l ‘T-1, and

YELLOW MUNG

Susceptlble (89) l 170 68 37/2 40 2 42-1 44 7 45—1
49-1, 56—3 57-1, 60-3, 64-5, 73 3, 75-3, 84-1,
84—7 85, 86 142 235, 237-l 247, 294.1, 331,
365, B 105 CES 55 CES o5-1, EC 1528, G-l, G- 65,
H 70 11, HSG, 1/c-1000-7 -]~ 5B, i/c-1007-1-58B,
;/c-1089 B-29-5B, i/c 15276, J 45, J781, K6040,
KP6, LM-26, LM28, LM29, M5 3, LM87 IM97, .IM-106,
IM 143, IM 168, IM 170, 1M l89 LM 228, LM 246,
IM 252, .IM. 276 IM 316, .IM 322, 1M 328, LM 344,
LM 356 IM 364, LM 370, LM 402, LM 412, 1M 429,
IM 438, LM 451, Madira, MH 101, . MH 127, ML 24,
NP 23, P=-66«26, P-646, PLM 24, PM 106, FM 124,
PLM 215, PLM 1030, PM 2, PS 7, Rm-l, Rm-21, RS-4,
Ru351an, $-8, Sheela, TT9E and Varsha. . -

quhly susceptible (5) Green Mung, LM 55, LM 200, Lﬁ 373
and PS-l6 : o oo




Table 22, Screenlng of urd bean varieties/germ plasm lines
-for resistance/susceptibility to leaf crinkle
v1rus under fleld condition /

. /

Total 'varié,tie’s/ger;ﬁ‘pléSm: 138’ B o

Highly resistant (L1): DLU 90, DLU 487, 'H’7o 3, LU 201,
Pant 4-26 Pant U 20, Pant U 26 UG—152 UG 153,
UG-157 and UPU - T.

Resistant (28) : B-12<4-4, Bulandsher Local, G8, H76-l,
H76-18, H76-19, H76-22, H76-23, H76-24, H76-3L,
H76-32, H76-38, H76-39, H76-40, H76-49, H76-51,
H76-54, H76-61, H76-72, H76-73, H76-92, H76-115,
JUL, KLO, Lain BG 296, SEL I, -UGLL7 and UPU-2,

Moderately Susceptiblé (70): BG 295, G-104, HL0-31, H-31,
H75-2-7, H76-2, H76~4, H76-6, H16=7, H76-8,
H76-10, H76=-12, H76-13, H76-14, H76-59, H76~88,
H76-101, HU-I, K78, LM 296, LU 207, LU 238,

No. 12/8, No. 338/3, Pant 430, Pant U.30, PH-15,
PH 23, PLU 1184, PU 73-4, PUSA I, S-3l1, UG-135,
UG-170, UH-I, UH 17, UH 18, UH 22, UH 30,. UH 33,
UH 36, Uﬁ-s?, UH 38, UH 41, UH 42, UH 45, UH 52,
UH 53, UH 55, UH 56, UH 58, UH 60, UH 6L, UH 62,
UH 72, UH 82, UH 10l, UH 107, UH 108, UH 109,
UH 110, UH 111, UH 112, UH 113, UH 114, UH 115,
© UH 116, UH 117, UH 118, and UPU 3, ) '

Susceptible (27): 4-5-2, BP-3, CULTURE=I, H76-3, H76-5,
H76-1l, H76-l5, H76-1.6, -T-9, UAH2, UAH=2A,
UAH-2B, UH-2, UH-3, UH-14, UH-15, UH-20, UH-27,
UH-28, UH-29, UH-32,. UH-34,. UH-102, UH-103,
UH-104, UH-105, and UH 106.

Highly Susceptible (2): Krishna and PLS-364,

R
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SEED TREATMENT

HEAT THERAPY

Results on wet heat therapy, dry heat therapy and
solar heat therapy are presented in Tables 24, 25 and 26

respectively,

%et heat therapy : - The results of wet:heat’therapy of

1nfected seeds (Table 24) indicated that none of the plants
showed leaf crlnkle symptoms raised from treated seeds
without affecting seed germlnatlon when seeds viere given
this treatment for 30'min at 69°C or‘for'zo min. at 70°C.
Absence of seed transm1551on of the v1rus ‘was also observed
when the seeds were treated at 75°C for- 10 mlnutes but at

this temperature germlnationmof\seed WaS'alSO affected,

Dry heat'therapy :- It is evident from Table 25 that dry
heat therapy of .infected seeds did noteéheck the seed trans-
mission of the virus without adversely affecting the seed

germination at any temperature from 50° - 75°C.

sclaf heat therapy : Data in Table 26 indicate that the
exposure of infected seeds for 4 h (12.poknoon to 4.00 p.m,)
after 3 or 4 h pre-soaklng (in forenoon} in water appreciably
checked the virus transmlsslon through seeds without affect-
1ng seed Vlablllty. Exposure‘to solar-heat for 4 h without
prefsoaklng in water was not found statistically significaet

in reducihg the virus transmission through seed.
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CHEMOTHERAPY . . S ‘,f
The date (Table 27) on theieffeEt,ef different
chemicals (antiviral chemicals, systehic insecticides aed
systemic fungieides) as seed treatmentf(eeed dip and seed
dressing) aéainst leaf_crinkle virus indicate that among j
all;thé‘éhemicals tested none'was‘founa‘COmpletely checking
thervifus transmission through seed. However, 2-thiouracil
(0.1 per cent) ‘was found most effective’ among all the chemi-
cais1and there wes 70 per cent reduction of,seed transmission
of the virus as compared to control inIWhich no chemical
treatment was glven to infected seeds, Data also indicate
that out of six ant1v1ral chemicals tested the effect of
2-thiouracil (0.05 per ‘cent. and 0.l per eent) and 8-azaguani-
dine (0.05 per cent and 0.1 per cent) wae_foﬁnd only statis-
ticeliy Significent in reducing the virus transmission through
seed. _Among the four systemic 1nsectlcldes and four syste=- |
mic fun9161d95 tested as seed treatment none was found
statlstlcally significant in redu01ng the virus transm1551on
through seed. The seed treatment with the above mentloned
chemicele_(rable 27) did not show statistically significant

adverse effect on the seed viability.



Table 27. Effect of chemicals as seed treatment (seed d1p and
- seed dr9531ng) on seed germination and transmission
of the virus through seeds collected from leaf crinkle
virus infected-plants of urd bean, cv, Krishna

Chemical Concentra- . Per cent Per cent
tion reduction reductlon in
o in seed seed trans-
germination mission of
, the virus
Antiviral chemicals(seed dip)
Validomycin=A 0.05% 11,3(19.74)* 5,0(12,94
Validomycin-A 0.1 % 10.5(18.97) © 5.5{13.68
2-Thiouracil¥**® 0.05% 2.5( 9.17 62.5(52.35
2=Thiouracil*®* 0.1 % 1,0( 5.82 70.0{56.86
8-Azaguanine®® 0.05% 7.5(16,04 36.5(37.24
8-Azagnanine®¥ 0.l % 7.1(15,50 43.0(41,00
8-Azaadenine®¥ 0.05% 7 o4 15.90 15.,5(23.27
8-Azaadenine¥¥% 0.1 % 6,5(14.88 13.0(22,08
Guanidine hydrochloride 0.,05% 12.,2(20.50 6.0(14,3%
Guanidine hydrochloride 0.1 % 13;5§21.65 6.5(14,88
Guanidine carbonate 0.05% 13.4(21.54 4,5(12.35
Guanidine carbonate 0.1 % 14.0(22.15 6.0(14,21

Systemic insecticides

7.1(15.55

A e P P g, P P P s P,

Metasystox 25 EC ‘o 0.05%(a.i. 5.5(13,.62
Metasystox 25 EC - 0.k %(a.i. 14,3(22.32 6.,0(14.37
Rogor 30 EC 0.05%(a.i. 7.1(15.43 5.0(12,95
Rogor 30 EC 0.1 %(a.i. 14,3(22,31 5.5{13.60
Nuvacron 40 EC 0.05%(a.i. 1,5( 7.25 0.5( 4,45
Nuvacron 40 EC 0.1 %(a.i, 10.7(19.15 1.0( 5,75
Dimecron 100 S 0. 025? a.i. 3.6{(10.95 1.5( 7.18
Dimecron 100 S 0.035%(a.i. 4.5 12,35 2.9( 9.21
Systemic fungicides(seed dr essing)

Bavistin 2,5 g/kg 3,3(10.64 2.5( 9.21
Benlate : 2.5 g/kg L.1{ 6.31 1.0 5.82
Thiphanate-m 2.5 g/kg l.6{( 7.50 2.0( 8.34
Vitavax 2.5 g/kg 2,8( 9.7 1.5( 7.10)
Sodium carbonate 0.1 % 7.5(15.91 5.4(13,55)
Water - 1. 7( 7.70 -

Dry seed - 3.3(10.61 -

C.D. at 5% level - - {16,31) -{14,97)

*=Figures in parenthesis are transferred values

W =

N

= Concentra

= Nil,

tion prepared in 0.1l%

sodium carbonate.
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DISEASE CONTROL BY SOIL AND FOLIAR APPLICATION OF 'INSECTIGIDES

Results on thé.effect of soil ahd foliar applicafion
granuleﬁ and‘quuide‘iﬁsecticides,reSpecfively on leaf ciihkle
disease incidence (per cent disease) and yield of urd bean.
cv. Krishna along with the economics on ‘cost “and benefit_
arerresented in Table“28. Data on disease ‘incidence -indi-
cate thaf all the insecticides were fouﬁd-stetisticélly;'
significant in réduéing*the disease inc?aeqce. When the

_diseeee was 34,0 per cent and 36,5 per denfsin control
plant {no insecticide) it was reduced to”i7;5 per cent - -
20.5 pér cent in plants freated with grahulaf insecticides
as soil application and llquid 1nsectlc1de as foliar appll-
catlon/reSpectlvely. It is also ev1dent from Table 28 that
the effects of all 1nseqt1c;des‘were stgtlstlcally sxgnlfle
cant in increasing the grain yield from 4.645 - 4.70 quintals/ .
h in.contrbl (no‘ihsecticide) to 5,358 - 7,125 quintals/h in
plants treated with ihsecticides, Dataﬂalse.indicate,thét,
graﬁu;ar insecticides aeplied in soil were less effective
in increasing the yield‘as.compared toyiiquid insecticides
used as foliar sprays. The maximum yie1d7(7-125 a/h} with -
the minimum disease 1nc1dence (17 50 per cent) was recorded
in treatment of two follar sprays of Dlmecron 100 S {0, 035
per .cent a.i.) at 10 'and 25 days after sow1ng. None' of the
flnsectlcldal treatment had adverse effect on yleld and the

maximum net income (%,-833.25/h) was found in case of the

s
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treatment of Dimecron (0,035 perdcépt a.is) used as foliar
Sprayatwice i.e, at lO’ahd_QS days after sowing. The;e was‘
net loss of Rs. 13. 75 ahd'&.’é? 70 per'hectare-when Phorate
lOGland Aldlcarb lOG\Nere applled in the soil as granules
because of their high cost and belng less effectlve. There ..
was net income “of" fs. 38 50 per hectare w1th Dlsulfoton 5G,.
All the 1ngeCthldal epray treatments were found flnanCLally
benef1c1al 91V1ng net 1ncome between m.l26 00 to Rs.833.25

per: hectare (Table 28)

FIELD CONTROL OF LEAF CRINKLE DISEASE THROUGH
CONBIRATIONS OF SEED JREATHENT AND FOLTAR
APPLICATION OF INSEGTICIDES - .

-~ . . N

'fResults.(TaHle;QQ) on seed treatment followed by -

fcliar_applicatiOh”qf,inSecticides twice i;e. at 10 and

25 days after scWind'indicate that there'Was_no significaht
disease incidence in the treatments in which infected seeds
were given wet heat therapy -or solar heat therapy along
wlth follar appllcatlon of lnsectlcldes.’ Seed treatment
with 2- thlourac1l Was not much effective ‘to check the trans-
mission of virus through seed however 1ts effect was statls—
tlcally_SLgnlflcant None of the above treatment (Table 29)
signifiCantiy affected the seed germlnatlon. In the treat-
ment in which seed was not treated but only 1nsect1c1da1
Sprays were glven the tran mission through seed was not redu-

ced 51gn1f1cantly but the further Spread of -the disease in

the field was negllglble (Table 29).
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" In view of thé héavy los5es'cauéed'by leaf crinkle
virus q;Séase to mung bean and urd bean ihﬂﬁaryana, detailed
investigations on various aspects of leaf crinkle diseasé of
urd béan and mung bean were carried out, Due to lacunae in
1nformatlon about . the virus and the disease 1t was felt

desirable to undertake the follOW1ng studles-

1. Survey and epidemiology
2, purification and identification of the virus

3. Protein constitution of resistant and suscep-
~ tible varieties of mung bean and urd bean

4. Control measures.

‘Survey of'é1; districtsfof Haryéna during summer
and kharif seasons revealed that during summer season the
leaf crinkle disease dccurred‘fiom zero to'4,62 per cent on
mung bean CIOpP. Urd'bean crop was not fdﬁnd'in any district
of Haryana during 1975 1976 and 1979 summer season. During
kharif season the dlsease was to the extent of 34,63 per
cent on mung bean and 37.13 per cent on urd bean. The low
disease incidence'durihg summer could be dﬁe-to high tempera-
tureland low humidity. The diseése incidence was more on
urd bean crop than-mung bean ¢rop in allidistricts_of Haryana
which could be due to comparative Tesistance/susceptibility
atlépéCiés level. Among mung.béan cultivars commonly grown

in Haryana, Pusa Baisakhi had least incidence followed by



97

!

J—45.and Varsha ahd'amohg u:d peah éultiQars H 70-3 Haﬁ
1ea§t disease incidence'followed by Mash 1=l and T9. Thié
could be due to comﬁarative'resistance/éuéﬁéptibility at
varietal level, The_diéease incidence‘was}leSS 15‘19754
It slightly_increased Quring‘L976 and dprihg 1679 it was -
still more than 1976, S'ingh.gi:_lg_lz'. (1979) reported conti-
nuous increaée in leaf crinkle diseaseiin'Haryana from 1973
through 1975, This increase in disedse incidence could be
due to'thé Sprééd df'thé'virhs through_iﬁfeéted seed(Kolte
and NEne{tl972) and?fu:ﬁher épread through the insect vec=
tors_(sin'dra, 1971; Khatri gi‘_a_l-.,_:rl‘)ﬂ..;.‘.[)_hingra, 1975).
Seed ahdraphid transmission of the leaf crinkle virus has
also,béen;confirmed in the present_étudies. The observations
on diseaée incidencelaléo.indicafed that the Haryana state
has two different'iegions i.e. nqrth région'gnd southvregion
where intenéity-of‘leéf qrihkle disease'w;s different in
the same cultivar.; Thg digtr;ctglocated in‘norﬁﬁ iggion
i.e. Ambala, Kurukéhétié; Karnal, SonEpét,_Jind and Rohtak
showed more diseasg as cpmﬁarea'to the‘distfictslsituated
in éouéh region i;e, Mohindergarh, BRhiwani, Hissar, Sirsa,
Faridabad and Gurgapﬁ; ‘The high intensify‘of the disea%e
in'northfregion may.méinly be-attxibuted'to comparatively
low temperature and high humidify during-suhmer and in
khafif‘seésons;agcqmpared to the dist:icts;in South

regibn,(Anonymoﬁs,gl976, 1977 a).

N
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,f The‘loss in yield due to leaf crinkle disease in
muné Bean ¢v. Varsha and urd beap cv. T-9 ﬁes found ;;ngf‘
ing from 2,12 to 93.18 per cent in mung bean and from.2,8§
to 95.@7 per cent %n_qrd bean at Hissarieepending upon fhe
stage of plant grow;h at which infectioq{oqcufred. Earlier
the infection Qreate:wﬁas the loss. In Uttar Pradesh at
Pantnagar the loss due to this disease wae estimated in
urd been cv, T=9 from 62 to 100 per cen£ (Nene, 1972), The
~ variation in the range of loss ceeld beiqﬁe to the Variation

of environmental_factors prevailing at Hissar and Pantnagar.

During summer season the leaf cfinkle 5ymp£oms on
mung bean and urd.beentrops at Hissar either dic notrapeear
at all or were mildlen some plants only when the temperature
came down to.about:37?C er below for about é week during
the _crep season, This’ couia bef due to the reason that
virus multiplication mighf have been suppressed and the
symptoms masked at. high temperature (389 - 45°G) and low
humidity .(morning relative humidity around 60 pe§ cent and
evening relative humidity around 40 per cent). Appearance -
of symptoms when the. temperature:came down belov -37°C with
sligﬁt increase inlhuhidity fbf about a week further'confirm
masklng of symptoms at hlgher temperature than 38°G, When
the crop remained at high temperature (4l - 45°C). and low
humldlty (mornlng relatlve humldlty around 45‘per cent and

evening relative ﬁumidity around 20 per cent) for a week or
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at 47°C for a day after infection, the  leaf crinkle,éymptom
diddnbt-appear even though the temperature came down below

37°C for aboul a week The possible reasdn‘could be that

the V1rus in the plants was either 1nact1vated or suppressed o

to the extent that it could not multiply upto the ‘concentra-
tlon of symptom eXpre551on when the plants after being
eXposed to 41° 3.459C continuously for.a‘week or more or

at 47°C for a day,“gbt_the chance to grow below 37%. The.
effect might bereither directly on the virus in the host

plant or indirectly by‘alfering the host piant physiology.

The efficiehey of sap transmission of leaf crinkle
virus was greétly.incfeésed using carbbrehdum powder as an
abressive and when the. sap was prepared -in 0.1M phosphate
buffer pH 7.0, Chahéihg the molarity ahd_pH of the phosphate
buffer'did not enhance the efficiency of meéhanical trans-
mission.* Younger plants (1L -« 2 weeks after sowing) of urd
bean cv, Krishna were more sen31t1ve/suscept1ble to mechanl-
cal inoculation than'the'older ones, This confirmed the

findingsof Narayanasamy and Jaganathan (1975 b).

Out of the two aphid species viz, A.craccivora

g.goseypii, one species,of'beetle Viz.'g;fevicaulie and one
Speeies of white fly viz. B. tabaci usedlfor'virus transmission;

A craccivora and A.gossxpll transmltted the virus after a -

short virus acqu151tlon feedlng of 5 mln. This confirmed .

the transm1551on of the V1rus in stylet-borhe manner, The
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transmission of the leaf crinkle virus in stylet~ borne

mannexr has been reported earlier also through A. craCC1vora

andié.gossxgll;(nhlngra, 1975)., No evidence of transmission

through A.fevicaulis and B.tabaci was obtained during the

present studies,

The percentage of tranémieaion;throdgh seed was
found to be 21,13 and the trancmission,ﬁaé observed highest
in the seeds collected from plants Wthh were sap inoculated
at early stages of growth i.e. about 7 days after sowing,
The transmrssron ‘of the. virus through seed decreased with
the 1ncrease in plant age at the time of sap 1noculatlon.
Slmilar observatlons have been reported by Narayanasamy

and Jaganathan (l975 a, b) also,

Host range was not .strictly restrlcted to legumlnous

plants., “The virus also infected 5 weed SpECles namely

g.arven51s,,g.stramonlum, D.metel, g.meta101des and D.incremis
and some other plants namely.g.globosa_and R.communis var,
Aruna belonging to families other than leguminosae, Among
leguminous'planto,.8fcultivatéd plant species viz. D,lablab,

G. max var. Braaqg, P.aconitifolius vars. Ph 68-04 and Ph 222,

vulgarls vars. Pinto and Sexa V. 51nen51s vars, PT 194207
and HFC 42-1 and V.catjang (Cholai bean), V.mungo and V, radlata
were susceptible .When leaves of V. atjang (Cholai bean) were
mechanically iﬁocdlated with.infective'crudo sao they did

not show.any local lesions but were systemically infected
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showing mosaic mottling symptﬁms; ‘However, when -the }éaves
of V.catjang were mechanlcally inoculated w;th purified
preparations of the leaf crinkle- virus, they ‘produced local.
lesions followed by systemic mosaic. Possible reason could
be the Eresence.of ébme inhibitors in thé crude sap which
interferred with the host metaboliém at thé infective sites
inhibiting the production of local lesions and resulting

in only systemic infection. During the process of yirué_;'
purification the local lesign;inhibitihg substances might
havel;emoved; Iherefqrg? the purified virﬁs preparation
produéed local 1esipn$_on inoculated leaves fplldwed by
systemic mosaic, The;pfoduct;oﬁ of local‘lesionslfo;lowed |
by systemic mosaic'hasﬁalso been reported in case of séveral
other viruses 9uchra§ alfalfa mosaic vi?us Qﬁ N.tabacum, °

D.stramonium andrPetuhié sﬁb; {(Hull, 1969);‘Barley-stiipé |

mosaic virus on Spinacia (Hoilihgs, 1959j; necrotie lesion

straih?of'bean yelloW'moséic virus on P,lunatus, V.sesquipe-
dalis and V,.sinensis  {Zaumeyer and Fisher,rl953)§ sweet pea

streak virus on g.vulgéris'(Ainsworth, 1940), Spinéqh strain

of cucumber mosaic virus on Cucumis sativus var. Every day-

(Bhafgava; 1951) and cucumber strain 6 on Turkish tobacco,f

cucumber, Splnach tomato, N. glutlnosa and N.lang_dorfll
(Prlce, 1934) ' ' o | '

‘The V1rus had a dllutlon end pOlnt (D.E.P.) between
L:1, OOO to 1:10, OOO thgrmal inactivation point’ (Tip)
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between 64° to 66 °c and longevxty in v1tro of 3 days at .
Toom. temperature (35°C + 2°C) and 9 days ‘at refrlgerator
temperature. D.E.P., T 1.P. and longev1ty in vitro of some
closely related viruses have been glven in Table 20 for
comparison, |

Attempts were made to purify the?virus empleying
- different methods.‘Preeipitation of the viftus at diffefeﬁt
pH'end with ammonium;eulﬁhate, fractiehétion on Sephadex
G-25 and Sephadex Gfsoicbloumns;failed to purify the virus.
fhe’virus was purified by chloioform:bUtanol (1:1) treatment |
andﬁprecipitatien with PEG (8 per;cent)'+;NaGl (L,2 per cent):
followed by differential centrifugation using 0,LlM phosphatef'
puffexr pH 7.0 as suepension medium. Several leguminous
virﬁees;have been'édrified following sech'a procedure e?g.
alfalfa mosaic Viipé,;COWpea'mosaiC vi;ue and bean pod mottle-
virus (Stee:e, 1956, 1959; Bancroft, 1962; vanKammen,léé?;
Clark,”l968). 0.1M phesphaﬁe Euffer pH!?;O ha? also been
found satisfacgor§:ae shSpension medium ih case of several
other 1egum1nous viruses {Markham, 1959 Steere, 1964)
Fallure of purlflcatlon of the virus by precipitation. at
dlfferent pH with -ammonium sulphate and Sephadex filtera-
tlon suggested close a55001at10n of the vlrus nucleoproteln
.w1th other host protelns Failure of. purlflcatlon for car-~,
natlon ring spot V1rus and 51gn1f1cant loss of tobacco

mosalc virus. ln pUIlflCatlon by prec1p1tatlon at dlfferent
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pH below 5 and failure of purificatiogyfor.tobacco ring
spof virus and Rothmsted culturé of tobacco mosaic'}irus
by ammqnium,sulphafe:precipitatibn has alsb been reported
due to the clﬁsq_aésqpiation of the virus nucleo protein
with host‘proteihs_(Pirie, 1950; Kassdnis;,l955; Steere,
1956; Francki, l966),' The inactivatiéh or loss of virus
during the process:OfSéphadéx_filteration might be the

cause of failure in purification by this fechnique and

this needs further‘investigatioh.

The leaf crlnkle virus descrlbed here had spherical
particles with an average diameter of 50 nm and 15,24 per
cent nucleic acid in 1nfect1ve virus partlcles.w The above

1nformatlon helped in preparlng the following cryptogram :
* /% /15, 24 'S/S : S/Ap.

| After.901ng rhrough the literature on leguminous
viruses - (Gibbs, 1968;‘Sm1th, 1972; Gibbs and Harrison,l976;
Hampton et al., 1978; C.M.I./A.A.B. Description of plant
viruses 1970-78) it was found ‘that none of the legume virus
reported S0 far produced the characterlstlc leaf crinkle
symptoms on mung bean and urd bean as 1s in the present
case and also none of the legume v1rgs transmitted by
aphids has Sphericél'particies with an average diameter of
aboﬁ£ 50 nm. Based on the studies presented in this
dissertation it can be concluded that the leaf crinkle

virus of urd bean and mung bean occurring in India is a

\
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new virus, Further;'the‘f0116Wing spheiiCai plant viruses
may be seleCted'having‘oné‘cf the other similarity with the

leéf;crinkle‘virus’bf7urd‘beaﬁ‘and mung‘bean (Table 20);

.‘Caﬁlifloﬁer mosaic\vifus(Tompkins, 1937)
.'CUCUmber;moéaic'vi;us(Puriviréjkul et al.,1978)

1
2
3. Clover wound turmour virus({Black, 1945)
4, Peé enation‘mosaic'(Busfriliaﬁ; 1965)

S

. Cowpea hosaic virus (Dale, 1949).

The comparlson of propertles of the above.V1ruses
(Table 20) indicates that the leaf crlpklequ urd bean and
mung bean has gréatér-similarities'with the pea enation ’
mosaic virus (Hérrison,,L969) and may be grouped along Qith
it. — - |

Prof_ein constitution of mung beén'é{ld_urd bean
varieties resistant .and sﬁsceptible to leaf crinkle virus
has not been studied earlier, Proteinﬂéonstitut}on deter-
minedlby_polyacrylamide'gel electrophorésis (Davis, 1964)
was different in mung bean and urd bean. Present studies
indicated that 7 days old healthy seedlings of resistant
and,éﬁﬁceptible'variéties of mung bean revealed 4 protein |
bands.except in varieff 15227 which showed 5 protein bands
perhaps because of 1ts slxghtly dlfferent genet1c make up.
Re51stant varletles of urd bean showed 9 protein bands and
susceptlble varletles 8 proteln bands in 7 days old seed-

lings. These results 1nd1cated that protelns were perhaps'
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related to susceptlblllty/res1stance to- leaf crlnkle virus,
Four . protelns of slow mobility were found common both in
resistant and susceptlble varieties offmung bean (V.radiata)
and’ urd bean (V.mungo). This gives an indication that these
four common proteins of slow mobility were perhaps the
characterlatlcs of genus yiggg. The presence of 4 or 5 more -
fast mobile proteins.in urd bean and their ebsence or if
present then in very, Jow concentratlon S0 that they could
not be detected by technlque followed in mung bean 1ndlcate
the‘difference at Spec1es level. In general urd bean is
moTe severely infected than mung bean to leaf crlnkle virus.
These additional 4-5 fast moblle protelns in falrly good
coneentratlon in urd bean and their absence or if present
then in very lowrcohcentration in'mung‘bean suggest their
relatienship'with‘susceptibility and 5ymptpm severity. In
other words, the éreater the number or higher the concen-
tration of fast mobile proteins, hlgher was the susceptl-
blllty to Jleaf crlnkle virus as far as mung bean and urd
bean is concerned, Desborough and Peloqu1n.(l966) studied
pretein pattern of.26\3pecies of Solanum and suggested that

the proteins may be species specific.

~ Though the humber of-proteins-in‘7_days old healthy
seedlings of resistant and susceptible varieties of mung
bean was 4 or‘5 and of urd bean it was 9 in resistant

varieties and 8 in susceptible varieties but with the pro-
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,gre551ng age i.,e, at 27 days after sow1ng the faster moblle
2 protelns disappeared in susceptible varieties but one_
fast mobile protein may or may not disappeared in resistant
vafietiesrof‘mpng'bean; In urd bean oﬁé faster mobile pro-
tein diséppeared in both resistant and?sﬁsceptible varie~
ties with progressing age. 'Rana (1979) studied protein
constitution of maize and teosiiine by;polyéCrylamide gel
electrophoresis and also found that there is general reduc-
tion in number of protein as thé age progressed after‘ger-
mination; o o _-  R

|  The'compérisoh of proteins in healthy and diseased
leaves of resistant and susceptible vafieties of mung bean
and urd bean o.f same ‘age (27 days) indicated that the
nu@be:_bf proteins-did'npt change after leaf crinkle virus
inocﬁlation in leaves of resistant variétiés L-24-2, 15227,
DLU 90 and DLU 487 of mung bean and urd bean thouéh the
Céhcéhtratidh*of slow.mobile protein decréased.and of the
fast mobile proteln increased, This indicéted.¥light alter-
atlon in protein oynthe51s after virus: 1noculat10n of resis-
tant varieties. After leaf-crlnkle virus infection in
'susceptlble varieties Green mung, - 3-16 Krishna and PLS 364
of mung bean and urd bean, all protelns which were detected
1n-the healthy_leaves of correSpondlng.agg e;ther disappear-
edforachanged'inﬁo very fast ﬁobile proteins. The*suséép-

tibility/resistance, therefore, of the mung bean and urd bean
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f
plants after 1noculat10n with leaf crinkle virus perhaps

depended upon the synthesis of fast mobile protein or on
how much Slow‘mobile protelns changed into fast mobilej
proteinS'during,virus'multiplication.} Greater the change
,into‘fast ﬁobile protein§‘higher was thé.Susceptibility to
1eé£;crinkle virus, Varﬁa_and Poonam (1978) also studied
protein patterns'ih the leaves of resistant and susceptible
tcmato plants to leaf curl virus and found that some low
molecular weight protelns 1n susc9pt1ble plants acted as.
templated for virus multlpllcatlpn. Perhaps similar situa-
tioﬁ ekists in case of mung beaﬁ'and urd ‘bean also vis=-a-
vié‘leéf crinkle virus:infégfion. | | |
out of thé.390 varieties/germplasm lines of mung
bean and 138 varieties/germplasm lines of urd bean screened
under field‘conditibns‘for suéceptibility/resistance to
leaf crinkle ﬁirus, 9 varleties/germplasm of mung bean viz,
15176, 16225, 16227, 15229, 15277, L-24-2, ML-5, T-44 and
T_5l'and 1L varietieé/germplaém of urd béan viz, DLU 96@
DLU 487, H 70-3, LU 201, Pant 4-26, Pant U-20, Pant U-26,
UG;152, UG-153, UG-157 and UPU-1 werélfound highly resis-
tant.. The highly resistant material under field condition
when furthe: screéngd after artificial inoculation. (sap
inobulatlon), none pf the yarieties/ggrmplasm of mungbean
and urd bean was found highly resistant, Mung bean varie-

ties L-24-2 and 15227 and urd bean varieties DLU 90 and
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DLU 487 proved resistant and not highly‘fesistant tqfthis_
virus after artificial inoculation in the screen house.
Mung bean cvs. PuSa\Baisakhi; Tl, T44 ané,f5l were found
susceptible torleaf‘trinkle'ﬁirus‘in Haryana though these
,varieties were reported as resistant to‘leaf crinkle virus

(Nene, 1972) in Utgar Pradesh,

Thefe was appreciable reduction in transmission
of virué'through seed.wﬁen seéds;were tréated with wet heat
for 30 min. at 65°C or 20 min.at 70°C without affecting the
seed viability. The transmission of the virus through inf-
ected‘seeds was aléo‘ﬁppreciably che cked but the germinaéion
was also‘adveréely'affected when the seéds‘were treated
with dry heat'for'6Q'miﬁ. at 60°C of 50 min.at 65°C. WVhen
the infected seedSHWere exposed for 4 h {(12.00 noon to 4,00
p.m.).to'solaf heat after 3 or 4 h pre-éoéking in water in
the month of May/June there was appreciable:reduction of
thefvirUs transmission fhrdugh'seed witHOUtlaffgcting seed
germiﬁation. No wérk-Was'done on heatatﬁexapy dgainst seed
‘borne viruses of muné béan and ard'beah'bdf some work has
been réported on the control of seed borne legume virus of
cowpea, whereby Sharma and Varma.(l975):rep0rted that hot
water treatment of130_mi;.at’45?c'or for 10 min. at 50°% ,
dry‘heai treatment for 50 min. at 55°C or 30 min. at 60°C

oT 20 min: at 65°C reduced the seed transmission of cowpea
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banding mosaic,virus appreciably. Eradication of seed
borne ;irUSes by heat therapy has;alsq'béen observed inr
other1Cases such as seed borne viruses of augarcane by

hot aif tieatmentnat 54°C.for-8-h or by‘hot water treat;
ment at 50°C for 2 Q_S.h (Martin, l930;‘£auden, 1953; |
Hughes, 1953; Knust",' 1953; Singh, 1967; Singh et al.,1973)
and eradication of potato leaf roll virus in tne potato
tubers by keeping fhem at 37°C in a moist atmospnere for
10 to 20 days (Kassanis, 1949; Thirmulachar, 1954). Among
six antiviral cnémigals, four systemic insecticidea and-
four systemic”fungicides tested as seed treatment to
control ﬁhe seed transmission of the virus, only 2~thio;
uracil 0.l per cénf&and 0.5.par cent and 8—azaguanine 0.1
per'cént and O 5:pe£ cent were found effecfive. 2-thioura-
cil and 8—azaguan1na are well knonn ant1v1ral chemicals
though largely used as follar appllcatlon rather than for
seed treatment (Commoner and Mercer, 1951 hat??ews, 1953,
1970; ‘Matthews and' Smith, 1953; Holmes, 1955; Linder et al.,
1960; Prancki,-1962: Chin and Sill, 1962; ﬁaycnaudhuri,
1963; Levin-and Litt, "1965- Varma and Pobnam‘ 1977). Guani-
dine hydrochlorlde was effectlve for 1nh1b1tlon of tobacco
mosalc v1rur in tonato Plants (Varma and Kamlesh Kumari,
1970) and guanldlne carbonate was found an 1mportant inhi-

bltor of tobacco necrosis virus in bean leaves (Varmal968)
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but ‘guanidine hydrdchioride and‘guanidine'carbonatefwere'
not found effectlve as seed treatment in the 3resent study

agalnst leaf crlnkle v1rus.:‘

The spread of virusddiséases_c;n'be checked by
controlling theii;ihsect Vectoré_through the application
of insecticidesieither as soll or foliar ap§lication
(Gates, 1958; Broadbént et al,, 1960; Broadbent, 19643
Watson and Plumb, 1972). Amoﬁgst the insecticides tested
in this study, Dimecron (0.035_pér cent a.i.} when sprayed
‘twice at 10 days and 25'days old plants was found most
effective with the -maximum control ofldiséase spread with
miniﬁuﬁ cost and ma ximum net benefitl' Cﬁéﬁdhari and
Bhanot (L974) also found Dimecron as most effective against

aphlds out of lO 1nsect1c1des tested,

. Those treqtments which checked the seed transmi-
sslon effectively but did not control the field spread
through aphld vector and those 1nsectlcldal sprays which
only COntrolled the vectored spread of the virus in the
f%eld but not v1rus_transm1851on through infected seeds;
were combined. .Amdhé the combinations qf'seed treatment
andlinsecticidalﬁsprays,_seedtreatmeht either withwet
heat (70°%C for 20 min. or 65°C for 30 min) or with solar

" heat (3 h soaking in water than 4 h.expoéure i.e. 12,00 noon
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to'4.6o p.m. to solar heat) followed_By two Spréys/
of;Diﬁecron {0.035 per cent'a.i.) at 10 days and 25
dayé affer sdwing‘were‘found most effectiye and éig-
nifibanfly céntrolléd the disease being*?B.S per cent
in control (untreatéd crop) and 0.25.per cent in

treated crop.




SUMMARY

Studies‘on‘leaf crinklé disease of urd bean

(Vigna mungo {L.) Hepper) and mung bean (V.radiata (L.)
Wilciek) were'ﬁndeitaken With:reSpectfﬁb’diéease survey
and épidemiology, purification and identification of the
virus, protein constitution of healthy and diseased leaves
of resistant and susceptible varieties, screening of varie-
ties/germplasm linéé for disease-resistance and control

neasures,

| A survey of different districts of Haryana during
summer and khariflseaséns.of 1975, 1976 and‘1979 revealed
that the disease incidence was less in summer éeason as
compared to kharif-éeason, The disease continuously
increésed year after year‘throqghout the state, It was
 more-dn urd bean'crop than mung bean in all the districts
during kharif season} In summer season the urd bean crop .

&

was not.found cultivated in Haryana during years under
Sﬂrve_y . ’ -

The di§tricts_located in north of Haiyana showed
more disease in comparisoh to districts located in south,
Amdnguthe commonly g:own cultivars in Haryana, mung bean
cv; Pusa Baisakhi and urd bean cv. H—jb-B had the least

incidence:foliowedrby.mﬁng bean cvs. J-45 and Varsha and

urd bean cvs, Mash l-l and T-9,
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The loss in yield-due to this disease ranged from
2,12 to 93.18 % in mung bean cv, Varsha and 2.82 to 95.17%
in urd bean cv. T-9. Earller, the infection greater was
the loss in yield.

Studies on the effect of temperature and humidity
in relation to disease incidence and development éhowed
that the leaf crinkle symptoms_ﬁere mdre.conSpicuous when
the maximum femperature was around 35°C, minimum tempera-
.Vtufe_wasAaround 25°¢’ mprning_relative‘hpmidity more fhan
70 %'ahd‘eVening relative humidity more than 50 % . ; _'
Symptoms masked when the temperature ranged from 38° to
45°C With morning_and.evening relative humidity of about
60 % and 40 %, respectively. The diseasé‘symptqms did not
appear even if the maximum temperature came down abound
35% if the host plants'ﬁeré already exposed between 41°
to 45 °c ContanOUSlY for a week or to moxe than 47°C for
a day w1th mornlng and evenlng relatlve humicity of 45 %

4

and 20 e reSpectlvely. ) . _ ' )

The efficiency of mechanical transmission was
greatly'increased'Qhenrfhe inoculum vias prepared in O.1M
ph03phate buffer pH 7.0 and carborandum powder was used’
as an abraslve. Younger plants (L -2 weeks after soW1ng)

of urd bean cv. Krishna Were_more sensitive/susceptible to

mechanical inoculation than the older ones. A,craccivora
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and A gossypii transmltted the ‘virus Wlth .a short vaulSl-
tlon feedlng of 5 min. in a non- perSLStent manner, The

virus was seed transmitted, ' Seed transmiselon was found .
ﬁo be 21,13 % and fhe,percentage-of seed transmission

decreased with,incfeaeing plant age e{;the time of infec-
tion, B |
Host range was not strictly éest:icted to_Legemi—
nous plahte. Theﬂyirus also infected 5 weed plants namely

C.arvensis, D,stramonium, D,metel, D.metaloides and

Q.inéremis and some other plants namely G.globosa and
E,communis var. Aruﬁa.belonging_to the.faﬁilies other than
Légumihosae. Among leguminqﬁs plants,MB‘plant_Species
were suseeptible._ Fifty seven plant species belonging to
17 families were ﬁof‘infected -

" The virus ‘had dilution end pOlnt (DEY) between
L l 000 to 1:10, 000, thermal inactivation’ point (TIP)
between 64° to 66°C and longevxty in vitro (LIV) of "3 days
‘at room temperature (35° "+ 2°C) and 9 days at refrigerator
temperature. o - | N

-Atteﬁpté‘Were made to purify-the'virus employing

different methods, PI661pltatlon of the leaf sap at

dlfferent rH and thh ammonium sulphate fractlonatlonlon

Sephadex G 25 and Sephadex G-50 coloumns falled to purlfy
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the virus, The Vi:us}was purified by;dhlbroform:bgfanol
(1:1) treatment and precipitation with 8 % PEG {polyethy-
lene glycol, mol.wt, 6000) + 1.2 % NaCl fbllowed by differ-
entiallcentrifugatidn'of the leaf sap prepared in 0.1 M

phosphate buffer pH 7.0.

‘The leaf crinkle virus described here had spherical
barticles with an averége diameter of about 50 nm and con-
taining 15,24 % nucleic acid. The information based on

- present studies helped in preparing the following cryptogram:

k% L ®/15.24 1 S/S : S/Ap.

:'Aféer gqing'thioughAfheriiteratﬁre.on plant viruses
it was found that none of the plant virus reported so far,
have the similaritie5*in_properties of the virus described
in this dissertation. . Therefore, the iéaf crinkle virus
of urd bean and mung bean purified for the first time as
described in this diséertation; may be considered as a new
‘virus}, The\qompariéon of pfOperties of fhe cfbsely rela-
ted plant viruses'already reporfed in literature indicated
that this virus has greater similarities with pea enation
mosaic virus and‘may be groupéd along with it.

Studies on protein constitution by polyacrylamide
'gél‘electrophoresis technique revealed the preseﬂce of 4

proteins of slow mobility common in 7 days old seedlings
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of both ﬁung bean and urd bean. These 4 proteins were

: perhaps the characterlstlcs of the genus Vigna. Presence
-of 4 or 5 more fast mobile p;otelns in.urd bean and their .
absence‘orlif preseht.then in very low concentration in
mung beaﬁ,lihdicafed'the difference ih‘genetic make up
and-therefore, sué¢ep£ibility/resistante to leaf crinkle
viiﬁs at sbeéies‘léyel} Differences in-'protein pattern

in resistant and Susceptible_vé:iefies of both mung bean
and urd bean before and after virus inoculation, in 7 days
old seedlings and in leaves of 27 days old plants, led to
the[éonclusion_théf there‘was reductiéﬁ.in protein number
wiih prbgressing agé and:the presence or ébsence 6f fast
mOblle proteins were perhaps related to susceptlblllty/re-
51stance of the. varletle;._ Greater the number of fast
mobile proteins or greater the change of slow mobile to
fast mobile protelns hlgher was the SUSCEptlbllltY of the

varletles of mung bean and urd bean to leaf crinkle virus.
. "3

| Qut of 390 varletles/germplasm lines of mung bean
nd 138 Varletles/germplasm llnes of urd bean screened for
susceptlblllty/reslstance to leaf crlnkle virus, none was
' found highly resistant after artlflClal inoculatlon (sap
1noculatlon) Mung bean varletles L-24-2 and 15227 and
urd ‘bean varieties DLU 90 and DLU 487 proved resistant and
not highly resistant’ tp this virus after artificial inocu-
lation in the screen house, | | |
o Thére_was'appreciablerreductidn:in seed transmi-

ssion of the virus when seeds were treated with wet
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heat (70°C for 20 min. or 65°C for 30 min,) or withj
sélafﬁheat (? h soaking in water then 4 h exposure to
solar heat.in‘the‘moeths of‘May/Jhne)fWi{ﬁout affecting
seed viability. Seed treatment with ﬁry_ﬁeat or with
chemicals (antivirallchemieals, insecticides and fungi-
cides) either did not check the seed transmission of the
virus appreciably eg the seed viabilityrwes affected.’
Seed treatment did”nof‘cheek the.Spreéd of virus through
vector,

Out of 7 insecticides tested in this study either
as seii application or foliar application in the field,
Dimecron (0.035 %'e;i. in water) was found most effective
with maximum net'behefit when sprayed on plants 10 days

and 25 days after sowing.

_ Amongst the comblnatlons of seed treatnent and
follar sprays, seed treatment either w1th1Net heat (70°C
for 20 min, .or 65 C for 30 min. } or w1th_solaraheat-(3 h |
;soaklng in water than 4 h exposure to solar heat) followed
by two sprays of Dimecron (O 035 % a.i.) at 10 and 25 days
after SOWlng were found most effective in checking the

transm1551on of the V1rus thrOUQh seed and controlllng

- vectored Spread of the disease.
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(An Abstract of the dissertation presented in partial fulfilment
of the requirements for the degree of: Ph, D.. Haryana Agricultural
\ Uhiversity, His ar, India) - o

A survey of. different districtc of Haryana during qummer and ‘
" kharlf scasons of 1973, 1976 ' and 1979 ‘revealed that the 1eaf crinkle
. disease of urd bean and mung bean was less in: sunmer season than |
“kharif season. The disease Continuously increased year aftexr year
through out Haryana, The disease was nore on urd bean crop than
- mung bean in kharif season, It was- more in northern region than

~ southern region of Haryana., Mung bean cultivar Pusa Baisakhi and

 urd bean cultivars He70-3 had least disease incidence followed by
J—45 and Varsha CUltiVar_, of mung bean and Mash j__l and T_g culti- B
-vars of urd bean.; * : , . -

The loss in yield due . to this disease wes found from 2 12 to
| 1 93,18% in. nung bean cv. Varsha.and from 2.82 to 99.17% in urd bean
{_cv. T~9. Earlier the infection greater was the loss in yield '

The maximum disease incidence and’ development was observed
 when the ‘maximumn tenperature was around 35°G, mininum temperature_}
;around 25 C, morning andevening relative humidity more than 704
and 50 5 respectively. Higher temperature and’ low humidity had |

adverse effect on the virus in the. ho»t.‘!f; S -

' The virus causing the disease was ‘transmis sible by mechanica1:‘
means, insects(Aphis craccivora and-A. qossxgii) and through seed, The
"efficiency of mechanical transmission was greatly. enhanced by
- using’ carborandum powider “as abrasive, Young plants (7-14 days old)
- -of. urd bean cv. Krishna were more senaitive/susceptible to the
‘virus ‘than the older ones.-nphis craccivcra ‘and A. gossygii trans=
;mitted the virus in a non-persistent manner. Transmis sion of the
virus through seed was 2L, lSN- Percentage of seed transm1551on
decreased with increasing plant age ‘at the time of infection.
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| Host range of the virus vias not confined to 1eguminous

plante. Five weed and 2 cultivated plant species ‘belonging to. the
families other than Leguminosae and 8 cultivated plant: Species
belonging to Leguminosae were susceptible, Fifty seven. plant epecies
belonging ‘to 17 fanilies were not infected ,

The virus had the dilution end. point(DEP) between l .1 000 to
1; :10,000, thermal inactivation point(TIP) between 64° to 66°c and
longevity in vivo (LIV) of three days at- roem temperature (35° + 2°C)
‘and 9 days at refrigerator tenperature. o S :

- The virus was: purified for the Ist time using Chloroform butanol
(i 1) treatment and precipitation with 8% PEG' (polyethylene glycol
mol.wt 6,000) plus 1,2°% NaCl followed by differential centrifugation

\of the leaf sap prepared in 0.1M phosphate buffer pH 7 0 ﬂ%ijf*' ‘

The virus described here had Spherical particles with an average
diameter of about 60 nm and. contalned 15, .24 % nucleic, acid This may
" be considered as' a new virus having cryptogram (based on the present
studies) as: */*'3 */15.24 S/S i Q/Ap. This virus has greater simi- |
1ar1ties with- pea: enation mosaic virus’ and may be grouped along with it

o Studies on protein constitution of resistant and susceptible l
varieties of rmung bean and urd bean using polyacrylamide gel electro-'
phoresis technique, indicated difference in protein pattern in resis-
tant and sueceptible varieties at” different oge of the plant and
before and after virus inoculation. It wae concluded that the suscep~
tibility/resistance of the mung:bean and urd bean varieties depended
upon the synthesis of fast mobile: proteins or'" on: how much slow mobile
: proteins changed into fast mobile proteins during viruv multiplication.

, None of the varietx/germplasm line of mung bean and urd bean\Jas -
found highly resiatant after artificial inoculation(sap inoculation)
but L-24-2 and 15227 varieties of nung bean and DLU 90 and DLU 487
varieties of urd bean vere found resiatant. A A :

, Seed treatment with wet dry and solar heat.antiviral chenicals,
systenic ‘insecticides and systemi.c fungicides alone or soil or- foliar
application of insecticides alone did. not satisfactorily control the
disease Vthen the combinations .of seed treatment with wetl or solar
heat and follar application of Dimecron (0. 035 % a.i. in water) ‘were.

. used _the disease was effectively,Controlled ' T o

This dissertation contains pages l to li7, lates 9 having 23 photo-~
graphs. Tables 29, Figs.;9 agd References 1 4. - o



