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The nttempt to etudy tho nutriticnel otatun of soil and
the plant as prediopooing factors % infeotion of *Bunchy Top™
dipczso of banena hes boen initiated es part of the continuous
repearch prograrme of the Principal end Additlonal Dircstor of
Amiculturs (Recearch), at the Agrienltural Collego and Hesencch
Institute, Vellayoni, since 1962. The survey conducted during the
£irpt yoox of investization showed that soils of digense-frce oreas
hed lower conbent of major mutrients, nitrogen, phoapharuo and
potangiun and highor contont of secondary olementa, calofum and
mognesiums  Leaf Aaaples of healthy and disgm=acd bsnana plants
also followed the momo pattern 23 that of golls in their cantent
of mitrients. Tho expariment oconducted duping tho same year bosed
cn the survey showed that a combination of caleium ard rmagneaiin
in the nmutrient mediun could bring about o significant deley in the

appearance of disenso ayoptoma.

BSand culture exparimonts conduoted Quring 1964-'65 with
difforent forms and levele of coloium and megnesium chowed that
appropriata combination of alanento in ths nutrient modium arresied
the incidenos of the diseaso for a significant pericds Treatmonta
oupplying oalcium oxide and megnssium oxide at 0.6 per cent amd
0.1 per cemby rocpoctively, on the basis of tho weight of gand
armacted tho incidenco of tha diseaso till the cmorgence of tho bunch.
Tho plents which rosisted infootion chowed a calcium oxido/mopmesium

oxido rotio of 3.5 to 4 and o colcium oxido plus megnesium oxide/
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potassium oxide ratio of 1 or nsur about 1. The corresponiing waluco
in the plants which contracted tho dixzease wers lowar,

Experimmts duxirg the noxt year £o confirm the results of
sand culture experimants under ssmi-field conditions chowed that
variations in the ratio of onlolun oxlde/magnosiur oxide in the
plent did not follow sny fized pattern. All the plants of the
axperiment oontracted $ho dieease even though & caloivm oxide/saznesiun
oxida yatio Lsof upte 5471 in the 1saf could be observed. Howewor,
caloium oxide plus magnesium oxide/potessivm cxide xatio of 1 gould
not be atisined in any case, It was concluded that resistance £0
Bunchy Top infeotion could bave besn sotunlly xclated t0 the ratio of
calolvm oxide plus magnesivm oxide/potascivm cxide ratio and not
arrely to tho ratio of calciua oxide/magnesiun cxide. The unprodfctsble
neture of abacrption of mutrients £3om g0il in contrast to0 that in
#znd medivm, tbs influcnce of seversl nnc:artuin factors due to sddition
of large amounts of orgenic mattor and the high concontration of the
ingect inooulun wers conaidered the roasons for the variation in

results.

Farthar investigetion under low orgsnico satter conditions
and using lovor conceantration of ingect inoculim wece necsesitated to
oonfirs the results of the proviocus workers. Hance, the study under
seni-field conditions was contirmued. Two ratioa of caloium oxide &nd
maznesicn oxide, 38?7 and 611 were tried ecch at two lovels of magnesium,
0.05 per cant and 0,10 poxr canita
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REVIEY OF LITENATURE

A detolled mooumt of the Mlatczy end distribution of the
Bunchy Top discess of honane has beea given by Enabisr and Bair (1965).

Relta, Joshi, BEaoy and Esnjhen conducted & detailed mzxvey
of the incidence and intensity of tho dissase in Ecrals in 1950, ZResed
on this sarvay, they reported in 1964 that in the coniyul parts of the
State, whare the discaze hnd initielly appscoed, the incidence and
intensity were mich lower then in the past. The high incidence sreas
wers locatad in recontly invalded northarn parts of the Stata.

Bffect of plent mitrients on virus infection.

Iifferent plent muitrients axert di€fering roles in the
resintance of plunts to infection by virus. This has been raviewed
with epeoisl reference to Bunchy Top infection Ly previcus workers
(Hambier ond Bair 1965; Xair and Pilled 1966) Hair end Ceorze, 1966)
Howovar, informmiion which has not besn tcuched up cn by them is
momarieed in the following paces.

X (1) Bitrogen.

Spenocer (1937) roportsd that, dn tobacco planto supplied with
either o deficiency oy excess Tf nitrogmn, mosaic eympioms sppearcd
sarlier than in those receiving a msdium suount of the mutrient,

Felton (1948) working on Irish'potato found that leaf roll syspioms



sppasred at lower nitrogen levels and lower temperatures then at high
nitrogen levals and high tesparstures. Arens (1949) experimenting on
potatoes obscrved that a deficiency of nitrogen czused earlier
appsarence of leaf roll. Winscher (1952) roported that incressing
axcunta of nitrogan increased the susceptibility of potatoes to wirue
infention through aphids. Accbrding to Diercks (1953), potato planta
in ths low-nitrogen group reected nagatively to infsction by X-virus.
He recoxended moderate sugplics of nitrogen as a mathod of gontrole
sawden (1955) olted the work of Brozdbent snd Hesthcote who found that
the incidencs of cauliflower mosaio vizus inorsased with more nitrogen.
Do Robartis {1959) d-onltmt;d that nitrogen applications reduced
sysptons of wheat stresk mosaic vixus but 1ed to the appearsnce of
tulgp bresking virus symptoms in Eambrandt tulips. Contradictory to
the observaticns of Avens (19!49) md Do Robertis (1959),

Weathers (1960) found that ths development of exocortis symptoms

in Sureka lemon (Ponofrus trifoliata) was correlated with increascd

nitrogen cpplicaticn. At very low levaels no syoptocs wers noticed.
Sinilar results have bsen rscorded by Kender and Soith (1964) in
virus-infected strawbarrye Bjroaﬂ'bmt ant Weathers (1964) £niled to
get any effsnt froa ures and :nmo-monim phosphate spraya on tomatoos
infeotsd with tobacco mosalo :vinu. Carpenter (1964) end

Venthers (1964) found that ni;t:om nutriticn of the host hed no
eoffeot on the transnission or; besn yollow mosaic virus.

Prusa et als (1963) obmerved that differsnce in nitrogen contents of
the plents showed no n:lgniﬁclmxe relationship to the irnoidence of hop

curl dimezss.



{

F
(b) Effect on wirus concantmstion, multiplieation, sctivity emd

sovansnts

Spencer (1989) found thad virus aconcentration of
expresced gap of disessed, mosaic infoated tobacco plants cupplied
with nitrogen was over 80 tices that from nitvogen deficicat plants.
Virus activity of expressed ssp was directly correlated with the
amount of nitrogen eupplied ¢o plents. In 1941 he attributed ths
reason for incrsased virus activity to an increage in the rote of
virus multiplication in ths high nitrogen plants. The incrensed
vivus activity hnd reduced the blologieal activity of tha plant by
40 per cents Kendrick b al. (1951) cbscrved that virus concentration
wan reduced to & minimm by lolv nitrogen application in tomatoss
infected with tabacco mosalo wirus. However, Best and Collus {1953)
reported thas, at nitrogen levels which linfted growth, tho amount
of infeotivo virus por plant was greater in tobacco plenta infooted
with tobacco mozaic virua thsn those receiving edequate nitrogen.
Accopding to tham, raduced MW supply affected tho production of
virus rather thon plant protoins. Dercks (1953) had obsexwed that
excass of nitrogen in the soil ha? accelaratod the covement of X-virus
in potato plants Pound and Vaathers (1953) found in Camnecticut
Havana 0,39 tobscco that virte astivity of exprensed sap wao divectly
correlated with plant growth.! Fapasolosmcntos ond Wilkineon {1959)
found that reising nitrogen levels froo subnczenl to above normsl
resulted in incroased wirus conoontraticon in the cace of tcaato plants
infacted with tobacco mosaio virus. Sastrd end Vasudeva (3962)

: f
|
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indicated that sunnhexp muio}nru- concantration was directly
correlatad with growth of m plents in respeot of nitrogen.
Thay chowed in 4563 that mm-'mt of sunshomp nosalo virus started
etrlier in plants recoiving optimum lovels of nitrogen and ouch later
in thoss receliving axcess or daficient levels. According to
Scdepivan (1963) nitrogen lovels thot inoressed plant growth also
inorezesd virus concentration 'nnd vica versa., Hitrogen ions had

a profound snfluence on virus multiplicstion. Singh end Shargava (1366)
found that virus concentration coinoided with growth evon at
concentyations which caused stunting in watcrmslons infected with
waternelon moseic viruse

{c) Effect on ni: gontents

Comnoner st al (1953) comparsd the nitrogen contents
of tobaced lenf discs at wvaricus intsrvals after fnmoculation with
tobacco mosalc virue ond obssrved a net increass in protein content as
& concomttant of virus mth-[nl. Best and Gallus (1953) reported that
the concantration of protein nitrogsn wos higher in leavas of infected
plonts throughout the growing pariods Borges and Besto (1953) showed
that both total end soluble l!litroa:;m in disotsed Ernssica chinensis
hod incresseds Orlod end A:Jv (1961) cancluded from their work on
barley yellow éwarf virus that virus infection affgcted the nitrogen
petaboliem by raduoing the totsl nitrogen in the leaves o increcsing
1¢ 4n the roots. Enkarous ggg,_-_l_ (1964) obtained increased protein
and peptide nitrogen in tobaf:oo Plents inoculated mechanirally with

!
|
!
!



tobagco mossdo virus. Horaywos Bwazy ond Roealzishaon (1965)
woriting on Pigeon peas infeotsd with sterility mosale disotss
found a dooraasc in chloreplastio protein and en incroses in
oytoplasmia protein in ths disunsed leaves. A decrenss dm Caff
rotio wreg obsarved due to virus infeoction, and thla reduetican
wag attributed o the reductionm in carbohydrate cmient and
incresce in nitrogen contsut of diseased lesvos. Hazdbier znd
Fair (1969) amd Fair ond Pillad (1966) aleo noted significent
differences in nitrogen contents of bensna leaves due to tha
incidence of Fpnohy Top dicsnag.

(11) Prosphomg
{a) Effact on sympicoa ions

Spancer (1957) found thut in tobacov, myaptome of
ayatesio infecticn of moseio virus developed enclder in plants
that received no phosphorus than thoao with excass phosphorusa
Bodo (1949) coupuring tho effects of nitrogon, phosphorus end
potassium found that infeodion of potatoes by leaf voll wue
losst in KP plots. Aranz (1949) hed cancluded that dofieicncy
of nitrcgen cxused an exxllcr eppearanca 0F lesf roll on potatoes
than d1d lack of potessiu; end phosphoruss Kendrick et a3 (1951)
obmerved a reduction in welght of tonatces intected nith tobacco
wouale viruse The reduction was accsntunted with high phospherus
treatmentas. Winscher (1952) found Qecressed wupceptibdiliiy of
potatoes to virus infeotlon through aphide by Gecrensed phosphorus



epplicaticms Schlagel gt ol {1953) found that radicactive
phosphorua {(P°2) 1n young moselc {nfected tobosco loovas inhibited
virus forcasion end syeptoa expression. Cerponter (1964) concluded
that iranamisslon of besn yullow nogaic virus by sphide wes unaffected
by phosphorus mitrition of the hoste Welton (1964) cbserved that the
sumceptibility of Lincoln pess to indculation with beon yellow mosaic
virus by ¥yzus paraions was unaffected by addition of phoophorus.
(b) Effect on wirus comcentvation, mnltiplication. sotivity and
moverents

Pound and Weathers {1553) zeported that in Micoticna
glutinosa and Neeltdvaivis affeotsd by turnip vizus I, virve cotivity
corrasponded clogely to the amount of phosphorus supplied to hosts.

Papagolomontos end ¥ilkinsen (1959) found %hat the virus comcentration
asosyed on Nuglutinosn Woﬂ &3 the phosphorus level was raised
fron subtnormcl to sbove normals Saatry and Vasudeva (1962) bod
observed that conosntration of the sunnhomp mosalo wirmw progressively
ineraassd with inorcuse in phosphorun supply, even though growth wae
retardod at highor levels of phosphorus. They reported in 1963 thot
zovesent of mumhemp mosnic virus storted earlier in plenta recsiving
exceps phosphoruse According 0 Sadasivan {1963) incresced phoaphorus
oupply had incroased virus activity of expressed s2p, bub levala
couning etunting elsc incroasod virus sultiplication. Sinch ond
Thargava {1966) obesrved that in the coss of watermelon, concentration
of nogaic virus contimuad to incrosss at phosphorus levolo higher
than tho optimm for growth.
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{0) Effeot on horus pontenks

Deat and CGallus (1953) obzoxved increased concentzations
of protein phosphorus in tobeeco leaves infested with mosale vima\.
fhew ond Samboraid (1956) ohowed that phoaphorus scoumulated in the
young local lesions of tobsoco mesalo viruo on Eicoiiana.
Koslowska (1950) hed obtained hisher percentage of phosphozus in
potato plants infected by virus ¥ then in healthy controls. Ho obzerved
in 1364 greater ancunts of phosphorus in pototo tubars infecied by
virug X und Yo Pruss st al {19565) found that the phoaphorun contant
in hop plants effected by hop curl discase wus hicher,

(411) Potossiumy

{a) Effeot on _sympton expressions
Spancer (1937) working on the zole of potessiun an symptom

expression of mosaig wixug of tobooco fourd that application of excess
potagnivm irmediatoly before imeulation wap condugivae to the early
developeent of syaptomn. Syxplom expraession was delayod when the
interval botwoen fortilicer application and incculaticn was hirhere He
oould corrolate betwost: the duration of the trsatment and incubation
pariod of virus in plants. Bc‘xh {1949) obsarved that infection of
potatoss by leaf ro0l) waa merkedly higher in the plote where potassiun
wos applicde Aremz (1949) fommd that oo much potasaium promots eympton
«xpresaion of potato leaf roll. Kendrick st al (1551) obzerved a
moduotion in weight of tomntoss infected with tobaceo mosaic virus.
This reduction w¥as ninimiped with high potassiva end eccentuated with
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low potassiim trsatments. Winscher (1952) reported that increasing
awounts of potessium sulphate decreaned tho suzeoptibility of potatocs
to vinus infectlon ¢hrough aphides It wos found that the incidence
of ¢rown dieease and 11ttlo leaf of cil paln increesed when they were
surplied only with potassium (Ancn. 1958)s Welton (1964) obsarved
that suscsptibility of Lincoln pess to imoculation with bean yellow
mogedo virus by Mymus porsicae was uraffeoted by additioms of poteasiun.
(b) Bffoot en vimo oomogntration, sotivity, multinMeation sng
aovexmants

Found and Weathers {(1953) found that varistions in the
potasaiun eupply did not notiesebly affect virus activity of tuwmip
virua I on Xicotiana glutinoss and Femultivalvis, FPapesolomontes and
Wilkinson (1959) experinenting on fomatosn infeoted with tobasso mosaio
virus zmaponted that when potasslum lcvels were reiced fyom gub-normal
t0 edove-norzal, there was no'significant effect on virus concsatration
in the excised towato roots. Gastry and VYacudeva (1962) fourd that
though increesing lovels of potnssiun showed slight incresso in growth,
thexe was no morked effect on virus ooncontration. They indicated in
1963, that sovenont of eunnhebp mossic virus started earliee in plants
rocelving deficicnt potuum;lmho
(c) Effeot on potassium content:

Kozlowska (1959) sot higher parcentage of potessiuz in
potato plants infeoted with potato wixus Y than in healthy controls.
He obzerved in 1964 higher asounts of potassium in potsto tubers

!
!
|
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1nfeotod with viruoes X end ¥ than in the healthy plantoe

Frusa a% al (1955) showed that 1n Giceased plenty, the content of
potcaniva was regularly higher than in henlthy oneg.

|

(1v) calolumi |
|

Acoording to Saddeivan (1963), caleium deficlency
reduces the munber of local lesions by affacting intrinsic cell
susceptibility rsther than by neluemnieal rasistance to entry of
virusen. Welton (1964) found that tho suscoptibility of Linooln peas
to inoculation with baan yellow wossic virus by Iyuus herpicag wag

t
wnaffooted by eddition of calciun chalates.
E

Seatry (1965) olbetsmed that above an optimm lavel
of calcivm, growth of Crotalswis juncen vas retaxded ond concentration
of eumhanpy mozalo vims reduced.
i
Shaw &nd M (1956) shomed thet calcium cccumuleted
in young locel losiono of tobaooo mosalc virus on Nocotiona.
Pruse ot 81 (1965) found that iu hop planta infocted with bop curd

digesso, the content of calcium was higher than in healihy oneo,
| i
}
(v) plime |
I

It wan found thatl incidenco of 01l paln crown dicenso
and little lecf incrensed where potassium was applisd &lone, but this
wan counterbalenced by the oddition of magnseium (nony:ous, $953)e
Wolten (1964) roponted that succeptibility of Lincoln peas to imoculatic
with basn yollow eomale virue by ¥yveus persiceo wos unaffected by



12

adaition of magnesium chelstes Prusa ot 21 (1965) showed that
[
infection of hop plents with hop curl Sisezse was noticeobly inhibited

by spraying or irrigation with calts of msgnesium.
|

Byjkoff ond Em.m;ova {1948) found tint when balf leaves
of Ficotiang glutinosa plents inoculeted with tobacco mosaie virus

wore kept gubmarged for ssven éalvs in 8 0.7 par cent solution of
segnesium sulphate, multiplication of virus was markedly depressed.
Sastry (1965) obsexved that sbove o certain optisum magnesiun level,
growth of Crotalarie juncea infected with sunnheap nozaio viras was
wan retavded end virus concentration roduced.

fele ot a1 (1 946)I ohowed that magnesiun content was
consiatontly highaer in beat p}rmts infocted with beet yollow virus
than the heslthy plenta end thal% the difference veried with the degree
of infeotion, Pruss ot £l (1965) got no mignificont difference in
ragnesivn contents of hultmlr and 8imeased hop plants infected with
hop curl disense

(vi} gulplurs

Aranz (1949) founf that wegeneration of potatocs
infectod with potato leaf roJ.EL zcould be offected only Yy application
of nitrogen. This effect was favoured by application of sulphate.
Accoxrding to him, this was d(;a to tha higher formaticn of plent protein.

Iing and Pound {1962) reported that in tobacco plants
grom without sulphur ox with sub-optimal sulphue, cccurmlation of

tobaceo masatc wirus wags rarkedly and consimtently less than that in

F !
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plents recsiving optimal sulphur levels. Sastry (1965) noted thot
growth of Crotalaris juncea nnd concentraticn of sumhenp mosailo wirus
were reducad ot levels of sulplucr edove the opiimua for growtha

tuea (1556) obsazved that in healthy potato leaves
eulphur was uniforsly distributed, but in thoce infested Dy potato
leaf 7011 virus, 1% sotumulated in vho veins though upizke weo less
thon in tha heslthy, With mogzic viras, it tenfed to sccurmicte at the
ofges of the leaven. Tn tobaceo plants infected by nosaio wirup and
potato virus X, uplake of the glezent was slzo roduced snd it accumulate®
in the velnss Prusa et al (1965) found that hop curl disczea of hop
planto did not tring ahout a.n;rl ohange in pulphur oontent in the plants.

(vii) zing:

Yorwced (1954) Idmnatrated that the susceptibility of
Pheseolug vulraris lesves to tobecco nozaio virue wae induced by 10
oimites' ixseraion in 0,007 to 0.003 por cent gino culphate, The sace
troatognts decroased the muzbers of tobacco mesnic lesicns cn
Nicotisna glutinoss loaves, Rioh (1556) got prorieing results with
gino sphate which weducad the porcentage of disonzed plents par plot
£rom Ba6 £0 840s Prusa (1965)l found that hop curl dissase of hep
plants ves noticesbly inhiblted by spraying or lxrigation with sxlts
of zinoc. l

Garcie (1965) e,:at incransod virus concentraticn end
loeal lesion production in tomato plants infacisd by tobacoo wosaice

vizus by gino sprayse
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(vi14) Bozoms

Pruss gt Al (19165) roported tiat hop curl diceasa wa
nojicendly inhibited by spraying or i{rvigation with calls of boxon.
According of Mlbrath ot al (1%366). in & diseaso of ewdet baxry in
whioh & viruo and boron doﬁd!ﬁw woere involved, trecs sproyed with

Yoron projuced normal fruits m}:d leaves.
!
Tord cnd Iotezan (1564) conoluded that potato vizus X

concentration in N.tabacum increazed more lowly initially, it later
{

reaghed higher cuncontrations in inoculated leaves of boron -~ deficient
{

plania than in thone with cufficien® bozon. Doron deficiency did not

alter virus trangloccticn.

Tord and Satszan (1964) found no oiznificant Aiffarsnce
i
in boron deficlency of Ricotiana tabzoum dne to potato wirps X infestion,

(4x) tzone | \

Zelenova {1964) reportsd that insufficient ircn and
oangonecs Giminishefl aymptome of infecticon of cutumber mosalo vimus in
cuounber (Cucurds eativus) |

K=di end Ra:cha!.iﬂ!umi (1966) obsorved in tomato plants
that concontration of potate virug X was less at low than at high iven

levels. Teficlonoy of iron appsared to limit virus mitiplication,

Fruea st 81 (19615) found in hop curl diecase of hop
plants that there was no @ifference in iron contento before emd after

the incidence of the disense.
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|

(x) Yonzanosp:

Tolkie and Pound (1957} found in tobacco plenis
Infentses with tobagsceo mosalo vireg that syupioco were less nerked 1n
mangonese daficisnt plonts, thon thoge recslving complete rnuirients.
Cozponbor (1964) ohomwed that transnigsion of boon yellow mosalc virus
by aphido mns waffected by manpganone nutrition of hosts Zolenova (1964
obzarved ihwt insufficlent mangensge in the nutritivo medivm diminighed
aympiona of infaotion with cucumber mosaic virus onm cucunber.
Fruon (1955) mhowad thot hop curl disenoo in hop planks was nobicesbly

inhivited by opraying or irrigation with salts of mensanese.

Yolkie ard Found {1957) got 50 per cent moro vizus
por unit welpght of tiaeg:re in mengansoe deficient tobaceo planto infeotod
with tobaceo mosale virun than the munganese suppliad.

molide and Pound (1957) reported that tobocco plznts
infooted with Sobagco masaic viyus chowed leza chlorosia in tho case of

mengonase deficiency than in uninlected plento.

(xt) rodybiorune
Bruca ot a1 (1965) ehowed that hop curl disezno of hop
pleats was Inhibited by epraying o drripotion with salts of molybdenunse

kecorsing to Sastry {1962} virue concoutration ic
poaitively cormelated with plemt growth. o found that $ho mawimms
conceatration of virus wng chéained ot iho lovel optimm for gromth

et B11 stapas following inceulntion.
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(xii) chlorines

Dioxaty (1955) found that escops chlordde in the soil
axgnénentn ptrongly actelexatsd tho novement of X wirus of the tomato
plonts

Effect of yrutrients (nitroren hoTus tossim, calcium ond
pegnogiun) on Funchy Top wirue of Lmnznag.

Yanbinr and Yair (1965) showed tha$ nitxozen contenta

of poila token from infested arens weve high in comperisom to healthy
areas. Compursilvs leof analysis indicatod that the diseesed leaves
contained more nitrogen than the heslthy. Nefr and Pillad (1556)
soneludod that ihe uptaka of niteogon wae elgniflceantly influsnced
Wy magneslum and caloium. It wss elso shown thal higher nlizogen
contonte led to an ecarly incidenco of iufeotion. Iadr and George (1966)
raported that thers vee an increase in nitrogen conient of lozves after
the incidence of tho diecase than bofors i%. Algo, tho nitrogen content
{ infected plonts remained faivly constant in the conirod aind the
plants trected zith coleiuw and magnosiume. The ameunt of nitrogen in
tho leaves of nll thoe plants under different treatmento were found to
bo higher than that in the lecaves of 3lents which revietsd {nfocticn

in tho work of Mair and Pillai (1966).

lombiay and Faix (1965) found highar contend of
available phogphorio celd in soils collected fron discased aoesfe
Higher phoaophoric acid econient wos noticed alge in tho ease of discasced

loaf sampless Nair cod PAllad (1966) concluded that tha uptoke of
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phosphorup appeared to have a eigaificant effoot in deloying the
incidence of the dizsnaec. The higher tha uptake of phoapkorus, the
earlicr wos the infection. Halxr and Coorze (1966) cbsarved highor
phogphorus content in louvga of infected plants, The inorens=d
concentration of phogphorua noticed in the plant leaves after tho
incidence of tho disensa wze pointed out to be due eithsr to increnged
abgorphion of the alement or to diglurlance in the mechonism of

tranalocation.

Neubiar end Nair (1965) reported that there was a
higher concsntration of available potash in tho £0ils of hoalthy oreap
os coxparsd to tho dicesscd., They also cbscrvoed higher concentratiocn
of potash in lhe discased loaf cemples Ag comparcd to the healthy,
¥air and Oeorge (196G) found that thexo weg an inorsase in potessium
content of losves after the incidence of the discase. Also, it wzs
noted that poteseium content of the plent tissus in all the tractmentn
weas higher than wint was roported by Hair ond Pillai {1966) for plants
which delayed infastion by an approclable pericd of tioe,

It won oboerved by Kambier amd Heiy (1965) theb sofls
from nites of healthy plants in both lnterite and stndy axces showed
& higher oontent of total end exchangeable caloiums Apalyeis of heslthy
end disoosed lezves chowed sigpnificantly higher values in thn heslthy
plantses Esiz mnd Pillel (1966) concluded that the uptake of caloium
had a wajor xole in the incidance of t“e Bunchy Top diocape. The plants

which hed delsyed infection kad & higher porcentage of caleium, than the



plants which got dloecpe anrlicre Hair erd Gooxge (1946) obsooved
higher caiefun cantent in loaves bofors ancidence of tha disguse than
aftoy infoctions Tho abgerption of celeiur by plsuts wider diflevent
traciments bofore infecticn was not aignificanily different, indicating
that boyoid 2 cextain lavel of calelium, fupther addiiions to the

natriont cedimm would huve no offoct on tisaue coupesiiion,

Taubiar and Iair (1265) showad that the solls from the
sitas of healthy plantz were higher in totzdl and exchengenblo cegnesiun
cozpared to disensod eresss Healthy leal paoples wera high in the
contend of mngnesium an compared to the dicessod. Tho work of Lalr
ant Pillni (19C6) showed that there wes o high content of magneoiun
in iho loaves of plenits which hod delayed infoction, ecumared to ithone
whioh hed eamlier infegtion. Madr and George {1566) zeparted that
incrcanaed ebgerption of magnesivm by nlanto wes favoured by lowers
conoentrations of calcium and thai all wne plants contained eppreciably
higher quantities of zegmesium before tho incidence of 4the digongn thon

after infection by the wirusg.

Celefum vius nagmesiumn:

Tapbler oed Usir (1965} reported that solls collected
feom discame provalont arveas had lower celcium and magnesiun in the
case of Dunchy Top dilscase of banans. Celeium ard magnesiom loveldm
viere Jower in the diceased lenve. aleo. It weg concluded thet
mopnesgiun alone ox 4in cocbination with enlefum hed a mexariabla

effoct in delmying the sppearence of disecuso sywpitoms. Studios on
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Dunchy Top of bangna by Nair end Pillei (1966) revexled that ealcium
oxide/magnesiva oxide retio had a major role in delaying the disenyes

A atio of %3 to 4.0 in the plant tiosue could resist ihe inoldence

of Tunohy Top dimengs until the emorgonco of bunch. EKalr end

Gacrge (1966) oonoluded $het rasictancs to Bunchy Top virus may b
correlated to the ratio of caloivn oxide plus mesnesivm cxide/

rotosnivn oxido in tho lsof and not merely t0 the ratio of calelum oxide
ragneaium oxide.

Coleium plus osd) miuns

Nambisr and Mair (1965) roportcd that calcium oxide plua
mmgnes.un oxide/potassius oxidoe ratio in the leaves hod & besring on
the incidence of Bunchy Top dicoese of bansnn. The ratl0 wom lowor
in digeaged leaf parples coopared to the healihy. Rurther axperimonts
by Nedr end PL2lei {1966) revealed thet a esloium oxide plus
magnealum oxide/potassivm oxide ratio of cmo or neep aboud ope in
the pleant tiesus could oucesssfully recist the incidence of Dunchy Top
dingens until tho smorgence of bunch, Gevrge amd lHodr (19566)
conoluded that tin resistsnce of Dunchy Top virus pight bo corzelated
to the zatio of calcium oxide plus capgnesium oxide/potassium oxide
va$io in ks leaf, and not merely to tho rntio of caluium oxids/

magnesiun oxide
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The experinent was conduoted at the Agriculturel College
and Nosearch Institute, Vellayoni during 1966='467 to otudy the
eelstionship Betwean the mutriticnal statas of s0il end the incldance
of Eunohy Top dissase of banans, This 18 {n contimuation of the
previcus work under eemiefisld conditions,

A, ATZRIALS
1+ Beinforoed cwamnt concrete rinems

Thixrty seinforosd csment concrets rings used in tho
Fravicus year vare used for plenting euckers after £illing with one ton
#olls The rings ware 1.5 metros long with a rzdiug of 50 cm and were
ipplented 2,5 Retres cantre to centre either way. Somiefisld oonditions
with restriotion in syrssd of rooty leterelly was thus chtained. The
rings aleo helped in using & weighed quantity of sotl in which o plant
the mchers.

2s Soils .

Each plt was £illed with one ton solle Defore the pits
weare filled im, the ¢oll was mized with IOX fertilizezs, lise end
pacrasium erdonaie. The mechanical ond chenic:l cosposition of the
=oil are givan below.
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Nachsnical composition of soil
(Exprezeed os parcentsze an oven 4oy besie)

Cozzae gendl = 4028
Fine send - 655

o1t - 10,60
Cley - 26480
Ohemical composttion of soil

(Expreszed es percentage on oven dry basis)
Hitrogen - 0,0062
Potash - Ou1664
Calcium oxide « 0,015
Hagnssium oxide 0.0623

5s Honupss end fertiliverss

%o organio marure was usede Nitrozen, pheosphorus and
potosaiun were supplied throush fertilizera.

(1) Mitvogun A totsl guantity of 1350 g smoaium salphate (2078)
was applisd in two doges to eupply mitrogene (900 g first
wixed with tha eoil)

(51) Phosphoric eaidy Super phosphste (168 "a"s) was ayplied at
the rate of 1360 g per plant (mizsd with ths eoil)e
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(111) Potash: Meriate of potash {60% K,0) was used ad the rate of
4360 g per plant (mized with the moil).

(iv) Secondary slements: Hluked lims analysing to 59,65 per cent
Cad end magnesiva carbonate coataining 41.002 per cant Mgd
were uscd 0 surply cslolum and magnssiva respectively as
per the varicus treatments.

4+ Crlcivm cavbonate = megnesium cavbonate emulaions

The ;mlni.m was prapared by mixing calcium carbonate and
mrgngeive carbonate with water to give a pasty consistency. The
chericals wero used in auch a way &8 40 giva a Cadi¥a0 proportion of
Bt  'T2pol? was used &3 the spreading agent.

5. Banana suckever

Suckers of the suscoptible ‘Henlren?® variety were collected
Irom a neardy dlmezss~Lras Plantaticn. Thess wers dried snd kept in
shode for a amth bafore planting.- The weights of dry suciers ranged
from 0.0 kg t0 1475 kge These were ranked according to weights and
allofted to hlocks in the onxler ar_nisht;s.

1

Ge Yeotom: .

Banana aphide, Pentalonia nigzonarvosa Coge rearsd on
digessad planta were ¢olleotsd along with plant {iswues £nd rolexsed
on healthy exparixental plents at the rzte of 25 sphida per plent.
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B BETOTY

1s Roy cuts

The sxpariment was loid cut in rendoaised block denien
with five treatnants snd six replicatiocns.
2o txantay

Two ratios of Cad/Mg0 in the mo1l were coupared at two
levale of sarnesium and three levels of calciume Tha treatnumts
were ap foliowss

Ratio of Actunl
eppiication  ratio in smoil
1, Cal  0.,00% ang ¥g0 0,00% 0 (Control) 1.3 s 1
2¢ C&0  0,15% and Hg0 0,058 2.1 s 9
3 1 1 ratio .
3¢ Ca0  0.50% and Me0  0.10% 2.4 s 1
4s CaD  0.30% snd Mgl 0,054 g 54 2 1
6 1 1 ratio
5» Cal 0.60% and g0 0,103 42 5 1

Calcium oxide and mzpnesium oxide were arplied on the
bosls of the sbovo percentczes in one ©n 6011 used in each pit. The
emulsion of colcium carbonate ond mugnesivm cextonate was applied on
all plents of the sizth raplications

3o Starilisation of pitae

Sterilisaticn of concrets cylindars wes dcne by etuffing
trash and dry lezves inmide, and turning.
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4o Amncnﬁun\ of fortilizers and ;?cmu:z mitrisnts:

900 g mucnium sulphate and entire quantities of super
phosphate, murlate of potash, lims and magneslum cardonate were '
ayplied just bafore £illing the pitse These were mixed thoroushly
with the ootle 450 g samonium sulphats ves applied on 1=12-19G5,
o1 deys after plenting. Thie was applied and mizef with the ¢op
#0il %0 & depth of 4 iunches.

s Elanting

Flanting was dcne 40 the centre of the ring on 4=10-1366,
Plonting wasz done in asuch a woy that the rhizcms wes complately below
ths s0il surface. 10 plants, randomly selescted wers plented in em
adjscent plot to chsck whother the guckers ware originally disezse~fres.

6 Irrigations
Irvigotion was givan en and whah reguired.

Te Coravings

All plants ware sprayed with !oudel R 605 (0,02 pax mt)
at an interval of 10 days from %-11=1566, to prevent any natural
infeoticn through sphids, This wea centinusd till 10 days belcre

incenlation.”
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G. Application of smulsions

The emilsicn was applied ot plents of the cixth
replioaticn cn 3=2=1967 one day prior to dincomlaticn. Poticle sud
resudcaten ware uniformly pzated with the emmlsion, 411 ths leaf
oxile were covered with the pastes

%a eans of achides )

A cool and molst atacspherc wes provided byfomius{a
pandel cver the experimental plente, & day prior t0 libarstion of
aphids. To provids congenisl aonditiors, ths £100r was molstened
a day prior to inooulstion end thic wes continued for 9 doys.
Inoeulation sas dons ou 4=-2-1957 when the plsats ware § montha old.
Infeotive aphide at the rate of 25 per plant were released in the
axile of thy tcp-mOnt lezves of all the plents. This poznticn was
covered with bensna lesves to provide kamid conditions.

Pandal was reroved an Gw2e1967, 5 days aftexr inconlation
and Foildol ¥ €05 (002 per cent) sprayod to destroy the sphids.

10 Pecoriiing obwarvaticnas
I

(a) Plant growsh |
Ths growth characteristics of ths plent recorded were
the following.
(1) Heicht of the plants Thie wes xeasursd from the soll level
to the apex of the pssulostes.
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(11) Girth of posudostens Measurod at the base of pssudostem.

{111) Furber of fully opened leaves.
(iv) Length of laaina,
(v) Wdth of leavess The rezion of maximum width of the leaf

x

was meagured.

1
Tha observations were recorded regulariy at an interval
\
of T dayo.

El

(b) Disease symptomas

Syaptonsg noted for the Rmcly Top disease were the
following.

(1) Presence of irregular, nodulazr, dark green atreaks seen
elong the secondery veins of the leaf blaede, along leaf
ptall ardedong the lowor portion of the mid ribe

{11) Refuction in size of leaves. |

($41) Barsh and brittle nature of retiole and lanina, corrugated
nature of maturo leaves, and up-aa.rd_-z;ned margins of young
leaves, 0

{iv) Absence of normal elongation 5o.’c‘ the petiole causing lesves
t0 assume sn urmeually ereot position, thms lcading to the

‘rogetied? condition,

(o) Chemical snslysis
Analysis of semplea of asoil, leaf and root were done for

nitrogen, potassium, c¢aleiun and megnesium. The semples were taken
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from all plantes of the sixth veplication,

Soil sauples wars taken on {u2-1367, prior to incouvlation
Sfrom 8 ragion 9 inches tc one foot dea). Those ware analysed for
nitrogan, potagsium, calcivm ed magnesium,

Honthly leaf szxples ware colleotod from all plants of
the sixth replication from 4=1-1567, one month pricr to inoaulation
end oontlnued $311 4=5-1967. Thess ware analysed for the ears
congtituents as in tha case of eoil,

Konthly ssaples of rocts waze collected from 411957
cowaxds ax oontimued £111 4-4=1967. Jnalyels for the szxe
conatitusnts ea in 80i1 and leaf samples were modes

Leat swrplos of dmughter suckers wers colleoted cn
26-6=1967 and analysed for poiaspiue, calolua sud magzmesiim.

Hitrogen was estimatsd by Ejeldahl xathod es givendy
Piper (1950)s Fotash wrs eatimated by the xethod adopted by the
240,40 (1960)¢ Versens method as given by Jacksca (1958) was
adopted t0 eatimale calclum and masnesiume



RESULTS



BEsuLzs .

Growth messursuents of all plants were rocorded at waekly
intervale from ono month after plenting and were ccatimed $111 tho
sppeerance of disease symptoms. Height of plant, girth of pseudosten,
nusher of fully cpenml lecves and length and width of leaves were
recordeds Inoculation with infective aphids wos done on 4-2-1967,
four months afier planting. The nuzher of daya token for the appesrancs
of diasecsze synpioms, wes noted. Semples of soil leaf and xcol worse
colleated from all the trentnents of the aixth xeplication for chemical
analyais.

Growth_charnoteristion:

The &verage growth nsasurements for height of plent, girth
of pseudostem, mumber of fully opaned leaves and length and width of
loaves ot weokly intervala are given in Tables I to Vo There was
inorsased growth raole for all characters till the oppsarance of disesss
syptoms. The pleats cesged to increase their haight and giztt} after
the ocm;'zaneo of the disonse. The longth end width of newly amorged
leoves decronoed mnd lotex the leaves falled to emerze fully,

The growth neasureasnts, two days prioyr to inoculation end
thres doys before the oppsarante of first syaptom werc analymed
piatistically. Thore wom no significant differenca batween the trestuents,
showing theveby that growth rate was umiforn for all the treatzents.
The annlysis of veriance tables are given in Appendicea I to Xe
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FABLE T

Avarage growth nessurements at weekly intervalc - Haight of plents in cm.

Retlo of Calilig0

Date of 9 511 611
measurcuent Level of MgO in percentoge
o{?1)  0,05(T2) 0.10(73)  0.05(T4) 0.,10(75)
171156 50497  46.00 45.00 53467 45.67
24—11—F66 54483  51.67 48.50 5700 49,00
L I - B 59:83 55467 52417 61.67 5217
Bmm{2ewmb6 65.50 59417 56483 66417 55,03
15wei 2e=b66 T70.00 64483 62,00 71467 60,00
22=12-m=b6 78,50 69,67 69417 76450 65.50
2026 83.17 7533 72.63 80400 69417
L i 90483 80,00 78450 83,83 72,00
[ 100,83  90.83 86.00 94467 80.67
19—t =emb7 108.47 96,50 91.83 101433 85.50
26167 112,50 103.83 96,67 107.33 91.00
b, BN Y 119,67 110,17 101.50 114,00 96,33
oo 2] 124.50 116417 106,33 119.83  100.67
16emPmemtT 127,65  120.50 109,83 124400 104433
255 133.83 126,00 116450 130,17 109433
PR R | 142.00  135.50 125,67 139,50 11517

Gt B 57 144483 138467 130483 143.83 119.33
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TABLR XTI

Averaso growth measurenats &t woakly intervale-irth of Pesudostes in cm

Ratio of CalslgO

Date of 0 311 631
Reagurement Level of ¥gO in porcentegs
o{m) 0.,05(T2) 0,10(T3) 0,05(74) 0.10(15)

17=11=66 16450 14.83 15.83 15417 13.33
24=11=66 17+33 15.67 16.83 16467 14.50
11266 18,50 16.67 18.17 17467 15.50
Bne12~66 19.50 17467 18.67 19.50 16.33
15=12.66 21412 20,00 20,00 20433 17.50
22-~12-66 23412 21.67 21,33 21.67 18433
29-92-56 24.33 23417 23,00 22,37 20.33
Seat=f7 26.83 25.83 25.67 25,00 22,67
12167 29.50 28,63 28.17 20467 25,83
19=1=6T 31.83 31.67 50617 31.17 28450
26=1wnbT 3417 33,83 3217 53.50 29.50
22T 35467 34450 33.83 3583 3133
9267 36435 36450 34.67 36433 31.83
16=2uub7 36.63 36467 3517 36.83 32433
2%m2mef] 38450 39.83 37.00 39.33 34450
2367 41.00 42,83 40617 42433 34487

9=3-67 42,17 43467 41.33 43.00 39433
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Nuzmber of fully opened leavea
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Ratio of CalsMg0

Ite o 0 301
meagurencnt Level of Mgl in percentage
o(™M)  0.05(72)  0.10(73)  0,05(74) 0.10(T5)
17=11=66 5450 4017 4467 4467 417
24-11-66 6.67 517 6400 6400 5417
1-=12=56 8.00 700 Tel7 Te17 6467
Bet2-66 917 8,00 817 8.17 767
15=12-66 10.67 9.00 Q¢33 917 8467
22-12-66 11.17 10,00 10,50 10.17 9467
29=12=66 12433 11.00 11.50 1117 10,67
S lenbT 13.50 12,00 12.67 12433 11.83
12=1a=bT 15.17 13.33 14.17 14.17 13.33
19=1u=b7 1633 14450 15617 15.33 14.33
26ma=bT 1733 15450 1617 16433 15.50
DD 18.67 16467 17.17 17433 16.50
o5 T 1967 17467 18.17 18433 1750
16=2==67 20,50 18.67 1917 19433 18.50
23267 21.33 19,67 20,00 20.17 19.33
DB 22,00 20,67 20,83 21.17 20617
! Gum JuGT 22,50 21.33 21,83 21.50 20.83

K
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TABLE IV

Length of leavas in ¢me
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Ratio of CaOilgO

(o} 331 631
Date of
of{z1) .05('1‘2) of ¥eo 13 0.10(1'3) 35 0,05(4) 0,10{75)
171166 52450 49.%3 47.85 5567 48,83
24—11-66 57450 51467 48400 57617 51450
T TS 52463 54483 49.83 59417 52483
Be2—66 64467 56,50 5217 62,83 54450
15=12~=66 70,17 59,83 57.67 67.83 59467
221266 75467 66050 63450 70,00 63417
291266 64417 75433 68,33 7767 70.00
Smeetaet57 93433 84.33 79483 85467 75417
12-=1—wbT 104433 94433 B89.67 93,50 62467
19~—1-—67 102433  100.67 94,67 99.67 a7.00
26—=1e—=67 11517 106,03 99,33 106.00 92,17
2eZm6T 119483 112450 104.83 110,67 93433
GmamBemb7 123,83  115.50 108,50 115400 100,17
16mm2==m6T 127083  119.50 112,67 121,67 102,67
23wa2==67 133,33 124433 116.83 127433 109,67
Dmwe3wG7 137633  131.50 121,53 134400 114450
Ge—3=—e67 13933 134433 125403 136.00 117,67




TADLE Y

Avorsge growth meagurseents at weekly intarvals
Width of leaves in cm.
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Rntio of CaDsMgz0

Date of 0 6ol -

Esasurezent Leval of ¥g0 in parceutage
o{T1) 0+05(T2) 0,10(23)  0.05(74) 0.10(15)

171166 28,67 27433 23,03 268.33 24483
24-11=66 29.83% 2750 24407 30,00 2550
1==12=66 30633 28433 25+00 007 26407
Bem{2=£66 3267 28,03 2%9.83 32467 29,83
151256 350400 2153 3017 3517 29467
22=12=67 3733 58453 52,83 38617 3117
201266 4067 5233 37%5 39417 34017
o Y | 4483 454033 4117 4317 39617
12-1==57 4933 47033 45.00 45400 42,83
1917 5033 48,00 45+30 40450  42.83
26~1=b7 S50+67 48,00 44467 47«00 41450
Y | 53433 5150 4717 5067 43.57
A | 54450 52267 49450 5133 44483
y [S Y 55400 53s33 5117 53217 46417
2FDwul)] 55.00 5217 51.00 5250 4583
e 53467 54017 52400 5517 45417
- Y 4 5483 55495 52450 6533  A4T417
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Appsoranca of disease aywptomss

The mmbar of Qays taken for tho appearance of syaptoas in
the disesced plents under various treatzents are given in Tablo ¥I, The
nuber of plentm infectsd in the treatzents 1, 2, 3, 4 and 5 wars two,
cne, five, four and five reapactivelys. Trsatment 2 aoppsared the best
with enly one ocut of six pients infacted, f£ollowad by the oontrol with
two infocted plents. Treatments 3 and 5 hed the maxiowm number of five
plants sach and treatment 4, fours

The nurher of days taken for infection varied from 36 to 50,
esxcept for treatnent 5 in block III which showed sympioms 922 days eftex
inoculatiom,

Diogose synptons In daughicr suckerss

All tho suckera of digeancd plents ehowod oyoptons of priuzsry
infection. GSuckers of healthy plants rozained hgalthy. Suckers appsired
to smerge earlier and in larper numbers in 8igeased plents,

Patrient content of ecils

Semplen of original eoll wars collecsted bofore mixing with
fertiligers and mecondsry mutrients. Cn tha date of inoculation, eoll
saoples from 2ll trsstments of the sixih raplication ware collected.
Chezical analysis of soil was done fox nitrogen, potoseium, calelum and
megneziua. The data on the nutriont status of s0il ocro given in
Pablos VII &nd VIII.
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TARLE VI

*umder of days token for the appaarance of diceass symptoms
after the xrelease of aphids

Ratio of CaDslg0
0 321 631

Blocks
Levels of ¥g0 in percentags
o(™) 0,05(72) 0.10(73) 0,05(74) 0.10(T5)
I n H n 38 59
I K 36 5 %0
Iz B 39 H 122
w 50 39 38 ! 57
v 32 37 38 36

n g H 57T 42 B

H = Healthy plents
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TABLE VIl

Matrient content of original soil and the treatumtg
during £111ing pite

~atio of Cs0s MpD

Original
Tutrient soil O 331 611

lavel of in
o(T) 0405(72) o.:o(%()) 33?('33“ 0.10(15)

» 0.0862 041042 0.1042  0,1042 041042 0.1042
x,0 0,1664  0.2480 0.2480  0,2480 0.2480 0,2480
Ca0 0.0815 0.0815 0.2515 03815 0.3315 046815
g0 0.0625  0,0623 0.1125  0.,4623 0.1123 01625

Ca0/Kg0 1.,5082  1.3082 2.0614  2.3506 3.5971 441950

CaOMEO/E,D  0.8642 07452 13863 21928 1991 34024

TABLE VIIX

Butrient content of voll cn the daio of incculebian
{Exprosned as percontags on oven dzy basin)

Ratic of Cadiln0

0 311 611
Hutrient
Lovel of MgO in percentage

o{z1) 0.05(72) 0.10(73) 0.05(73)  0.10(T5)
1 0.0810 040683 00567 0.0661 0,0500
K0 0.1397 0.1848 02259 041561 0.1212
Ond 0.0438 040533 0.0933 0.1067 041600
Mz0 0.0524 0.1024 0.1524 0.0952 0.1476
Co0/Ng0 0.6359 0.5205 0.6109 1.1208 1.0840

Cate50/K,0 0.6286 0.8425 1.0677 142934 245319
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There was a marked decrease in nitrogen content of soil
four wonths after plenting. The percontege of nitrogen cume down from
0.10 in the beginning o 0,08 in c¢ontrol and to 0,05 in treatment Se
Anslycie of soil on the date of inoculation, four monthn after planting
ghowed & decrensa in nitrogen content of scil with increasing emounts
of celoium ond magnesitm applications Hitrogen content wos highest
in the control and tho lowent in treatment 5. Tho levels of megnesiwm
hafl Influcneed the nitrogen status of soll more then thot of oslcium.
Inoreasing the lavel of mognosium £rom 0,05 = 0,10 per cent markedly
voduced the nitrogoen contant from 0,068 = 0.058':: par cents The
influonce of the varicus levels of calcium was found to be slight. The
ratio of CaD/iz0 A1d not cess to hove any influence cn the nitrogen
status of golle

A paduotion in potash content was obgerved four momths after
rlentinge 1t decrensed £rom 0,25 per cent in tho beginning to 0,23
per ¢out in treatment 3 and to0 0,12 por cent in treatment S. The potash
content showed highsr values with incrensing emcunts of caloium and
negnesivn application upto a level, Un the date of incoulation, A
narrow Co0fig0 ratio increcsed tha potash stetus end a wider ratio
tended to reduce the same. Trerimant 5 which rgcoived the higher levels
of CaD amd Mg0 in the ratio Gi1 recorded lower status than even the
aontrol.

A varked decrence in ciloium content was obsexved in the casa

of caloiun four months aftor planting. The percentage of caloiwa oxide
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caxe down £rom 0.00 t0 0.04 in the control end from 0.68 to 0416
in txeatnsnt 5. Analysis of soil on the date of incoulstion four
moaths after planting showed &n increass in caloiun content with
incresaing levols of applications Treatuent 5 showed the higheat
value of Q16 Der cant and the control, the lowests For tha gane
levels of calcium application, calcium content wns fomnd to be
higher vhsn the level of magnosium wag lower. The ratio of
Ce0/¥z0 doos not seam to have any effeot on the calciun statns.

The decrense in content of magnesium four nonths after
rlanting hod not bosn as mexked aa that of oaleiva and potassium,
It come Gown from 0.06 per cent at the time of plenting to 0,05 in
the gantrol and frow 0.16 t0 0,15 in irestzent 5. As in the cezze of
caloium, the content of mzgnesiun followed ths same pattarn as that
of application on ths dats of inoculntion. Treatuent 3 showed ths
highest smount of 0415 par cent ¥g0 followed by treatment 5 with
0.148 por csnte The nsgnesium content in all the othar treatments
wera loware For the sane levels of application, magnesium oontent
wea found t0 bo lowsr with highar lovels of calcium application.
The zatio of Ca0/iq0 dosn not appear to chow any effect on the
Rognesium content.

' The zatio of Ca0/MgD cema down to roletively vary low walues
four nonths after plunting. From fe31 &nd 4,19 in treatmonts,iand 5,
the ratios decreused to 0.52 and 1.08 respectively. On the dats of
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inoqulation, treatnent 4 showsd the hichest Ca0/¥g0 ratio of 1112,
Trcatzent 5 showad tho next lower valus followed by trestoants 3 and 2,
Higher ratios wers shown by treatzants of ratio 611 as compared to
those of 319 ratio and the control. The data on the 0s0/dgo ratics of
the varicus treatments on the dete of planting and on the date of
inocculation sre given in Tables VII and VIII reapectively.

The decrease in the calcius oxide plus magnesium oxide/
potassiun oxide ratio on the date of inoculation as comparsd to that
in the beginning, coventhough marited, hed not becn &s much es that of
calofum oxida/magnesium oxide ratics It csxo down frem 075 t0 0469
in the control and from 5.40 to 2.94 in trestuant S» Tho ratios of
the varicus traactasnts on ths date of inoculation ranged fram 0.69
in the control €0 2.54 4n trestaent 5, Tresatusnt 4 which received
caleiun oxide and megnesium oxide in the 611 ratio at the lower levela
recopded the value §,29 followed by iywsatzenta 3 cud 2, Contxol
ohowed the lowest valuse As in the came of calcim oxide/magnesium
oxide ratio, the mtio of calofum oxide plus magnesium oxide/potassium
oxide alec wos hishest for treataents of colciua oxide an? megnosius
oxide application in the ratio 611, followed by those of 311 ratio.

Sutxiont conient of loaf sazples.
Hitrogans

It was obperved that thore wis o grodual decrezse in nitrogen
content of leaf manples with time, 4in all tho healthy plents. Tho sose
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trend wes noticed in the infacted plants algo, till tho date of
appeayanco of sypptomss The nitrogen oontent showed an inoreese

after ayoptom expreabion.

On 4=-1~1967, one month befors inoculation, treatment 2
showed the highost content of nitrogen in leavoo followed by the
contrcl whereas treaimont 4 ehowed the lowost percentago.

On tho date of inooulation, control planta showed the
highost walue of nitrogen followed by treatment 2. Treatment 5

showed the lowest voluo of 3.59 per cemt.

(me month after inoenlation, control plants had tho
highest percentage of nitrogen. Treatment 2 showed the next
lowsr valua and trcatment 4, the lecst. During the next wonth,
infeocted plant of treatment 4 showed the highost value of nitrogen
followad by treatment 2 and then by the infected plant of
trocatzent 3.

Tho data on tho nitrogen comtento of leaf pamples are

givaen in Table IX.

Potapgsiums

-

A gradual decrence in potash content was noticed with
time in the control plante. It woo found that the Ca0/tigd watio
influcnced the potnch oontent of plants more than infection of

viruo or tha lovele of caloiun and magneaiwm applioation.
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2anLe _IX

Hitrogen comtent of leaf szaples
{Expresced as porcentege on oven Gry basie).

Date of Healthy plants Disenasd plants

sanple Patio of CaliMg0 Patio of CaOsMg0
collection 31t 611 331 60

Level of Kz0 in percantege Lovel of MgC in percentage
o{T1) 0.05(72) 0.90(75) 0.10(73) 0,05(74)
4=1=67 %6180 4,1003 544167 3.5724 345817
4=2=57 3e6262 3.5262 343995 344657 304291
4~3=67 346485 3.4808 343481 34701 3¢3365
4i=57 34137 346386 344643 3e4992 346502
TARLE

Potash cuntont of loafl samplcs
(fxpressed as percentage cn oven dry basim)

Healthy plsnts Dizensed plenty
Ratio of CaOiigO Eotlo of CaOtig0
E::;I:t o 51 6rt 31 611
OLLe0t00 1 orel OF KgD 1u percentage Lavel of 40 in paccantase
o(™)  0.05(12)  0.10{15) 0.10(73) 0.05(T4)
4=1=-6T 646350  5,5700 644000 5+7520 545550
A=2=07 645065  5.8400 5+6710 Sa7345 61045
4=3=67 65027 Te2400 Ge9922 67442 7.6950
4et=67 649803  5.6850 545026 6e3150 o019

4=5=67 6e2028 66427 445972 744448 58418
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Teeotnents 2 and %, whioch had recoived €20 &nd Vg0 in the ratlo
311 chowed an incrsoce in potash comtent in tho early end later
otogas wlth o deolina tx0 nonths after inoculations In treatoents
4 and 5y of Ca0/Mz0 ratio 601, the incrense was noticed caly in
the early etages.

On 4=1=1967, one month bafors inoculatiocn, control plent
ghowedl the highast percentage of potassiuvm in lesvon. Treatment
5 phowed the next lower value. Trentments 3 and 4 which later
$ook infeotion had almost similar values lower than tho formor two.

fmalynin on the date of incculation alco chowed the higheot
valug of potash for the control followad Ly treatzcnt 4 Treztment 5
showad the lowast content of potash in leavas, tho noxt higher
beins that of trootoent Fe

Cne month aftor inoculetion, treatrnent 4 which expresasd
synptoms of infection 42 daya after inoculaticn, had the highest
content of potach, 7«69 per oente This was followed by treatnmonte
2y 5 onidl 3 in the decrensing order. Control plonts showed the

loweat potash qcntent.

awo monthy after inoculsilan, Lotk the infeoted plonts
phowed the highest potzash content: Creciuent 4 had the maximum
conktent in leaves follosed by treaiment 3. Control plont which
cane next was £ollowed by tresaizonts 2 end 5 in tho ordex.



43

During the next month, infected plant of troatmsat 3
hod shown the higheat potash content of Ts45 per cent. The content
in infected plant of treataent 4 dropped to 5.84 per cent which waa
lower then thogs of treatrent 2 and the contxols Trsniment 5 showed
the lowent value.

Infetted plant of treatuent 3 which showed synptoms
57 days aftar incouletion ghowed sn inarsase in potash content in
tho begivning, It increnged £rcm 5.73 = 6.74 por cent, one menth
after inoculation. The content of potrssium showed o decline two
wonths after, shich again inarsssed to Te44 per cant thres months
after fncoulations Treatment 4 which expresced syoptons of the
diceace 42 dsys efter inoculation also hed the highest content
of potassium one month after inoculaticn which went on decreesing
laters

The éata on potash content of lenf sample sra given in
Teble X.

Calniung

"hers wey a gradosl decrease in coloium contcent of
locven of &1l the healthy planto cxcept in treatngnt 5 whars there
wss & drop ons month eftar inosuleticn, In the czse of treatnmant
5 which expressed symptoms 37 doys after inocoulation, there was o
gredusl docresge in calciup content till the date of Inoculetion.
It showed cn incresse cne month after, which latexr dropped to the
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lowept value 0456 per cent during the next month. Thero was an
increaso t0 124 par cent cne month latere Alcoet the semo irend
w20 notlced in the case of treatnont 4, which showed symptoms

42 doye aftor incculaticn. There was 4 grajusl docresse t111 the
date of appearcnce of syoptoms. The lowest valuo, 043 per cont
was chown two monthe afder inoculaticms Thoro won en increase
during ths next month to 1.25 per oent Cads

The caleium eontent of leaves followed almost the pame
pattera ag that of culelunm aprlication. Caleimm ocomient wao lowast
for the control plents at all ntagoes cxcopt in tho case of infgcted
plents, which ahowod the lowaat values two months after incculation.
Before inoculaticn anfi on tho date of incculntion, for ths pame
levoln of caloium application, psrecntage of caleius in plents woo
olways higher in treatuents of lowor magnesivwn applicuticn.

Ong munth prior to incculation, ireatzent 5 showed the
hichost calciun conient in loaves followed by treatments 4,2 ond

% in the orders OConbrol plont hod tho loweat content of calecium.

The goze pattorn as absve contimued durdng ths dals of
inoeculntion also, being in tho decrensing oxder 5, 4y 2, 5 end

control.

On A-3-1967, one month after inoculation treatoomt 3
shosad the hicheoat content of cnlaium followed by tzeatuent Se
Tpeatment 4 cnd 2 coomo nowty tho control plant showing tho loweot

percentogoess
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Caleivm contont was highest for treatment 5 two momthg
after lncculetion, This was followed by trootoant 2. Comtrol
plants showed the nexs lower value, 0.64 per cent Cale Leaves of
Gisenasd plsnta showed lowar values of calcium, lower than that of
controle Treatmant ¥ analyned to 0.56 per cent Cad and treatzant 4,

Oe43 por cant,

On 4=5-1967, tuxese ronths aftsr inoculstion,
$reatnent 5 showed the highest calolun contgnt. Infeoted plants of
trzet=ents J and 4 cocme next with 1.24 and 1.23 por cent Cad
respoctivoly. These were much hisher compared to the caloium contend
of treatmant 2 which had 0.65 per cent Cale Ccntrol plants showed
the loweat parcentoge of 0.5% Cad.

The data on tha cslciwm content of laavea for the
different pericds are givean in Tablie XI.

amnesium

In contrant to caloiun, thero was a tomdency for am
inorease in mognesiun content with time. In the haalthy plants, the
percentege of kg0, which hod bsen on tho incrsase 111 the dets of
innculaticn, drapped to very low values twxo monthn efter inoculations
The higheat magnosiun content wag observed three months after

inoculaticn. %The sarme trend wns noticed in the Sissssed plunis also.
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TATLE XI
Celeiun oxide comitent of leaf samplos
(Expreassd as percentage on oven dry basio)

Heal thy plants Tineaged plants
Date of Batic of Calaig0 Ratio of CeDs¥z0
sample 0 11 611 311 611
collqotion
Level of Mg0 in percentage Level of g0 in porcentace
o{™) 0.,05(72)  0.10(T5) 0,10(<3) 0.05(74)
4-1=6T 09450 1.6800 1.8200 143300 17500
4=2=GT 085060 1.0500 101900 0.56800 142600
4=3-67 046800  0.9067 0.9878 742800 0.9057
A=4=0T 06400 0,87849 1.6534 0.5600 04267
4=5=-67 0.5333 006535 45467 1.2400 b 02267
TABLE XI1
Magnesium oxide content of lesf esmplec
{ Exprensed as percentocge on oven dry basie)
Healthy plents Dise2ged plants
Ratio of Cobistiz0 Ratio of Celilig0
Date of 0 311 621 311 631
saapleo
collecticn bovel of Mg0 in parncentage Lavel of Hg0 in porcentego
o(T1)  0.05(%) 0.30{75) 0.10(713} 0,05{74)
4167 05143  0.79%9 0.7810 0.9523 0.5040
4=2-67 0.8572 103095 10239 1.2582 10477
L= 0.5619 045619 1.1049 0.58505 1.0667
AT 03048  0,8476 0,819 0.5282 0.6000
4=5=0T7 0.9762  $.0095 1.1809 142572 11715
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In treatoent 5 which showed cymptons 37 deys afteor Inoculatica,
the ocontent of masnesium deeresnsd t1ll two momthe afiar
inoculation alter which 1t incroaced ezsine The seng trond was
noticed in treatmont 4 aleo, which showed oynptoms 42 dayn after
inomlations Tho lowest oontent of mognesium in this oaso woa
recopded two months af'ter imoculation,

A5 in ths caze of eadoium, magnenium cintent alao
followel tho punpo pobtiern as that of gpplication. Hognesiom content
wvas lowoct for tha oontrol plante inm all osses. RBofors inoculation
ond on the dato of inoculation, for tho demo lewals of application,
magngoiun contents of plants were higher in plsants that received

lower oalolum applisation.

On £=1~1967, cne month bofore incénlaticn highest
zognosium contont wes veocxded by traatament 5 with 0.95 par cent
followed by treatment 4« Trestuont 2 and 5 hsd lowor contonts
in tho docreoning order and the control plants had the logest.

Cn the date of inomlation trectmont 2 chowed {ho highcat
ongueosinm econtent followed by treatmonte 3y 4, 5 and control in
the ordex.

Treatnent § ohowed the hirhest content of wagnesium in
leaves one nonth aftsr inoculaticons Treatoents 4 end 3 hod lower
valuen end treatcent 2 and oontrol, tho lowest.
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On 4=4-1967, two moenths sfter inoculation, trontzent
2 had tho highest nagnesium content followed by treatment 5.
Infooted planis of troatnents 4 and 5 showed very low voluea of
mognesium, 0.60 and 0.53 per oont respootively. Tho content in
the control plents wore still lover, Ce3% por comt.

During ithe noxt month, on 4=5-1967 also, treatnent 5
enalysed the highoot contemt of magnesiumes This wos followed
by treatments 3, 4, 2 snd control in the onder.

The data on tho magnesium contont of lesves are glven
in Tablo XIZ.

Caloium macﬁj@nshm oxide ratios

Tho ratio varied from 055 t0 2033 during the pericd of
observation. The ratlo did not appaar to follow amy dofcnito
pattom with treaizentis or with time.

On 4=1+1967, one month prior to inoculation cll tho
plants showed ratios more than eng. Troatment 5 showed the
highost value of 2.33 followad by treatoepts 24 4, 1 €nd 3 in tho
ordere Ghe plents of treatwents 3 and 4, which later got infectsd

chouod voluos, 1439 and 1,93 reopectively.

Un thoe dato of inoculation also, treatooent 5 phowed

tha higheat value of 1.16. Treotmonte 4 and the control hed
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values 1.20 and 1.14 roapcotivelys. Ratios of treatments 2 exd 5
were tuch lower, being 0.80 and 0,79 respactively,

One month after inoculation, trestnent 2 had the ratio
1461 followed by control with 1.57. Treatment 3 which showed
oyoptons of infeotion 37 daye after inoculation ghomed the valus
1429+ Troatoent 5 had the valuo 0.89 and treatoent 4, 0.85. This

wog the lomsst.

Control plantc showed the highest valuo oo monthae
aftop inoculation (ollowed by treatuont 5 with & ratio of 2.,02.
‘The rabtios for treatoento 2 and 3 were lower than troatment 5,
end treatnent 4 hed the lowest valus of 0,71,

On 4-5-1957, throe wonths aftor inoculetion, treatnent
5 showed tho highest velue of ozleius oxide/magnosivm oxide ratio
followed by tromtmant 4. Contrel plant ohowad tho lowent volue
0«55, thooe for treatments 2 end 5 being alightly hizher.

Tho data on the caleiun oxide/mognosiwm oxido ratio
for the difforent treatmonts are given in Tablo XIII.

Caloiun oxido plua eglum oxide/potaasiun otride ratios

In tho heolthy control plans, the valus of €aD + Ngo/
1»:20 ratio increased {rom 0029 to 020 oa the date of incculation,
There hed been a gradunl decrease thersafter and the lowest value 0.15
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Caleium oxide/mapnesiun oxide xatio in the leof

flealthy plants

Discazed plents

Ratio of CoDi¥g0

Ratio of Colsigd

2;;;12“ 0 311 6n 31 611
calleotion Loval of Mp0 in percenfoge Lovel of ¥g0 in percentoge
o(T1)  0.03(22) 0.90{75)  0.10(73) 0.05(74)

4m1=57 108374 241002 2.3303 1.3966 1.9358
4=2-67 141432 ©0.8011  1.0622 0.7T913 142027
4=3-67 15661 1.€136  0.6941 1.2922 08500
4467 2,0997  1.,0369  2.0185 1.0594 0.7112
A=5=67 0,5463 06472 143093 0.5864 1.0471

SABLE XAV

Calcium oxidn plus meagnesium cxide/potassium cxide ratic In the loof

rate of

[izalthy plentis

Dlcgapged plents

Batio of Godsngd

Ratio of CeQ:ligO

e 0 511 611 311 (47]
collection Level cf Ngo in porcentago  Lavel of Mg0 in percenbege
o(T) €.05(72) 0,10(15) 0.10(73) 0.05(74)

4=1-5T 0.2135 044313 0.4064 0.3968 0447T7
4=2~67 0.28 0,4040 0e3504 0.3868 043780
4=5eiT 0.2150  0.2028 062553 0,3367 042565
4=4=6T 0.9529  0.3037 0,4663 0.1724 0,1483
4=5-67 042434  0,2503 05502 0.3354 044105
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wvegd zecorded two months after inoculation. It rose to 0424 during
the next nonthe In tre;ztment 2 which had received the lower level
of caloiwm end magnesium in ths ratio 311 end which rarained
hsalthy, thare hed beem a drop in ratio from 0.40 to 0,20, one
penth after incculations During tho negt month, the value incroaced
to 0430s In treatment 3 of Cald and MgO in 521 vatio at tho higher
levels, whioh chowed aynptons 37 days aftor inoculntion, the ratio
dropped to 0,17 two nonthn after incculation from 0.34. If egein
rosa t0 0«34, three months after inoculation. In treatment 4, which
exproceed synptomp 42 days after inoculation there had boen & gradusl
docrenss in tho yatio from 4-1-1967. One month aftor incoulstion,
1% drupped to 0,26 from 0,38, A ocudden drop to Q.15 was recorded
t#0 montha aftor inogulation, which egain rone to 0.41, tho noxt
months In trecalment S5 which remsined heslthy, thare had Yoen a
dxop one month after inocculation to 0,30 from 0.39 It xo20 to
0.47 two monthe aftor inocoulstion and to 0.55 the next rmonths

The ratio phomod an incraasse with Ingrezsing levels of
ealoiun and magnesium application, oxcepting tha plontc whiah took
infeotlon. In other cases, the contrcol plents hod the loweat wnlue.

Ono month bofors incoulation, contrel planio showed the
lowcat valuse Proatnant 4 had the hishest volue of Q.48 followad
by treatments 5, 2 and 3.

On the dato of incculaticn, treatment 2 hed the highest
value followed by troatment 5. Treatmentp 3 and 4 which showed
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aynptems of infeotion 37 end 42 deye efter incoulstion hod lower
valuga 0239 and 0.39 respectively. Control plants ghowed the
lowest value of 0.28.

Cng nonth after incculstion, troatment 3 chowad the
highoot valuo of Q.34 followed by treatments 5, 4 end 2, Control
plent showed the lowgat value of 0,22,

On J=4=1%67, two menths aftor inceulntion, troatmemt
5 hnd the highest value of C.47 folloked by trontmsat 2 with 0.30.
Trsatments 3 ond 4 hed very low valucs 0.17 and 0.15 respectivaly.
Control plent chowed tho valuae 0.15.

Thres nonths aftor incculstion, trestxent § hag the
tgheat valug 0.554 followad by treatment 4. Treatzents 3, 2 aza
control had 1owmer values.

Tho dota on the calelwn oxide plus magnesium nxide/
potoggiun oxide ratic are given in Tadle XIV.

Iatrient content of root canpleg.

Eitrogens

There hed been & docronse in niipogen content with tims
in tho control and aleo in treattents that received caleium oxide
and mogngoiuws oxide In the ratio 6t1. Thoze that recelved the
rutxients in the 319 ratlo showed hizh porcentsges of nilwogen on
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the dato of inoculaticn which Qecrsaged graduslly lotez. In tho
infeoted plants, thore appesred to ba B lowering in nitrogen
content after appecrance of symptomsos

One nonth prior %o inoculstion, treatucnt 5 showad the
highopt content of nitregen in xooto followed by tha centrol,
Treatuents 2, 3 and 4 had ooryespondingly lower values.

Cn tho dato of inoculntion, toeatuent 2 had tha highost
contont of nitrogen in roots followed by ¢reatmcent 3 chich later
showed sympicna of the disesces Troatzents 4 and S vhich hed
recoived caloium oxide and mognesfum oxido in tho ratio 619 showed

1caer percentazos.

On 4=3=1967, ona nonth after inoculation, troatment 2
showed the highset value followod by treatments 3, 1, 4 and 5 in
tha order.

0 monthe after incculztion, treatronts 1 and 3 ghowed
tho highest valuos followod by treotments 2, 4 and S,

The dota on the nitrogen content of root semples aro

given in Table XV,

Potogaiumi \
Ag ogaingt o lowering in potash content in losves, tha
roots shopod a tendency tovaxds cn accumulation of potasoluy with tice.
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TABLE XV
NMitrogen content of root camples
{Expreosed as porcentage on cven dry basis)

Healthy plants Ticeascd plouts
Ratlo of Cadligd Batio of Cals Hz0

Dats of o 311 611 331 631
saaple
o2llection Lovel of WgD in percentage Lovel of Ug0 in percentoge

o(m™) 0.05(T2) 0.10(75) 0.10(%3)  0.05(T13)
4=167 2,0402  1.8424 2.0542 145963 144568
=267 1.7828 2,46TT  1.7415 2,2%14 1.99%5
4m3=57 165375  2,1666 1.2418 2.1198 1.3412
4=4=67 15924  1,1538 1.0454 1,2216 1.0456

TARLY, YW1
Potuoh contene of »vot cauples
{xprosoet as percentase on oven dry beois)
Taadthy plonts Disozped plants

Ratio of Calyl¥ed Batio of Calalis0
Iate of 0 It 6¢1 b13 611
panzle
collection tLavel of Yg0 in percentage Lavel of ¥Mp0 in poreentage

o(™) 0.05(T2) 0.10(T5) 0.10(73) 0.05(78)

2=1=67 54332  B.8312 647232 70225 663791
4=2+67 501420 647223 6.4227 647630 642072
4=3uGT 5.7743  8.0720 740221 741003 542760

4=l 647666  7.4083 B.0258 1048265 77588
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A 4rop in potash oontent £3Om 6429 10 5.28 wae rocorfed in trontment
4 which ghowed oyrpicmo of infeotion 42 daye after imoculation.

In elnopt all easea, the contyrol plants oshowed tho loweost
valug of potash in roots which resained move or less steady throughout.

On 4-1-1967, one month before incculation tzeatnent 2 ahowed
tho highaot valug of 8,85 followed by trgatzont 3 with 7.02 por cent.
Treatrments 5 ond 4 cane next and control plants showed the lowest
value of 95«43 par cent.

On tho dato of incculation, the osuo trend sa above followed
with control plants showdng the value 5.14 per cend Kz° in roots.

The samo pattorn ee sbove followed ono momth aftor, with
treatzent 2 onalysing 8.87 psr cant potash end treatnent 3, 710 per cant.
The loweot potash content 5,28 por cent was chown by tha infgoted

plant of treatzent 4.

Two pontha after inoculation, treatment 3 showed tho
highest content of potaapium in roots with 10.63 par cent potach.
Thie was followed by treatosuts 5, 4 and 2 in the opder. Control
plants showed the lowest valuo of 6,77 per cent.

The resalts of chomical cnalysio on potash content of
roots are given in Tablo XVI.
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Caloiums

The caleium content of roots temded to increaso with
incroased applicaticns The control plentp showed the lowest walues
in ell cogses excopt tho discoped planis of troaiznents 3 and 4 For
tho plents which regeived tho pame level of ealeduwn, the porcentogs
in the roots wes highex for the plant, which received the lower level
of mzgnesivm. This was eltered eftur tho inoidence of tho discose.

The percentoge of calcium in roots ramsined nore or less
stecdy throughout in 81l the haslthy plants excepting trestuent 2
which showod a lowering two ponths after inoculation. In tha case
of infectad plants, tho paoms trend as that in leaves wan noticed.
Thoro had been a drop €0 very low values two months aftor inoculation,
In tresatuent 3 which oxpressed aysptons 37 dayp after inooculation,
thaze had been a slight increese in caloiunm contont from 1.40 to 1.53
por cent ono month affer incculation. Yuring the next month it
droppad $0 0.91 per cente In treatment 4, tho highest contont of
caicium oxidey 2433 per cent was recorded on the date of inoculation.
It dropped to 1,01 par oent one month after inoculation, and to
0«75 par cent during the nexd month.

Cne month bafore ineculation, treatrzent 4§ showed the highest
valus of calcium, 1.52 por cent followed by troatmont 2 with 1443 par cont.
Trentoenta 3 and 5 ehowed 1.42 per cont each. Control plent showed
the lowest caloium content of 0.98 per cent.
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On ibo dato of inoculation also, tho eame patbtern followed
vith trentnent 4 showing tho highent valuo, 2.53 per cant end the

caatrel the lowent.

One month after inoculation, treatment 5 spalysed the
hirhaot porcsmtago of caloium 1.37 per cent, followed by trontzents
3 and 2. Treatuent 4 ohich shomed symptooe of infaoction 42 days
aftor inoculation hed tha lowsot valug, 1.01 por cent which was lower
than tho control. Treatment s chowed the higheat porcentoge of
136 C&D 4w0 montho ofter imoculation. Infected planio of traatzento
3 end 4 shoved lower valugn, lower then tho control.

The dats on caloiwm content of roots are given in
Table XVII.

Homesivm:

Tho nognesiun contont of roots did 1ot appesr to fellow
any defonite pattarn though thors hud been fluvotuctions with tinme.

The values voariod from 036 to 1443 por cent. The
lLighoot wognesium contont wao recorded by treatment 3 which reselved
CeD end Vg0 in the zatio 311 at the hizhoer level of megnesiume. The
lowest psrcentege in almoat all cases wore recorded by treatment §
which alg0 rocoived 0.1 por cont pagnesimm oxide. For the soxe levelo
of rognosium, tho highor cantents in roois wore shown by the {rcatuonts
which received the lower levols of calcium.
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TABLT XVIX

Caleiun oxide content of root gacples
(Expresocd ag percentcge on oven dry bosis)

Hoslthy pienta Plncaged fﬂ.ants
ratio of CaDshg0 Hotio of Cadag0
Date of 0 331 611 F21 611
:ﬁﬁition Lovol of ¥g0 in percansaga Luvel of Mgl ia parcontzge
o(T1)  0.05(m) 0.10(T5) 0.30(15)  0.65(T4)
4=1=57 045825 1.4327 1.4220 1.4227 165224
4267 0.8490 146709 1.40C0 14000 \ 243300
A=3=GT 1,0567 103334 1.3692 125263 10134
4=f=] 09500 0.6933% 143534 0s3067 07467
. A\
TABLE XVIYI L\‘
§ 3
Kagnaoium oxide content of root comples ¢
{Expreocsed as parcentege on oven dry basis), |
{laal thy planta Diceaccd plemts
Bnsic of CeleMel Ratic of Calsliz0
Dato of O %21 631 311 611
colleotion Loval of ¥g¥ in porecntzze Lovel of MgD in parcentaga
o(T1)  G.639R)  0.10(T5)  0.10{D3) 0.05{%4)
4wlnBT 100020 143629 047661 143612 0.9983
4e2mb] 05713  0.6349 0.5239 1.3335 05175
4=3=GT 11429 142653 0e6627 1.4333 049905

4usnfT 063699  0.7429 005524 1.0667 0.8000
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On 4-1-1967, ono month Mofore incculatiecn, the highost
ragneoiun content wea recorded hy treatcent 2 follomed by treatment 3.
Tho control plant come next with 1.0 per cent magnesium Oxide.
Trectaents 4 and 5 hod lower values of 0,99 and 0,76 por cent
renpootivoly.

Cn the date of inoculaticn, %reaincnd 3 which ghosad
symptons of infaction lator, had the higheat content of megnesiwm
in roots followed by trsatment 2. Control plant nnalysed 0.57 per
cent and treatnent 9, 0.52 per conte Treoatwont 4 which nlso
caontracted the disezge recorded tho lowest volue 0452 per cant,

One ponth efter inoculation, treatzment 3 had 4ho highast
porcentage of pegnosiwm, 143 Treatuents 3, 1 and 4 had lower
valucas Treatment 5 had the lowost valuo of 0466 per cente

Two montha aftor inoculation, infected plent of treatmont
3 showed the highest valus of 1.07 per cont follomed by treatemants
4y 2 and 5 in tho orders The lowest valuo 035 per cent was shown
by the control.

Tha datn on tho nognesiun camtent of root nanplea are

given in Table XVIII.

Calolun ox:ldell_ig,manixm oxide ratior

In al1l tho hoalthy plants, thers hed boen o tendency
towapds an increate in vaiue of 0ad/iy0 ratio with tims. In the
control, 1t increased from 0,98 ono month before inoculation to
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2,65 two nonths efter 1t. In treatment 5, tho value rose t0 2467
from 1.86 on tho date of inooulation. It dropped to 2407 ong month
after inoonlation. Thore was a vine to 2.45 during the next month,
Troatoent 2 showod an incresse from 1.05 to 2.95 on tho date of
inoculations The values dropped to 1.05 and 0«93 during tho moxt
two montho. %roaknent 3 which showed eymptons 37 days eftor
inoculation recorded increesed wzlues $111 aympten appearcnco. Tho
higheat velug, 1.06 wes recorded one month after incculntion. There
was & drop to 0.65 durding tho next menthe Infected plent of treaiwment
4 showed the highest value, 4,50 cn the dato of inocouleticn. Thore
hsd been a drop to lower values during the nsxt two montho,

The values of CcOfi¥z0 ratio vericd, in goneral f£rom 0,93
to 4,50 Thg higheat value in cimost all ceoes have bocn recorded by
txeatzent S.

One month before inoculation, treatzent 5 had tha highest
valus of 1.86 per cont followed by treatuants 4, 3, 2 and contxol in
the ordere

On the date o:‘:’ inooulation, trestment 4 which ghowed syaptorms
42 days efter incculation recorded tho value 4.50 followed by treatuents
2 onf § with 2495 and 2.67 rospectivaly. Contrel hod 1.47 and
tzeatnent 3y 1405.

Ona month efter inoculnticn, treatnent 5 hed the highest
ratio of 2,07 followed by trectmont % with 1.06. Treatments 2 and 4
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had values 1.05 and 1.02 respectivelye Contzol plant showed tha
lowest valuo of 0693,

Control plont showed tho highoest value two months after
dnoculntion, with 2,05. Toeatmont 5 chowed 2449 and 4reatrnenta
2 and 4, 0.93 cagh, Treatoent 3 hod the lowent valus 0485,

The datz on the calolum oxide/masnaciun oxide vatios of

root samples are given in Table XIX.

Calciun oxide nlun opium oxidefpotensiam oxide ratios

There appoared to bo & lowerdng in tho zatio with timo in
all the troatments. Treatnonts 3 end 4 which chowed oymptoms later,
hadl the highcat walues on the date of inoculation which ccme Gowm
later 0 very low voluen. In treatment 5 of €D ezd W0 in tho 611
ratio, the valuss were falrly hdgh though thare had been a gradual

3

lowaring.

The ratlos ware highest for ireatzonto % and 4 $111 the
date of appearancn of symptoma which dropped t0 the lowest values two

months after incculation.

Cne nonth boforn incoulontion, treatoonts 3 and 4 showad the
highent values of 0.39 cach. Troatments 1,5 and 2 hed losar values
0f 0437, 0e33 and 0032 rospooiively.
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TABLE XIX
Caloium oxide/magnesium oxide ratio
in the root
Bealthy plants Diseaped plants
Ratio of CaDsMg0 Ratio of CaliMgO
Date of o] 311 611 311 611
ganple
collection Level of ¥g0 in percentage Lsvel of MgO in percentage
o{™) 0.05(T2) 0.10(T5) 0.10{T3) 0.05(14)
4-1-67 0.9799 1.0512 1.8562 1.0452 1.5249
4-2-6T 1.4703 2.9450 2,6722 10500 45024
4~3-67 049333 1.0500 2.0661 140648 1.0231
4=4~67 2.6527 0.9352 2.4500 0.8500 0.93%4
TABLE XX
Calelum oxide plus magnesium cxide/potaaaim oxlide
ratio in the root
Healthy planta biseased plants
Ratio of CaO:lMgl Ratio of CaOsMgd
2::];1:*' 0 331 611 301 611
collection Level of Mg0 in percentage Level of Mg0 in percentage
o(™M)  0.05(T2) 0.10(T5) 0.10(T3)  0.05(T4)
4-1-67 0.3655 0.,3166  0.3255 0.3964 043951
4-2-67 042745 043577 0.,2995 0.4075 0.4211
4-3=-6T 0.3827 0.,2934 0.2894 0.4168 0.3797

4-4~6T7

0.1954 0.1918 0.2374 0.1623 0.1993
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Oa the date of inoculavicen, troatments 4 and 3 had chuwn the
highest valucs of 0.42 and 0.47 respaciivelys Treatzont 2 hod tho
volue 036 end treatment 5, 0429« Control plants chowed the lowest
value of 0«27,

One month efter incculaiion end before ths apposrance of
digeaso oyoptono, trentments 3 and 4 hed valuoen of 0.42 and 0.38
respeotively. Tho ratics for treatments 2 end 5 wore otill lower.

wo months after inoculation when tho diseago symptoms had
nlreedy appesrod, trentzents 4 and 3 showed the lowest ratios of 0.19
end Q.18 respectively. Treoatment § had the highest value 0,24 followed
by treatments 2 end control which hed ratios 0.19 each.

The data o tho caletun oxido plus mognepium oxide/potessium

oxlde ratio of xoot pumples are glven in Table XX.

Ratricnt content of leaves of suckern:

Saxples woere ovllecicd from tha suckers of all treatmgnts
on 26=5=1967 end anelysed [or potassium, calciwm and mognesiume All

tho gemples wore tekop fron Infacted plants of varicas blockss

Treatment 3 of the {ifth roplication which showed symptons
37 doye efter imooulnilon rosorded the highoot content of 7.5 per cent
potagh in leaves. This wae followed by the coatrol plant which showed
syontons 50 doye after inoenlation. The potash content was



TABLE XXI

Futrient content of leaves of dleecaged suckers
(Exprossed ns percentage on oven dry basis)

64

Bubeienu 0 331 611
Level of ¥g0 in percentage
o(™)  0.05(T2) 0.10(73)  0.05(T3}  0,70(75)

E,0 642754 4.0887  T7.5042 5.5608 57446

(19) 0u4002  0.8004  0,4000 042000 045334

120 11072 1.2321  0.8572 0.9524 0.9524

Ce0/Hr0 043615  0,6496  0,2666 0,2099 0.560%
caoago/xao 0.2402  0.4157  0.1675 0.2072 Ce2596
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6420 per oonts Tresiment 5 of £ifth replication onalysed to

5475 per cent and troatment 4 of tho eixth roplicatica 5.56 per cents
Traatacnt 2 of fourth roplication which chowed oyoptoms 39 days
aftar inoculation enalyaed t0 4489 per cont potash. This was the

lowest.

Treateent 2 which ehomed ovnptozs of discags 39 days ofter
inoculntion wecordad tne highest coatent of 0.80 por cent ozlotum
oxida followed by treaitnent 5, oontrol and treatnent 3 which had
053, 0440 and 0440 vex cant caloiun oxide recpoctively. Trastnent 4
revorded tho lowest content of caleium oxidge, 0,20 par cont, symptoas
in which spposred 42 dryg aféer incoulation.

Uagnesiun content of suckern dld not vary to any great
aztont batwoon treatrents. Trestment 2 shosed the highest porcentago
of 1.2% followed hy the controls Tho mesnesivwm content in oll other

traatirents wore lower,

Calcium oxide/megmenium oxide ratlo woo highaot fop
troatment 2 £ollowed by the contzol which hnd 1.23 end 177 raopactively.
Treatment 4 had the loweat valuo of 0.21.

{nloium oxide plus magnesiun oxidefpotasatun oxtde ratios
of {recatmante voariad from 0.17 1in treztment 3 ond 0,291 in trosiment
4 10 0,42 in treatnent 2. Control plents showed the value 0.24 ond

treataent 5. 0'26-

The date on the mutrient content of leaven of puckers are

given inTeble XXI.
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Beilolon of coleiun carbonate end mepmosius carbonatos

The eeulaion peoted on the plents of all the freatrents of
the sixth repliostion did not brdng out any effeck on infaction of
virugz. Treattients 3 end 4 shozed eyzptoms 37 angd 42 deyo efter
inccalation while tho othor threo planto remained healthy.
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Poznibility of bnllding up resistance €0 Bunchy Top disetse
of bansna plenta by manipulation of the nutyiticnal status of scil hos
been otarted as s oomtimous prograame Of recearch of the Principal
snd Additional Director of izriculture (Research) oince 1962, Fembisr
and Nedr (1965) found that the ratio of calcium and magnesium 4n the
mute=ient medlum aignificantly influmced the incidence of tha Bunchy Top
dissasoe of benana and that an eppropriate combination of tha tw0 elenenta
;ma delay the incidence of ths dissnse Dy scveral daya cver ¢cntiol.
Rand culturs experisents by Nair and Pillal (1966) indicated that by
regulating the calclum to magnesium rstio in ths nutrient medium snd
plent tissue, the incidence of Punchy Top dime2so could be successfully
doleysd until the emorgence of hunch. It wes found that e ealofum oxide/
mpgnositm Oxide retio of 041 in the mutrient nedium and 3,5 to 4 in the
leaf o & calolvm oxide plus megnesium oxide/potassium oxide matio of
1 or near abcut 1 in the leafl oould arrest the incidence of the disesse
till the emsrgence of bunch. Furiher work by Nair and Ceorme (1956)
uwnder ssui-Cield conditions indicated that the xesistuince to Dunchy Top
virus noted by ¥alr aod Pillal (1966) might be sotually due to the
ratio of calcium oxide plus magnesium oxide/potassivm oxide ratio end
not mersly £0 the yatio of caloium cxide/megnssium oxide.



68

The precent studies were undertatien ac & continvation of the
work of Yoir and George (1966) .nder pemi«fiqld conditions. Calolun oxide
and megnssivm oxide were applied in the ratics 3et and 631 at the two
lavels of megneaium to study thelr effeots on the incidence of the
discoges The treatment supplying calolum ogido and msgnosium oxids in
the ratio of 3:1 at the lowsr level of magnesivm appetrad the bast with
cnly cus cut of the aix plenis infected, followed by the control with
w0 infeoted plauta. In itrsatuents of 3:1 and 6:1 ratios at ihe higher
levels of magnesium, muximm maber of disssged planis, £ive oech was
noteds Four disezsed plents wece Observed in the trestmend of calcium
oxide and magnesiim oxide application im the ratio G11 at the lower lewmsl
of oagnesims Thers h2d also been not much varieticn in the mmder
of Gozs taken for infeoticn. The variation in results in the present
studies 2o comparsd to {txesiments under omtrolied mnd culture
expariments may indicats the influence of various uncertain fectors
affecting the calolum %0 msgmesium yatio in the mirient medium and
within the plont tissus. Anothsr ungertain feotor is the wvarlation
in the concentyatica of ihe insect inoculum, Tho nuxbar of aphids in
the study waa 25 an conpared o 20 and 100 in the works of Ealr and
Pillad (1966) and Hedz end Cacrge (1966), respectively. The absorpticn
of the mitrients 414 not £ollow eny dofenils patiern in contewmst to the
work of Hair and Pillel (1966)e This may point to the unprediotoble
nature of sborption of mutrienta under smmi-f'ield conditions ag
cbsazvad by Hair end Gecrge (1566)e
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Mitrosen content of goll end shsorption by plentst

A mazked decrese in nitrogen content of soil was cbserved m
the date of inoculation four manths after planting. Analysis of soil
on ths date of inoculation shoved a decrsass in nitrogen contens of
soil with Increseing levels of onlcium and megnesive syplication.
Level of magnesium mppesred {0 inflvence the nitrogan content nore than
that of caloium.

The sme trend as In 80il nitrogen was obgervod in the
nitzogen confent of leaves els0y the loweal percantage of nitrogen
telng obaerved at the highsst levels of caloium cnd maznssium afplications
A grudusl decrense in nitrogsn content of lenves was observed with tizo
in all the healthy plants. The sanms trend was observed in the plents
which chowel sysptoms of infecticn $111 the date of appasvence of
aymptoxs. The nitrogun content was lowest for the healthy plant which
recsived the sscondery mitrients ot the highest levelss Flents which
contracted the dizesse had hisher content of nitrogen befors incoulaticn,
Healthy planta of contxol and thot whioh received calcium oxide end
megnesive oxide in the 5¢f ratic recorded higher levels.

In diseased planta, o narked inorease In nitrczen content
was obssrved aftsr syaptom oppoarances Higher content of ritrogen in
virus-infeoted leavss have beesn recorded by Commoner ef al (1953)s
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Best and Callus (1953); Borges and Beato (1953)s Eskarcun eb sl (1564)s
and araymns Swosy end Ramaloeicinan (1566)s Works of Nemdiar end Bair
{1955); Ealr end Pillal (1956) and Mair and George (1966) also
indicated an incresse in nitrogen content of leaves dus to incidence
of Bmchy Top disseces

Cradual dedresse in nitrogen contend of soots also was
obasxved with tims. The gradual depleticn of the nuirient in the
rooting sedium might have had its influsnce in lowering the nitrogen
content 4n plantse Tide may also das dus 4o disturbazce in the mechaniee
of translocation, Of the trestzants, the highest nitrogen content was
recorded one month bafore incculstion in the treatcant which recelved
ctloium oxide and magnesium oxide at tha Gs? ratio et the highar level
of megnesivm. I% come down to the lowest valus two months after
inomletions The higher levels of secondary mnutrients might have
contributed to the relesse of nitrogen inths beginning and to the
depletion, laters In trestments of calcium oxide and megnesium oxide
in the ratio of %11 and that at Gsf ratio at ths lower levela, the
relense of nitrogen might have bean more grafunl, the stege of dspletion
starting only two months after incculation. There bad aleo boen s
aredual lowsring in nitrogen content of rzoots in the heslthy centrol
algoe

In treatzents of ealoium and megnesium oxides in the 351
retso at the higher lewvel, and at 631 ratio at ths lower lovel,
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the content of nitrogen which had boen on the increcse showsd &
dooline afier symptom appearanco. This ic in cintrast to the
obsoxvation on the nitrogon contant in lesves.

Fotaowlum content of soil end sboorptiom by pionts:

Potonaium content of #oil showsd & maried decline with time,
though not as much ns in caloium. Calclun oxide mnd mognesius oxide
spplicativa in the ratio 3311 tended to increase the potzah status of
#8011 es cuxpared to the control on the date of inceulation four menths
aftor plantifig, whergsm application im ihe 691 ratio was gonduoive to
o lowewing in potash content. Tho trestoent receiving the agcondary
smtyients in the 641 ratio at the hisheat lovals recorded the lowest
poxcentage of potash in solls The high retes of application of calcium
end magnsslun might hove esused & heavier loss of poteasiua through
leaching or through inorezeed absorption.

As in the caso with soll, & gradusl deorease in potash content
of leaves 0lso wan cbasxved in the control plants. Marked fluatuations
in potesh content of leaves have bocn obserwed in tha calcium end
magnesiune treated plants, In tho healthy plant which recsived calolun
oxide end mognsoiun oxide 4n the %11 ratio, & gradusl incromge in the
content of potessium wag observeds Fyom 5.0 per cent potagh one month
before inoculaticn, it rose to G.6 per cent thres months aftor inoculatios
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the comparable percentages in the oontrol being 6.8 ond 6.2 raspectively.
In ths healthy plants of txestasnt 5 which received calciun cxide end
mognesium oxide in the G611 ratio, the potash content of lcaves showed

& stsady decline with time. The percentege in all coeeswzs lover thin
thone of plants receiving the seoomdary mutrients at the O lovel end
thoze at the 311 ratio. This is in conformiiy with the rosulte of Haiy
erd George (1966), who noted the maximum potash content in the leaves

of banona plants which received calcium oxide and maghesivm oxide in

the 3¢1 ratio and the lowest in those receiving in the ratio 9i1. Iz
the loaves of plants which contreoted the disensa, a grzdual incrsase

in potosh contont was noticeable till the tims of inoculation. A marked
ingoreaszec was Chserved after appsarsnce of symptoms in the plonts which
contracted the disceces Tha highar potassium content in the lesves of
¢isszsed planta ray either be due to increazed sbsorption or disturded
tzanslocation from the leafs Nembiar end Bair (1965)y snd Nadr and
George (1966) aleo ohserved highar oontents of potassius in leaves of
infacted plants as comparad t0 the healthy. Sizilar results of ircroased
potash content in virus infscted hop plants have been reported by

Pruea at al (1965).

The absorption of potsssium by roots £0llowsd a pattern
different from that of lezvess There wus ircreszsi ccoumintion of
potassiua in roots with time in all the treaimenis. %he rate of
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inorease had besn more Or less steady in all the hodlthy plents. In
ihe infected plant of trsatment which received caloium ozido and
mrgnesivm oxids in the 339 zatioc and which showed syspioms 37 days
after inosulation, the highest valucs of potash percsntsge 10.83 wos
racorded two months after inoculstion, In treatnant 4 of caloiun oxlde
ol magnesius oxide application in ths 611 ratio in which aymptoms
sppsered 42 daya sfter inoculaticn, the percantage of potash dropped
from 6429 t0 5429, cne month after inoculaticn. The highsat walue

of 7475 paxr cent potash wes TecCrded two months after inoculstion, end
aftsr appearance of sysptons. Highar parcentage of potassiua in potato
tubers infeoted with potato viruses X end Y haova deen reportst by
Kozlowska (1964)e

galcimm content of soil end absorption by plantsy

A marked lowering in onleiun content of soil has been cbsarvad
four months after planting. This points to tho heavy loss of calcium
by leaching from the surface layers of g0i) whon epplied in large
quantitiess (n the dute of inoculcotion, four months gfter planting,
the sane trend as that of application wms ohssrvads For tha sag levels
of calcium spplication, ‘calcius content was higher for the troatment
receiving tha lower leval of magneaium, The relatively rapid loss of
enlcium from 80il $n presance of mognssium is thus brought cute
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A gradusl deorcess in calcium content of lenvea of all the
healthy plants hava baen Cbserved with tice., The saxs was the cese
with infeotsd plents $111 the dats of inotulations IE 4reantument 3 of
caleiun oxide anf sagnesium oxide application in the 311 petio, which
ahowed Eysptons of infection 37 days after inoculation, the content
of caleiun showed an incressze one month aftor inocculation snd Just
tefore appeirance of symptoms. The lowest caloiun contont was observed
Guring the next month, after the appearcnce of oympiors. A rarked
lowering in calciva content of dissased banana lesves have been reported
by Nambiar end Noir (1965) and Fair cnd George (1966)s The percentage
of calcius inoreased ogain during the naxt month, threc months after
Incculations The oous trend was noticed in the case of infectod
plant of treotaent 4 algo, which hnd rocsived oalcium oxide and
masnesium oxide in the 611 ratic at the lower lovel of magnsaium.

Shew and Samborsikd (1936) and Pruss st a1{1965) alec chsexved ascumulation
of caloium in viruseinfcoted lesves of plants. As in tho case with
calofum content of 00l on ths date of inoculation, tha percentags of
ozloium in the lecves followed tho smie putiern as that of calcium
applications Bafore inoculation and on the date of inoculation, for

the soame lavels of onlcium application, percentage of caloiva in plemts
was xlweya higher in treatnouts of lower magnesiun application. Control
plants showed the lowest percentage of oalciunm in all cases.
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The incrszssd rates of epplication of calcium sliowed the exmo
trond in the upinke of calcium by rcots, alsco. The control pleats
chowad the lowsst values in all cases excopt in dimsaged plonts after
syaptcn appearance. As in the (uge with ecil and leaves, for the
saay levels of epplication, caleium content of roota wos higher when
tha eacumt of zognesivm opplied wos low. Thie relstion wan upsst after
the inoidenco of the dissass. The variation in calcium contents of
reots n infeoted plants £ollowed the same trand es that in lezvos.
There was an inorsacs in peroentage of caloiun cne month aftar
inoculaticn axd just dafore appearenco of sympioms in treaiment 5, which
ohoxed eyaptams of the dissazs 37 days after inoculaticns In trestzmt
4 which expressed syaptoms 42 days after inoculation, a lowering in
psroentaga of calaium wag observed one ronth after incoalaticn, tho
lowead vzlue being recorded during tho next month.

¥ngneaiim content of noll and sbsorption by plantas

The decvenss in content of pngnssiva four months after
Planting had not bacn &9 marked asz that of caleiun end potassium,
¥asneaium mhen conbined with lexge qusntitiss of calcium i1s nore stable
egainst leaching and remvwal to the lower layaree As in the caszs with
caloium, the comtent of mygnesium in soil folloxwed the smme pattern
&8 that of syplication fouy monthe after planting. The oontrol chowed
the lowest percentaze of magnesium. For ths sace levels of application,



76

magnosiun content of tho soil at the root gzone was lower with higher
levels of caloium application,

In contrast to celoium, there was a teadency towards an
incretas in magnesium content with time in the leaves for s cartain
pericd and then m decline. In diseazsd plents, s miarked lowering in
asgnssium content was obsarved two months after incouimticon. Similer
results of lowerod magnesiwn conteuts in virus infected bansna leaves
havae besn Observad by Rozhier end Halr (1965)p snd Hair end George (1966).
A marked socumulation of megnesiu in leaves was obzarved one month
later in digsased plants. Hele st al (1946) and Prusa et a1 (1965) alwso
hadl obszerved highor magnesium contents in letves of virus infected
plentss 4s in tho cass of oxloium, megresiunm content also followad the
saxe pattern a3 that of syplication. XKagnesivm content was lowest for
control planta in nll cases. Before inoculstica snd on the date of
inoculation, for the same lavals of application, mognsaivm content of
plants wore higher in plants that received lower caloius application.

The magnesium content of roots remsainad xors or less stexdy
throvghout except in the roots of dimeased plants, In infeoted plents,
a narked lowaring in porcentesge of magnesium oxide was noticed after
ayRpYOm spponrences Ik trestment 3 of application of caloium oxide and
magnesiua oxide in the 331 ratioc at the higher level of magnesium, an
scamulation of megnsaimm in roots cne month after incculation end juast
bafore oysptonm cypearznca wos noticsds. The lowest values were recorded
two penths after incoulation and aftsr symptom appegrance.
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In infected plunt of treatnent 4, the lowering in magnesium content

had beens gradusl to tha lowest values two months aftsr inoculation.

The behavicur of magnesium in xoots followed the sane pattarn as that

of root calofun alsos As ih-tha case with lenf coleium and leaf mognesiun,
the mazneaium content of roots for the saze levels of opplication was
lower In troataents of lowex calcium epplication.

Calolum and mognesivm thus present en sntirely 0ifforont
picture from nitrogen and potash in the plents, ¥hile the concentyation
of calcium and mognesium in ths hezlthy plents in much hicher than in
the infeoted planta, tha situation is reverzed in the case of nitrogen
end potoshe The cmme xemilis vere rocorded by Nambiar end Eair (1965))
Naiv and Fillal (1966)s and Nair and Ceorge (1966} It can ba ¢oncluded
from those results that wnlike tho other major mutrient elsssnts, the
absorpticn of calcium end magnosium by leaf and root is slowed domn
after infeotion. Caloium end magnesium thus pley a unique role in
Bunchy 70p infeation ond rasistagnco of plants to attack by ths virus.

Calolum ondg[lmmanhm oxide ratio in soil and plants

Thero had becn o maxked lowering in the yatio with tives The
rolatively high rate of rencval of calolum snd the morkod atability of
the snalier amcunts of magnesiwm hed beon responsible for bringing down
the rotlio, Tha ratlo had been the highest far the trestoent recelving
the higheat lovels of caloium oxide and magnositm oxlde in the 611 ratio,
on the date of incounletion.
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The ratio in the leaf varicd widely with troonteents md with
tisas The plants which withatcod infectiocn appeared to show slightly
higher ratios basfore and after iroculation date. In infected plants,
a marked lowaring after aypsarance of ayaptoms have besa noled,

Tho xatio for xoots also ahowad a marked decline after
aypearence of syuptoms in the infeatod plents.

Caioiun oxide plus marnesium Oxia.@tmim oxide ratio of soil and plant:

The retio in the e0il showad e decrszze on tho date of
inconleticn four wcnthe after planting az comparcd to that in the
begimning ihough not as much &s in the calcium oxide/magnesium oxide
zatios The control plent ghowad the lowest value.

The tntios in the leaves had been the lowest for the control
plents in ell cesea except in Infecied plants after sysptom sppesrance.

In xootoy the highest valucs heve been recorded Uy the plants
which got infected cn tho date of inoculation. The valuez cona down to
the lowsst after infection.
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SUMMARY AWD CONCLUSIOES

The expariment to atudy the effect of combination of calcivm
und sagnosium application to #0il on the oalcium oxide/megnesium oxide
78tlo in the plent end on the Dunchy Top disease of bonana, was laid cut
undur swsi-field conditicns. Calaiun oxide eand magnssium oxide wezs
spplied in the ratios 1! and 611, ot two levele Of maznasivz, 0.05 and
0.10 per cent by veight of soil. Uniform levele of nitrogen, phosphorus
end potassium in ell trestzments were given by applleation of equal
quantities of fertilissrs. No organic manure wos added, 5 avoid too many
uncextain footors which might have influsnced the behavionr of caloiun
omf waznesiw in the goll and ebscrpiion by the plonts. The concentration
¢f tho insect intculur wos maintginsd at o uniform level, by ralesaing
infeotive ephide at the rats of 25 each. Imcculation was done four
aonths ofter planting. 7o eveid natural infection before inoculaticm,
pericdical sprays of parsthion 0.01 par cent had becn given as a rsgular
practice. The mesults of the expericent are summarisad bolow.

1. The trestzent supplying calcium oxide and magnesiun oxide
in thoe 3391 ratio at the lowar level of macmesium appeared the best with
anly cne ocut of six plants infected, followed by the control with two
infected plunts. In treatwents of 3371 ond 619 ratios at the higher lovels
of magnesium, moximm meber of disacssd planto, five scch, wes noteds
Sour dicoosed plants ware obearved in the trestzent of calcinz oxide cnd
megnesion oxide application in the 611 ratio at tho lowsr level of magnesium.
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2+ Theva was 8 marked decrsass in the nitrogen content of goil
wlth timss On the date of inoculsticn, foux wonths after planting,
treatznenta recelving {ha highar levels of caloive end masmesiun shomed
eorrespondingly 10wer pezocantages of nitrozun im soil,

% The nitrogen ccntgnt of lsaves exd xoots £0llowsd the save
trend as that of soll nitrogen. There had beon a gradual decline in
percantage of nitrogen with time and with increcsing scounte of the
seconiary rutrients.

4+ An incrésse in the nifrogen cmtant of leaves waa obsorved
after appsarance of syapioms,

5. In ocontrest to nitrogan content of leaves, ths percantage
of nitrogen in xcots shomed a decline efter sympicm Rppearvences

6¢ Caloiim Oxide and mesnsstim oxide application in the
511 ratio tanded %0 ratain soll potossium while supply of mutrionts in
the 651 ratio wzs conducive t0 & greater potash loss from soil.

Te A daoline on content of potash in loaves and &n
acoumulaldion 4n roots was odservad with tima.

8¢ Narked mccumulaticn of potash in leacwes snd roots was
obzarved aftsr appearance of syaptosms.

9s Tha loza of celciun £rom @0l had bean marked &nd relatively
nore rapids
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1 )
10+ For the sane levels of cslcium application, the caleium
I i
oontend in soll four months after planting, in lsaves end roots had bessn

highey when ths level of megnesiim was 10zer.

1i. Calolom content of lsoves and yoots of infactsd plents
showell en insrease just Lafore appesxsnce Of syaptoms cns month aftax
inoulation. The valus went down consifieredly during the nexd month after
WRPLoN apPasTance. 4An acommlation was again noticed cns momth later.

12+ The decreass in content of sagnesiue in soil had nod bewm
en mariad a8 that of calcium snd potassium.

13, 2oz the same lovels of appliomtion of sagnesiue, ths
wagmagivm oontent of woil four months after planting sod of lamves and
zoots of healthy plants wers always higher wien the level of oaleium
application woo lowers

14+ A3 in ths cans cf calolum, the parcentage of megnesiim in
lszvee and poots of infeoted plents onre Goxn aflier appsaranco of sysptors.

15, The ratic of calcitm oxide/usgnosiun oxlde ¢n leaf and root
were alightly higher in the ylants which witkstocd infection than those
which shoval sysptonse A mariked lowarinz in the atlo was chasxvad in the
infested plants nftsr gymptom appetzances

46e The lovering in the calcium Oxide plus magnssium oxide/
potassivn oxide ratio of sofl hat not Dash as merked as that of the
caloium oxife/mngnesiue oxide retic. A mexked lowering in the ratio

in leaves mnd xoois to the lowest walues wam ob vl after app

of sysptoms,
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APPERDIX

Analysis of variengs
Height of plants Hefora incculation

Source e e Inf, Varlenco » Infersnce
Total 15722467 23
Treatzent 212767 3 531.92 F4.20dlo9935 %ot significant
Block 2338467 5 58753 95'20-1.1025 ot aignificent
Errop 10656433 20 5324682

APPENDIX IX

Annlyeis of vazicaes
Helght of rients hefere nyrstom appearanco

Soures EeSe e, Yozienoe g Infereace
Totnl 23053.50 29

Traatpend 2698.30 4 674,58 ?4 '20-0.9465 Yot slgnificent
Bloak 6101,00 5 1220420 5'5 .20-1 #1025 Lot significant

Erren 14254.20 20 71271




ATPERDIY III

Inalysis of wariance
Girth of Pacudoaten bafore inoculation

Eourge Bebe If. Variance » Inforance
Total 192747 29
Zroatnent 98,60 4 24.70 1!4’20-0.5251 Rot sigmifdcand
Block 309,07 5 51407 35.20-0.8155 Hot significant
Do 159960 20 7598

ATFUDIX I¥

Analysis of variance
Girth of Poculostan bulope aympton goposrance

Seurca B8 DLW Voxianca » Infarance

Tatzd 2163247 29

Treatnant T313 4 10.28 5'4.20-0.2112 ¥ot aignificont
Baok 35947 S 71.89 rs'aa-o.em Not significant
Brzes 1730.87 20 85.54




Bmbor of Sully opaned leavas befors inoculabion

=

AFPEADIX ¥
Annlysis of warlance

Souzros Bsf3s Df. Variance ¥ Inference
Total 85,70 22
Preatoent 19,20 4 4£.80 4'20-109835 Kot olgnificant
Hleock 1817 5 3.63 5'20-1.5000 Kot gignivicent
Frror 4R433 20 2042
APZENTIX VI
Anslymip of weriance
Furmbay of £ully sponeld leaves before syapton oypespenca
Souroe ;198 e Yexdcuce 7 Inference
Total 93,37 29
Troatnont 8,87 & 2,23 ?4! 20:0.7503 Yos significant
Blcek 25457 9 5307 5 20" a,7120 Aot olsnificant
Kyrar 5913 20 2,96




APPINDIX VII

Innlyaie of vericmeo
Langth of leaves bLefore incculation

Souweo BeGe df. Varianco F Inforencs
Total 1383537 29
Treatuent 2069.87 4 517.22 P4.20-1'1851 Yot elgnificant
Bloek 3022.57 5 604451 F§,2O-1 3827 Hot wignificaant
Berop B742.93 20  437.19
APPCHDIX  VIIT
Analysin of warlance
Length of leavea bofore syaptom appoorance
Source HeSe af. Varionoe F Infercnce
Total 1546537 29
Treatnent 125787 4 47137 F4'20-0-9223 Hot algnificont
Nlook 3342457 S 668.59 }?5'20-1.5063 Kot significant
Erper 40234.93 20 511.75




APPEIIDTX ;Z,
Analyais of varisnce
Bidth of lsaves beforo inoculation

Source Sels df, YVarienco r Infercnce
Total 230920 29
Treatzont 246420 4 61455 174.20-0-9559 Eot aignificant
Block 814440 5 162.68 r5'20-2.6090 Hot oignificant
Error 4248,60 20 62.43
AFPTMDIX X
Analyeis of varienco
¥idth of leaves bofore symptom eppearancs
Souzee SeSe ae Varianco F Inferanca
Total 171947 29
Troatnent 53614 4 76,54 94.20-1 #2653 Hot eignificant
Lrror 1209.86 20 60.49




PLATES



FLATRs Xo Ganyral view Of the hsaltihy benans plants beiore
incenletion.

PLATE. I1. Ceitors) view of the bdanzna plents afier eypeerance
of eyapicas,






FLATE. 1IX. Healthy Banana plant of twesivent 1 beforo
inocculation.

PLATE, IV, Dicessed banana plent of trestment 9 after
inoculaticn.
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PLATE. IX» Heelthy banans plent of trsatesnt 4 defore
inoculation.

PLATE, X Dissasod banaps plent of trsatnent 4 after

noculsticn.
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FLATE. XIV.

Hsaithy banana plent of treatzent ¢ (esulsica-trested)
before fnoculatic.

Eealthy beoana plent of trostzant 1 (emulsicn-trested)
ofter incculatiocn.
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PLATE. XVil. Hsalthy banznn plant of treatmeat 3 (eculoicp=trcated)
bafore inoculation.

PLATR. XVIIY.  Moeased bonana plont of troatment 3 (caulsion-traated)
af'ter incoulation.






PLATE, XIXe Healthy banana plent of tresatzant 4 (emulsion-trested)
before inoculation.

PLATE. XX Diseaocd banann plant of trestzeat 4 (ewlsicpetrested)
after incculaiion.






FLATE. XXI. Esalthy banana plant of troatment 5 {emulston-treated)
before inoculnticn.

-

FLATR. XXII. Heslthy bonono plont of txestzemt 5 (emulsion=treated)
after inoculstion.
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