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INZTODUCTION

Dunchy top 1o ono of the nost dostructivo of
&3l tho mown diccagses of bonanie It 48 oleo Imovm a0
aGabbago top%, “Curly top? and “Lbtronglos® in difforent
countpdon, A dotailod account of tho origin and oztond
of the discasoy and tho cacnonie loso brought about by it
ic givon in tho oarliocr works in thoso sorlion,

Dannna 45 ono of tho moot ioportont fyuld erops
of Indla, 1% 4o eultivated ovor an gyen of approzinately
124,000 hoeckaros vhich 4o chbout ono-f1£th of the totad
arca undor fwmitc in this countrys Kerala, Madrasy Andhyo
Pradosh, Hycoroy Ansany Woot Bongal ond Dihaer ato the
chiof bonana producing Statoss Korala tops tho 1iot with
o1 ayoa of 45,600 hectaros and an curmal production of
344000 tonnos.

Tho otudy of the mutritional ptatuc of oolld end
lang as prodiopooing factors to Infection by Bunchy top
diocase of banann, hao beon 4nitinted as pavh of & continmuing
woooarch programne ab tho Agvlcultural Collogo and Reccarch
Institutoy Volloyani £rom 1962 undor Dre Csifelle Halr,
Principols Sho suwvoy eonducted Guring tho firct yoar of
inventipation chowed that solls of discaso=-£ro0 areas had
douor contonts of najor mbriconts, nitrogen, phosphorus
a2d potassium and higher contonta of cecon@ary clonento,
ealelun and magnoolan, Lol samploo of healthy and diseaged
banana planto olco followed the some pattorn ag soils,
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She oxporinont conductoed duplng tho same yoar based on
the curvoy chowod that o combimation of calofun and
magnosivm in ﬁug mtricnt nodim couldd bying about &
cioifiemt deloy in tho appearanco of disoase syrwbomos

Szand culturo exporirent conductod during
1064«65 with difforent Covmo ond lovols of ealclus and
nagresiun showed thot appropsiots eombination of
enlefum ond mognosiun 4n tho mitricnd modiun arrested
tho incidence of the dlgease for a ocipgnificant poricd.
Frootnonto supplying calefun ozlde and magnocium oxide
at 0.6 por cont and 0.2 por cont yogpectivoly, on tho
banis of tho wolght of sand arrosted tho 1ncidenco of ¢he
divoace ¢011 tho cmornonce of tho bunchs

Txporinents durdng 106580 to confim tho
rosulfo of cand culfuxo oxporinonts undor coml £ield
conditionn chowed that reslstaneo o Dunchy top infoction
could have boon actually rolated to the rabic of caleiws
ozlde pius magaooivn oxidofpotasciun oxide dn tho ploat
tissuo angd mot Moroly to tho 1atdo of caleiwn oxide/
magnssius oxide in tho matricnt mcdlium,

Duaring 196C-67 1t was found that thoe ratics
of calelun oxide/magnosimm oxido in leaf and root wore
olightly higher In tho plante which withotood infoction
than those vhich chowed oymptouns. A maried lowering 4n
tho wratio was obtorved in tho Infectod plants after
syopton appoarance,



-l e

Furthor investigotions vore nocossitated for
confirnming thoco caridor rocults on some othor warictico
of banange I% has boeon obsorved that $ho sced forming
non-cdible varictics chiow a rolativoly high degree of
rasiotonco to the visus, fneng tho cdible variotios
Java, Monthan, Chavapodati, Drmobaniyon, Ragakadali otos
uore found 60 be polativedy loss suscoptible do infoction
by the vimig, In the proscat studios the rolatively
rosictont Java varicty vas used, as againat tho varioty
tondren 4n cll the provious investigatlons, The Infoeted
viruo concombration was aleo vastly inspoasod, an tho
nmber of aphids releacod on the healthy pisnts wag 100
for coch plart as againot 20 or 25 in tho previcug
cxporimento,
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SEVIRY OF LITCRATURB

1. Riotoxv and dlotxitubion of $ho diseaso

Tho preelse origin of tho Bunchy top
discase of banana ic unknowne The Glsaaso 48 now widoe
sproad in austealisy Coylon, Indla, Malayasia, Pacific
1slands, Rgypt qud Contyal Africa, A roview on tho
history ond occurronico of tho disease 1o given by
Hombiar and Halr (1085)

2. Sougatdve orosplan and nodo of tranoglgsion

It hag boon proved that tho diseaco 4s of
viral origin tranmitted by tho bonana aphid, Pontalonia
pigronorvoag Coga (Goddard 1925, Mapce 1927, Hutson and
Helcom 1930)s

3. Ingubabion norlod.and wirs vootop yolationshiv

tlagoo (1927, 1940) has voportod that tho
aphids fed on discascd plants for 24 hours acquired the
virmg and aftoy 2 days of incubation, tranmmitted it %o
the hoolthy plants by focding on thom for & hours, In
his oxporimonts on Cavondish varloby, ho noticed that
vhen aphids woro roleased at tho xato of 180 to 200 por
plent, all of then shovod diseaso symptons within a
poried of 23 to 22 days. IMMagec has also roported thot
in tho Gros MMichol varioty, tho virus roquires 35 to 45
doys to manifost itsolf. Invostipations at Vollayand
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(1053) rovool that this 4o tme of olooot all culdi-
vatod vartctiss undor tho elinatic conditiong oxisting
in tho staticn,

Hogoo (1097) mocognincd two types of
infoetions primawy and socondnrye Sogondary Infoetion
con appear ab auy stoge of tho geouth of the plont and
inp canged by tho ophld tronsmiccion of tho vimm, <he
visus 29 pystonie in naturo and go tho doughtoyp cuckors
grising fron infoctive mothar plants vill have prionty
infoction,

Yhothor ¢ pland Ao having prinary infoction
oy geeondory infoction, the dicoase oymptoms aze
charactoriotie, Coptyuctive and casily focognionble,
Tho inlticl oysmplens appear on tho loaf ao drzoglor,
nodulay dark greon sireato along tha cocondary voln,
zddrib and pe‘a&ulé. Succorsive loavos aro crortencd in
longth and width, Tho lcaf narpin is curled up,y scovehcd,
fraglle and soncbimos oplitc npar¥s In lotor otogoo,
tho dength of tho potiecle is reduccd, tho leocvos stond
orect and produeo o rogottod appoaranee of "Dunshy SopH,

Ga Dioonen nonld ebnno

Magoo (1853) roportod thadt nmono of tho
cultivated vardetdeo of uca sppe 19 found dorune to tho
dlsenso, Ho obooxved that the varlodios Gros tidehel and
Veimama havo o high dogreo of vesistanes, o attributed
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this to phyciologleal and structoral charactoristics,

Tho wariety Cavendish wao found to bo highly cascoptiblo
(Mogea 1949). Moot of tho cultivated vardetics of

banana in Korala State have beon found to be cuscopbiblo

to infoction by the viraoce. Howevor, varintion in the
intonglty of Infection hao beon oboorvods Tho nost poplar
and widoly ecultivatod varicties vice Hondran and Palayane
thoder are more suscoptiblo than tho othor loss popular
vardctice of banana,

Hages {1083) obsorved that moro viporous and
Tapddly growing plants arc more suscoptiblo and ldable to
bo infocted by tho virues Age of tho pland 4s alee a
factor for infeetion, youngor plants reacting to the
disease more quickly than older oneg, Planks growing on
dmpovorishad gsollo aro less easily rovaged by tho discnse,
thon those 4n rich solla.

Host mtrition

A povicw of 1itoraturc on the offoct of host
mtrition on virus infoction and activity can bo seen in
tho worls of Banbliar cnd Hadr (1965) and Pillay qnd Hady
{1966) in connoction with tho earlfor invostigations of
thils prodien,

Rutrition controls tho growth and eongtitution
of plonts, Thoro 15 no doudbty that vizuc cetivity ig
influcneed by tho hoot plant motabolisme Sho antry,
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novenent and mltiplication of virue and external
oxpression of cyrptons, are all influenced by tho oupply
of magricats and tho host plont phyosioloays

Bifock of plant mirlenig onvimo dnfcation

Digforont mtricnto play difforent yoles
in tho rapistonco of plants to infoction by viras, This
has boes roviswed uith spocdal voforonco to Bunchy top
infoction by provious worlors ao Hemblar and Helr (1068),
ladr and Pillay (1066), Halr and Coorge (2066) cnd NMaly
and Vikeanan Hadr (1067)e

Bitrocen

Jaoncoon (1929) was one of tho initisl worters
to invostipate ths rolationship betwoen plant mitrition
@ the lncldenco of vims diseasoss According to himy
ineronsing lovels of nitvocon increasod both tho aphid
population and tho suscoptibllity of potato plaats 4o
infocticn by leaf yoll and ¥ - vizucose Spencor (1935)
roported that adtropon incxoased tho museoptibllity of
tobacoo $o mosoic virus and Brlovlcy and Otuar: (1548)
roported that increasing tho lovel of nitrogen fop onlons
ineressed tholr suscoptibdility 4o infoction by yollow
dunrf viruse In giving an gecount of the Bunchy top
dicoaso of banang, Wardlaw (1935) stazod that field
observations indicated thot moro vigorous and rapidly
groving plants are zmost suscoptidblo to the diceasce
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syecnivasa Rao (1033) veported that the loaf
of virao infocted plants containod noxe nitrogon than
hioalthy loafs

Tho investigations of Varsdaraja Ayongar (1633)
on tho spike dlsoase of pandal indleated that by prolonging
tho vegotative phasoy nitzogon faveurod tho incidonco of
viris diccasos Folton (1043) and Avonz (1040) oboozved
that o deficiongy of nitropon eansod ocarliay appoaranco of
lecaf 7ol eynptoms on potntocss Kendrich gh gl (1251)
obsorvod that visus eoncentration was reducod to a minimm
by low mitrogon applicatios in tomatoos ingoetod with
tobaceo mogale viruo, EKmgpor (1051) reportod that ndbrogon
epplication dnereased tho succopbibility of potato planta
%0 lcaf roll vimsg infaoction and producced lcovos congonlal
o tho growth ond rmitiplicotion of vimo. Ponching Cheo
% o3 (2952) recorded thot viras assays of tho oxprossed
aap of the spinoch plants chowed virus concontration in
proportion to tho growth of tho planto induced by aitropon
appilcations Similar results wore obSoined by Weathers
and pound (1054). Broedbont gf gl (1952) found that hoavy
application of nitropencus fortilicors inereasod the
cuscoptibility of canliflovor to mooaic virige

Wunschor (1052) repozted thot 4morcasing snounts
of nitrogen ingroaced tho suscoptibility of potatoes 4o
virus Infection through ophids, Accoxding o Diopcks (1953),
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potato planta in tho lowwnltrogen group roecelod negatively
%o infoction by Xevimo, He recomrended modovate supply
of nitzopen as a mothod of eontiole

Commonor g &l (39253) compared thoe nitzogen
contonts of tohaceo loaf 8lsga at varlous intoxvels after
inoculstion with tobaeco mosalc vims and obsoxved a nob
fnerToase 1o protoln contond oo & concomitant of virmo
oynthooins Dost and Gallug (1953) reoportod that tho
conconteation of protein nitrogem was highor 4n loeves of
infocted plants thyonghout tho gyowing poricd. Dorpos cnd
Doato (1953) chowed that both totod and soluble nidvogea
i disensod Pramodos chdpeneiq hod inorcased, Found and

Woathors (1053) found in Gonnecticut Havona No, 33 %obzezo

that vimg activity of exprossed sap wao dircetly cormelatod
with plant grouth,

Virg Sransndssion studicos by Boring ond Blercits
€1955) on healthy rotato pleats indieatod ¢hod hoavy nitrogen
anplication was offcotive im masiing tho oymptomp cansed ty
virg, but ¢he treatzont was inefioctivo in tho infoetod
progeny. From oxporiments with two spocles of Jlcoblang,
Holms and Pound (3D58) noted 2hat the doficlency of ndtrogen
caused mild visa syxmptoms and low vimao conconbration,
whileo the samo wore maricodly ineseased ot highor concontration
of the matriond, Dawdon (1958) cited tho work of Broadbont
and Heathcote wio found that the incidomco of ¢ouliflower
B22ale virus increasod with moro nltropen,
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Bawden (1959) ozplainnd tho voason for high
suscoptibility of plants raisod ender stundant nitrogoen
supply ¢¢ vimug infoction., 4Accomiing %o hin 1% was due
to tho inerease in succulenco of the loasvos vhich rosultod
in grootor dnjury of leaves, produeing norg cnd lorgor
wounds thyough whleh fnfootive vims particles could
antey caoldlys Do Dotortis (1952) demonotrabed Shat nityogon
applieations reduccd oympbons of uhoat sheoak mosadc virus,
tut led to the appearanco of vimw synptons in tho caso of
Rambrandt tulips,

Hoathors (1960) found that tho devolopacnt of

cmpcortls cyoptonma 4m Bupska lonon Ponatzns hrlfoliato was
corrolatod with incroased mitrogon application,

Varma (2961) oboorved that in tho coso of
tobaces plants vizus concontration incroased steadily in
proporblon to nitrogen applieation, Oriod and Axny (1561)
eoneluded fion tholr work on basloy yollow duarf virus thot
vizo Infoetion affockod the nitrogon metabolion by
redueing tho Sotol nitrogen in tho lcavop and ineveasing 1t
in tho rooks, Sastyy and Narlani (1962} found that the
peyeentago 0of infeetion by tho toboees deaf curl virus In
tohaceo fnercased with incroased nitroron, but applloation
in conjunotlon with phoophorus showed a decreasing trond
4n infoction vith incroasing loveln of phosphorucs This 18
in contradiction with the £indings of Dawdon ond Kassanis



{1930)e Castyy omd Vamudova (1262) 4indicatod that
sumhonp rmoassie virds concontration was dircedly corzelcted
with grouth of sonhop plents in yoopoet of nitropols
According to Sadasivon (19G3), nAtvogun lovels that
fuercasced plant growth olso dncrossed viruo concontration
and vics vornas lidtryoren 3ons hod a profound influcaco
on vizus cultipliontions

Broodbont ond Uoathors (1064) £21led to gob
any offect from urea ond monsegyroniug phesphato oprays
on tonatoos infoeted with tobacos nosale viruse Corpontor
(1664) and Uecathors (1904) found that nityogen metrition
of tho hogt hod no offoet on the trancmlssion of bemn
yollow mooale vizuo,

Dazaroun of g1 (1964) cbtainod inercased protein
and poptide nitrogen in tobaceo plants inocxlated mochnnie
clly with tobhagco mmeonde virut.

Lockarel and Ascnnndng (1965) found high nitroron
contont in tho leaf €isounos of virus infoctofl cocon Dlants,

Pausa ot ol (1063) obsorved that mitrogon
eontonts of tho plante had no clignificant wolationchip to
ths incidouce of hop curl diseonsos

Singh ond Bhavpava (31066) found thad virusn
concentration coineided with growth of the plant even a%
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eongontrations wiieh eanccd stunting in watomeclons ., -

jufoctod uith vatornolon mosale viruse e -

Horayonagwomy and Ronckelchoan (1066) woriing
on Flpeon poas infoetod vith otorilidy mossic vimuo found
a docyoaso 1n ckloroplactic protoln and an dnerease in
eytoplasmic protoln dn tho dicoaped loavoss A deercaso in
C ¢ I ratio wao obsorvod duo to vimg infoctiony and thio
rodustion wao attributed ¢o tho reduotion in corbohydrato
contont, and increasc in mityogen contont of disoapod
dcavos,

Tambiar ond Dotr (1085) ond Ualr ond Plilal
(1966) alpo moted sipmificant difforonco in mitrogon contont
of banann leavos duo Yo tho incldonec of Bunchy top discucsos
Nambior and Holy (1065) showed that nityogen contont of
o0ils tabkon from ingfoctod arcas was hiph in comparioon to
hicalthy oroog, Comparative loof analysis indlenied that tho
dlocased loavos contadnod more mit¥ogen than the hoolthy
onops  Hody and Plllal (1906) concluded that the uptole of
nltxogon wao oignificontly ingluoneed by nagnesium and
calefun, It wao alco chown that highor nitrogon eontont
led to an ecasly incidonce of infoctions Oodr ond Goorge
(1006) roported that thore was an inercaso ia nitrogen
contont of logvos after tho incidenco of tho discase than
bofora 4te Aloo tho nitrogon contont of fufocted planta
ronained folrly constant in tho control and in tho plants
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SEVIRY OF LITCRATURB

1. Riotoxv and dlotxitubion of $ho diseaso

Tho preelse origin of tho Bunchy top
discase of banana ic unknowne The Glsaaso 48 now widoe
sproad in austealisy Coylon, Indla, Malayasia, Pacific
1slands, Rgypt qud Contyal Africa, A roview on tho
history ond occurronico of tho disease 1o given by
Hombiar and Halr (1085)

2. Sougatdve orosplan and nodo of tranoglgsion

It hag boon proved that tho diseaco 4s of
viral origin tranmitted by tho bonana aphid, Pontalonia
pigronorvoag Coga (Goddard 1925, Mapce 1927, Hutson and
Helcom 1930)s

3. Ingubabion norlod.and wirs vootop yolationshiv

tlagoo (1927, 1940) has voportod that tho
aphids fed on discascd plants for 24 hours acquired the
virmg and aftoy 2 days of incubation, tranmmitted it %o
the hoolthy plants by focding on thom for & hours, In
his oxporimonts on Cavondish varloby, ho noticed that
vhen aphids woro roleased at tho xato of 180 to 200 por
plent, all of then shovod diseaso symptons within a
poried of 23 to 22 days. IMMagec has also roported thot
in tho Gros MMichol varioty, tho virus roquires 35 to 45
doys to manifost itsolf. Invostipations at Vollayand
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(1058) wovonl that this 4o tme of nlooot all culli-
vatod vartctiss undor tho elinatic conditiong oxiating
in tho station,

Hageo (1027) mocogniood two %ypos of
infoction, primawsy and socondnrye Sogondary infoetion
con appear ab auy stoge of the grouth of tho plont and
ip eanpad by tho ophid tronsmicoion of the viwuss %he
vizus L9 pystonie In naturo and go tho doughtoyp gcuckors
grising fron infoctive mother plants vill have prinnty
infoction,

Yhothor ¢ pland Ao having p¥inary infoction
oy geeondory infoction, tho dicoaso oymptoms aze
charactoriotie, Copbrictive and oacily Socognionble.
Tho inlticl oysplens appoar on tho doaf ao drzoglor,
nodulay dork greon slrealto along tha cocondary voln,
zddrib and patiuléo Suecocsivo loavos aro chordencd in
longth and widths, Tho lcaf nargin is curled upy scorvehcd,
fraglle and soncbimos oplitc opards In lator stogoo,
tho dength of tho potliele is reduccd, tho lecvos stond
orect and produes o rogottod appoaranee of "Dunshy topf,

Ga Disonen wond ebnno

Magoo (1853) roportod thadt nmono of tho
cultivated varletieo of Iics sppe 19 found dormne to tho
diseago. Ho oboorved that the varlodios Gros tidehel amd
Veimama havo @ high dogreo of vesistanes, o attributead
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this to phyciologleal and structoral charactoristics,

Tho wariety Cavendish wao found to bo highly cascoptiblo
(Mogea 1949). Moot of tho cultivated vardetics of

banana in Korala State have beon found to be cuscopbiblo

to infoction by the viraoce. Howevor, varintion in the
intonglty of Infection hao beon oboorvods Tho nost poplar
and widoly ecultivatod varicties vice Hondran and Palayane
thoder are more suscoptiblo than tho othor loss popular
vardctice of banana,

Hages {1083) obsorved that moro viporous and
Tapddly growing plants arc more suscoptiblo and ldable to
bo infocted by tho virues Age of tho pland 4s alee a
factor for infeetion, youngor plants reacting to the
disease more quickly than older oneg, Planks growing on
dmpovorishad gsollo aro less easily rovaged by tho discnse,
thon those 4n rich solla.

Host mtrition

A povicw of 1itoraturc on the offoct of host
mtrition on virus infoction and activity can bo seen in
tho worls of Banbliar cnd Hadr (1965) and Pillay qnd Hady
{1966) in connoction with tho earlfor invostigations of
thils prodien,

Rutrition controls tho growth and eongtitution
of plonts, Thoro 15 no doudbty that vizuc cetivity ig
influcneed by tho hoot plant motabolisme Sho antry,
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novenent and mltiplication of virue and external
oxpression of cyrptons, are all influenced by tho oupply
of magricats and tho host plont phyosioloays

Bifock of plant mirlenig onvimo dnfcation

Digforont mtricnto play difforent yoles
in tho rapistonco of plants to infoction by viras, This
has boes roviswed uith spocdal voforonco to Bunchy top
infoction by provious worlors ao Hemblar and Helr (1068),
ladr and Pillay (1066), Halr and Coorge (2066) cnd NMaly
and Vikeanan Hadr (1067)e

Bitrocen

Jaoncoon (1929) was one of tho initisl worters
to invostipate ths rolationship betwoen plant mitrition
@ the lncldenco of vims diseasoss According to himy
ineronsing lovels of nitvocon increasod both tho aphid
population and tho suscoptibllity of potato plaats 4o
infocticn by leaf yoll and ¥ - vizucose Spencor (1935)
roported that adtropon incxoased tho museoptibllity of
tobacoo $o mosoic virus and Brlovlcy and Otuar: (1548)
roported that increasing tho lovel of nitrogen fop onlons
ineressed tholr suscoptibdility 4o infoction by yollow
dunrf viruse In giving an gecount of the Bunchy top
dicoaso of banang, Wardlaw (1935) stazod that field
observations indicated thot moro vigorous and rapidly
groving plants are zmost suscoptidblo to the diceasce
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syecnivasa Rao (1033) veported that the loaf
of virao infocted plants containod noxe nitrogon than
hioalthy loafs

Tho investigations of Varsdaraja Ayongar (1633)
on tho spike dlsoase of pandal indleated that by prolonging
tho vegotative phasoy nitzogon faveurod tho incidonco of
viris diccasos Folton (1043) and Avonz (1040) oboozved
that o deficiongy of nitropon eansod ocarliay appoaranco of
lecaf 7ol eynptoms on potntocss Kendrich gh gl (1251)
obsorvod that visus eoncentration was reducod to a minimm
by low mitrogon applicatios in tomatoos ingoetod with
tobaceo mogale viruo, EKmgpor (1051) reportod that ndbrogon
epplication dnereased tho succopbibility of potato planta
%0 lcaf roll vimsg infaoction and producced lcovos congonlal
o tho growth ond rmitiplicotion of vimo. Ponching Cheo
% o3 (2952) recorded thot viras assays of tho oxprossed
aap of the spinoch plants chowed virus concontration in
proportion to tho growth of tho planto induced by aitropon
appilcations Similar results wore obSoined by Weathers
and pound (1054). Broedbont gf gl (1952) found that hoavy
application of nitropencus fortilicors inereasod the
cuscoptibility of canliflovor to mooaic virige

Wunschor (1052) repozted thot 4morcasing snounts
of nitrogen ingroaced tho suscoptibility of potatoes 4o
virus Infection through ophids, Accoxding o Diopcks (1953),
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potato planta in tho lowwnltrogen group roecelod negatively
%o infoction by Xevimo, He recomrended modovate supply
of nitzopen as a mothod of eontiole

Commonor g &l (39253) compared thoe nitzogen
contonts of tohaceo loaf 8lsga at varlous intoxvels after
inoculstion with tobaeco mosalc vims and obsoxved a nob
fnerToase 1o protoln contond oo & concomitant of virmo
oynthooins Dost and Gallug (1953) reoportod that tho
conconteation of protein nitrogem was highor 4n loeves of
infocted plants thyonghout tho gyowing poricd. Dorpos cnd
Doato (1953) chowed that both totod and soluble nidvogea
i disensod Pramodos chdpeneiq hod inorcased, Found and

Woathors (1053) found in Gonnecticut Havona No, 33 %obzezo

that vimg activity of exprossed sap wao dircetly cormelatod
with plant grouth,

Virg Sransndssion studicos by Boring ond Blercits
€1955) on healthy rotato pleats indieatod ¢hod hoavy nitrogen
anplication was offcotive im masiing tho oymptomp cansed ty
virg, but ¢he treatzont was inefioctivo in tho infoetod
progeny. From oxporiments with two spocles of Jlcoblang,
Holms and Pound (3D58) noted 2hat the doficlency of ndtrogen
caused mild visa syxmptoms and low vimao conconbration,
whileo the samo wore maricodly ineseased ot highor concontration
of the matriond, Dawdon (1958) cited tho work of Broadbont
and Heathcote wio found that the incidomco of ¢ouliflower
B22ale virus increasod with moro nltropen,
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Bowdcn (1959) ozplainzd tho voasen for high
suscoptibility of plants raiscod vnler otumdont nitrogon
supply to virus infoction, 4ccoriing %0 hin 1% was due
to tho increase in succulencs of the loavos vhich rosulted
in grocter injury of leaves, produeing norg ond lorgor
wounds thyough wilch infootive vimeo particlesn could
antoy casilys Do fobortis (1952) demonstrabed Shat nityogen
applieationg roduccd synptons of uhoat sheoak mosadc virus,
tut led to the appearanco of vimw syoptons in tho caco of
Rambrandt tulips,

HYoathors (1960) found that tho dovolopmcnt of

oxpcortlis cyoptons 4nm Bureka lcmon Ponsigms fxlfolicho was
corrolatod with incroaced nmitrogon application,

Varma (2861) eboorved that in tho caso of
tobaces plants virug concontration dncroacod ptondily in
proportlon to nitrogen applieation, Oried and Azny (1961)
eoneluded fron tholr work on baslcoy yollow dwarf virue thot
viso Infoction affoctod tho nitrogon medabolion by
redueing tho Sotcl nitrogen in tho lcaveo and imeveasing it
in tho rooks, Sastyy and Darlani (1982} found that &he
percentago of infoction by tho toboees deaf curld virus In
fobaceo dnercased with increasod nitrofon, tut appllcation
4n eonjunetlon with phogphorus showsd a deomasing trond
40 infoction vith incroasing lovelp of phosphorucs This is
in contradiction with the £indings of Dawden and Kassanis




{1020)e Caotry ond Vazudova (1202) 4nddcated that

sumhonp moasaie virus concontration was dircetly correloted
with grouth of sonhonp plents in yoopoet of nibrogols
Aecording to Sadnsivon (19G8), mitrogun lovels that
fuercased pland prowth olso dncroassced visuo concontration
and vics vornae lidtyoren 3ons had a profound influcaco
on vizus multipliontion,

Broodbont ond Uoathors (1064) £21led to gob
any offect £rom urea ond nonsegyoniug phosphate oprays
on tonateos infoeted with tobacos nosale viruse Cavpontor
(1664) and Ueathors (1804) found that nityogen mutrition
of tho hogt hod no offoet on the transmlstion of bomn
yollow moonlo vizuo,

Dazaroun ok 43 (1964) cbtained inercased protein
and poptide nitrogen in tobaceo plants inconloted mochanie
clly with tobageo mmeonde virut.

Lockarel and Asonandng (1965) found high nitroreon
contont in tho leaf €iseunos of virus infectofl cocon Dlants.

Pausa gt ol (1068) obsorved that mitrogon
contonds of tho plaonte had no clignificant rmolatlonchip to
ths incidonce of hop curl diceonsos

Singh ond Dhavpava (1066) found thad virusn
eoncentration colinelided with growth of the plont even a%
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eongontrations videh conscd stunting in watomclens ., -
4nfoctod ulth uatormolon mosale virus, -

Horayonasvony and Ropcksdchnan (1068) woriking
on Plgoon poas infoctod wvith gtoriiity mossic vimus found
a docyoaso in ckloroplastic protoln and an dnevease in
eytoplasnic protoin dn tho diooaced loavoss 4 deercaco in
C s I ratio wan obsorvod due $o vizug infoodiony and thio
roduetion wao attritnted ¢o tho reduction in corbohydrato
contont and inereasc dn nityogen content of dicoassd
dcavos

Mombiar and Nair (1965) cnd Ualr and Plilad
(1968) alpo noted sigmdficant differonco in mitrogon content
of banana leavos duo %o tho Ancidoneo of Dunchy top 445cuse
Hambiar and Hodyr (1965) showed that mityogon contont of
o0ils takon £rom infoctod arcas was hiph in conparioon to
healthy nroag, Comparative lenf analysis indlented that the
dlocased leavos contained more nitryopen then the hoolthy
onsps  Holy and Plllal (1906) concluded that ¢he uptale of
nitrogen was oignificantly influvoncod by nagmosivm and
caleium, It was qleo chowm that highor nitrogon econtont
led to an casly ineldonce of infoctions Hodr ond Goorge
(1065) roported that thore was an isercaso in nitrogen
contont of loavos after tho incidence of tho discase than
boforo ite Aloo tho nitrogon contont of fufocted planta
renained folxly conctant An tho conbrol aud in tho plants
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Naxmblar and Hody (19G6) roported that thove
was o highor concontration of arallablo potach 4n fho
50ils of hoalthy aroas es compaged to Lho diceaccd
bonana areass Thoy slco obsorved highor esucountration
0% potach in tho diseasod 2oof sauplos O banona op
coopared €0 the hoalthys lalr and George (106G) found
that thoro was ar 4nesonas in petasoiun contont of leaves
after tho incidenco of the dlscasn, Alco 4% was moted
that potacsium ecntont of tho plont tioouo in all the
troatnonts vag bigher thon vhot was roporied by Hedr and
Pilles (20C3) for plnnta wilch deloyod imfoction by an
appreeiabio poriod of time,

Calgdun

Calodtm 45 a comstituont of ecll wall of
plants and 4o proscemt as calelun poctato in Zhe niddlo
lanaline Thoe influcnes of ealciwm on virug digeaso uzn
Imowm o thoe roscarsh woriors oves £ron tho carly tines
of invostipations of plant vimus dlooasos.

Guoensiond Agricaltural Journod (1042} roported
thot sulphur was applicd ot the rato of O cubs poP nerw
togothor vith Iolond forsilisor followed with 0 ¢0 10 cube
por acre of basic super eontaindng 45 por cent lino and
17 nor cont phoophiorice acld oyxound tho banann stosl o a
raddug of 3 to 4 faot. Al1l tho guchars WwOIO talcn fxn
Dunghy top &balliy but nono got tho dicocascs Tho soport
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furthor onyp that the folisge was of oxcollond eolotE
and the grouth of tho plants wom ozcoptionally good, Tho
©ld dlocascd stolko sinmilarly SToated woro throwing out
vigoroun eontyo loavods

foport of tho Hintotry of Apriculiuro, Australia
{1923) shovod that tha use of conplote fortilicers 14moy
basie phosphato oy dlsinfoction with variouws funglcidald
preparations, folled to provent $ho cecuryonco of 1o
Bunehy top 8180800

Sroondvacs Roo (1933) ebsorved that thoe spike
disoased sondal loavos comtainod only ono fourth of
ccleinm that wao precont in healthy loaves. AfAecording to
Varadareda gyengor (1833) the low ozlelum content in vimuo
infoctod loaved wag duo $o the dlsturbance $n tho calelun~
nitropon medabollon of tho dlgonced plunts viich rogulted
in reduesd tronslocation of ealciume

Sopoisin and Sommor {1040) have ropozted that
in the absonse of ccleium, mitotie dlivision hoeomos
aborrant o supprosceds Cslelun 2o aloo kmoun &0 have a
020 in pityogon niotabolion of plantos

Tho studieo of Boring ond Dlexchs (10585)
Indlonted thot oxcoss lime application magkol oyuptons of
loaf woll and obyoal: discase of pototo.

Chosoln and Seott (1055) oboerved that calciun
doficioney in Uigotiona plutinosg plonts hed no infiucnce
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on the sigo of tho locel desions formed on tho lesves
infoatod by tobasco mosado viruce Subsequont triels by
Chesodn and Ocott (1050) shoved a opoeific rofucticn 4n
tho 4nfoction of todaeco mosude vivuo on cnlciun
doficioent [1, glutdinoog plantos Accomiing 4o thon colciun
doficioney affocted the intrinctie coll ocuncoptibility to
infootion rathor than offoring nechanieal rosistanco to
viruo ontry,.

£hav ond Ssoboraid (1966) chovod that caledun
ageurulatod in young loeml losiono of tobuees mogale
viruo on Jieotdaide

Proo annlytiond studios, Loring and Yaits
{1957) eoncludod that calefun vas on iAntegral constitucnt
of toboeco tooalc vimus,

Tho triale conducted by Hovoland gh gl (1053)
broupht out that potato leaf roll virus intorforod with
tho uptolie of calodun by tho host plank,

Hurray (1052) from his otudies on tho doficionoy
syaptons of banona concluded that caledun deficicney,
wlilto thoso of othor mutricnts, manifopts itsols only
at lator stoges of grouth vise 4th or 5th loaf stagos
This cynpton oppears as o pgradual loss of esloury in
narrowr band olong tho narpine He also statod that Footso
tend to bo chort, stubby ond tmch dbrenshed ond are vory
suseeptible to fungas attacke
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Parthasarathd and Bao (1062) noted lossor
poscontage of calelun dn tho opike disocased condal loaves.

From tho analysis of sixbeon £0i) profilec,
Halwodion and Yodov (3062) found o hichor coleiun eontont
in tho oolls of spilio discaced gandal trocss

By groving Potunia hvbrldg and Hlcotlona
Sohacyn 4n oond culture at diffemont lovols of calefum,
Varmn and Verag (1063) obgorved thab Wighor lovola of
coleliun Ancronscd the vixus concontration in tho infeoted
lcaves of both planta,

Srivactava (1063) reported that coleiunm io found
to bo effoctivo in Anproving tho growth of banano plant in
all its aspoctc, Adoguate amount of caleiun sigaificontly
ireyonsed tho Srogh wolght of tho roots, loavos, ston and
ontire plants leaf ares and ary welght of tho loavons

Aecording to Sadasivan (18G3), caleirm
dofielcney rodueon tho munbor of loocal lesions by agfooting
intrinsic coll supcoptiblility rathor than by moehanical
resiotanco to ontry of viruscoe Uelten (1064) found that
the suseoptibility of Lincsln peas to iusculation with
boan yollow mooale vims by Lyaug poraiess was unagffoctod
by addition of caloiun cholatogs

Sastry (1085) oboerved that abovo an optimum
lavol of calelun, growth of Crotolardg fupcea was rotawded
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and concontration of sunhenp mosoie vizuo roducods

Pruca o gl (1865) found that in hop plants
infectod with hop eurl dlcoancy the contont of calclum waa
hghor than in healthy once

2% was obsorved by Uomblar and Uair (1965) that
s04ls £ron sltes of hoalthy plonts in both laterdte and
aondy areas chowod o hipghor contond of total ond
oxehangoeblo coledun, inalyoio of hoaldhy and dicozsed
Joaves showed nigai€icontly highor vnluoe 4n thoe heolthy
plantos Hodr ond Pilled (2968) concludad thob tho uptoke
of caleium hod o mojor role in thoe incidenco of tho Dunchy
top dicoasgs The plonts waich hod dolayed infoction had
a highor poxcontose of ealelum than tho plonto which got
discase oardiox,

Halr and Ceoppo (1068) obsezved hipghor coleiun
contont in lcavos of banana boforo incideones of tho
diccaco than aftor infoctione Tho aboorpticn of caleiun
by planbs umder difforent troatoonts boforo infoction was
ot clgalficontly difforent dndtcating that boyord a
cortain lovel of ecoleius, furthor additions to tho mutrlont
oodlun would have no offoet on tisoue composition,

Hagngadng
Haolo ok ol (1048) chowed that napnooium content
wan consistontly highor 4n boot plonts infocted with booh
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yolloy vizus than the hoolihy plonto and that the
difforence variod with tho degreo of infootions

Ryjuoff and Smiynova (1948) found that waen
half loaves of JHigotinng pintinong plants inoenlated
with tobaceo moonle viras uvere kopt subaopred Cox
govon days In g 0.1% solution of magneolum sulphato,
multiplination of vime was naredly doprosseds

Cookte (1950) found that the taporing Alssace
af eoconut was consed by tho dofleioney of nagnosiuma

Alvin {1050) in Gotoraining tho causa of
lcaf rot diccaco of frgye gioolons found that 4% was duo
to nagnondun dofleicneys Tho foct that the dlccaso can
bo controllod by the addibion of potasnimn suiphatn was
attributod o tho mobllisation of nagrosimy in tho cofl
by baso oxchingte

Brn and Chanplon (1054) obsorved that the
blue disoase of bananap in Fronch Coinea was associated
with magnoofun Qoficicneye Thoy have dcoastraled tho
offcctivoncos ©f magnosiun dn any form againgt 4ilo
disoaso copoeially as dolonite,

Chopsin and Scott (1955) otated tuab ealcium
and magresium Qoflcionelos had no apparont infliucnco on

he oizo ond local Zosioms on Figobiing clutinogd
induecd by tobaeco mosale vima,
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Tho chanteal analyodo of tobasco wosale
visas by Ioring and Warits (1957) otrongly confiymed
2ho viow that nmepnoniun was an intogral viral ingredicnte

tiaxdokulandal and Doraira) (1962) 4n tholy
study on orango decline noted that hdcher nagnesiwn
content was asoociated with healthy txoon and that thoe
ratio of calcivn and mapnosiun 20 potocsium decroased
congidorably fxom healthy to affocted trcess

Accomiing to Mitlor and Izard (1658) wagnosium
culphete €oiled to veduce tho activity of tobasco mooale
virao.

Hovoland gt gl (2958) fron tholr ctudios on
tobaeco noticed that leaf 01l vims affocted tho
nagneoiun absorption of the host plant,

It was found that incidoncoe of 01l palm erown
digoaso and 13t81e leag dncrensed whore potogsiun was
applicd olono, but this wac eountordalanced by the
addition of magnosiun (Anonymous 1958),

turray (1959) stated that the dofieloney of
mapnosiva on tho banara plont appears as @ vory
pronocunced comproscion of young Jeaves and they ctard
unfuriing bofors thoy have conplotely emcrped from the
sheathing lecaf baocde, A gradual lops in colour and
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appearanco of brown spots ave sten on tho loaf blado
fron the 4th or 6th leaf, Hurray (1960) bhas again
pbatod thot magneoivm doficiency in bansnae ineroases tha
porcentape of phosphorug in tho leafe

Shophord and Pound (1060) studicd tho offoct
of mogrooivg mtrition in Hicotiong fsbagm on tho
multiplication of tobacco wosnlo virus. iagnesium
dovelopedt doflcicncy symptous st 0u8 ppme  ASSays ghowed
a conolstont though emally reductlon in virus eoncentration
in magnosiun defiolcnt plants,

Varaa (1064) studicd the sffect of magnooium
mgrition on meitipitcation of tobacco mocate virns in
Hlcotlang kabacun and Potunds hydbrida and found that
viras ecncentration fucroaced with dngroaco im magnostum
coneentration,

Wolton (1064) wopopted that cusesptibility of
Lineoln peas to inoculation with boan yollow mosalc vimo
by Hymue poroicna was unaffacted by addition of magnosium
cholato,

Prusa gk ol (1865) showed that infoction of
hop plants with hop curl discase was noticoably nhibditeod
Yy spraying or irrigation with salts of magnesium,
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Saotyy (1965) oboorved that above a cortain
optimum Eagnosium lovel growth of Crotalaria Jjuncoa
infocted with sunhomp mosale virus was retarded ond virus
coneontration seduced,

malytiedd studfos of Lockarel and Aconsning
(1565) on the lcaf sanples of cocoa pficeted by cwllen
ehoot vimo showed lossor contont of magnesium than in
healthy lcavess . .

Sastyy (1968) ctudiod tho offcct of mognesium
application to clustor beono on the preductilon of local
lesiono by cunmlienp mosaic viruse He moticed that 4he
ool of magnosiva optimin for plant grouth proguced
manim pusbes of loenl lesions on tho loaves of cluster
boans,

Hembiar and Nalr (1066) showed that tho soils
fron tho sitog of honlthy banana plantso woro higher in
total and oxchangeable magnesimm comparved to dlsonssd
groags Healthy lcsf sauples woro high am the coutent of
magnosiun as compared to tho dicenssd, Tho vork of Nair
and Pllal €1966) chowod thnt thore was a high contont of
nmagnosiun 4n tho lceaves of banana plants vhich had delaycd
infcotion, comparad to those whleh had oarlior infection,
fody ond Georgo (1966) roported that incroased absorptica
of nognosiun by banang plants was favoured by lower
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eoncontrations of ealeium and that ol the plants
containod approciably highor quuantitios of nagnosiun
baforo the incidence of tho dlscase thon aftor infoction
by tho viruse

Saledwi piug Hognosdun

Tavostigations sarricd out on plant virmsoes in
relation to hont nubriticn indieated thot ealciun and
nagnosiun in combination groatly alfocted tholr activition,

Robert (1033) studicd tho effoct of potaosiun,
caleiun and nammoesivn ions, slngly and 4n conbination on
boon plant ond found that potash vhon assoelated with
nagnosiun, materielly rotarded caleiwm absorption and
whon conbined with calolum, mariedly zeducod tagrosium
absorption,

Sadnik {(Sr) ek gl (1052) havo obsorved that the
upbelio of minor olenonts in vhoat and sorghum wao maximum
at e edlclun/mognosiun ratio of approxzinatoly 4 3 1.

Brun (1254) in Fronch Guinoca obsorved thas
bonana planto affected by blue discase have low contont
of calcium and nagnosiun gnd tho oymptoms wore eondrolled
by the pddition of lino and magnosium,

Chossin and Scott (1955) invostipotod the effoct
of minoral ragrition on tho nize of tho local lesiona
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formed on tho leavos of Iigoticng givtinons after viyup
infoction. Thoy found that additions of exleium and
nagaosiun dn tho mtricnt medfun had no epparont
Influenco on tho sige of locel lopiens produeod on tho
loaveos

gaman gnd Mlathds (1056) otatod that low
ealedun nmagaooiun ratlo of loaf compared to thot of fmit
is agooelated vith tho oecurrcnes of bittor pit (boaldurin
apot) of applose

Wambolee (2057) duvoetigated thio xoacons for
tho yoliowing of o4l palme and found that o low
eoneontration of naognosiuvn and calelun in ¢ho foliago wag
acsociatod with tho discacos Anplication of 0.5 kge ©f
magnoodun gulphato nand 1.5 hge of caleium carbonate
followod by 0.5 to .0 Lige of potash-magnocin scveral
nonthe later was found 0 ba benoficlals

Lohousso (1064) ptatod that in tho plant coll,
calofuwn and magnosiun havo o chomdeal enllofdal rociproeal
astion, If caleium / magoosium zatlo 4o loos than 1.8,
the ealelun condition in the soll 49 adla ¢0 countoract
any phyoislogleal zisks rosulting £1om oxcand megnooium,

v Tate gt gl (2866) notiecd that collulas
dogenaration ond disorganioation wore the glowost in plants
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growing on a cofd with a CadAld ratlo of 3¢ Thoy have
also obsorved that a dofinite Cad/ME0 ratio in the pland
tiosuoy vathor than in tho nutriont modium, may
contrimto towvaxdo rosiotenco 0 ecllular changos
congequent on viras Anfoetions

/Tho Anvostigations of Uanblar and Hale (1065)
ghowed that £oils collected £rom diceaso provalent banang
87003 WOrXe poor in calciun and wmagnesivm. %ho analysis
of the discasod loef samplos of bguang aloo rvovealod that
salelum and nognosium were lovor than in hoalthy onos,
Bloborate studios woro conducted by ladir and Pillal (1960)
vho found that the leaves of healthy banana plonts oupplicd
vith cclclun and magnesing had a CalAigd Tatdo of 3.5 o 4,
Thoeo plents fnhibited the oxprosslon of disvaco aywptoms
untild tho cmorgenco of tho Mumch,

/ Halr and Georpo (1068) found that vooistonce to
Munehy top vimus nay be corrclated to $ho ratic of caloium
oxide plus magnoolmn oxide / potassdwn oxide in tho lcof
and not mexoly to tho ratic of caleivn oxido / magnesium
oxlda,

/ Tair and Vikraman (1957) obsorved that Ce0/ME0
ratio 4n loof and ot of banana woro slightly highor 4in
the planto walch tithotood dnfoction than thoce ubich
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ashowed oymptanos A maried lowering dn tho radio was
obgerved $n tho infocted plants afior syoptom
appoaranecs

Salelun riug noegoniun Z potaccivs

Nceont studiog on caleivn, magnociun and
potasaium dhow ¢hat tho zxatios of thosc nutrionts 4n
host ploatc 2nfluonco tho petivity of the vimg, Somo
wore aro magpostivo that thoso ratioo eontyol tho
stmucture, Govolopacent and rultiplication of tho vimo
in tho infocted piantse

Ponzor (1057) otudicd tho offcet of caleium
plnc mogrosiun / potassium ratico inm boan plants
dnoculiatod vith tobaceo mosaie viras and found that
groatest looion mwbors wers ceen in tho mediun of high
zagrogdun vith lov potassiun and colelvm, asd &n tho
modiun of high ealeimn ond lov magnooiun and potasciun,

The investigations of Crewloey and RHanson
(18G0) rovoaled that additicn of potassiun togethor
vith aoduction of caletwm in the matricnt mediuwn produced
conoldorable irercaso in the concontration of vigus in
tonnto root merictom.

Tosopon (1902) notiecd thot tho infechivity
of tobaceo noerosis virsy encunbor mosade virug ond
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tobacco ring spot vima was inhibitod by the application
of eolofuan and nognosiu dn the putricnt soluticon. Mo
romoxted that tho inhibvitory offoct of colciun ond
nagueslia was deercased by potasofun nppiieantions

Uamblar cud Nair (19CB) roported thab enledum
oxide plup magnooium oxide / potaosiua oxido ratico in tho
leoaves had o boaping on tho iucideonge of Bunchy top dlscase
of banana, Eho rotio wae lowor in diseancd Xoaf samplos
ecomparod to the hoailthy, Furthor ozporimonts by Neir and
F41lat (2906) roveolod that o Cad + lpd / K0 xatio of onro
or neay about one in the plant tiscve could suscosofully
roclat the 4ncidonce of Bunchy top dlsonso unbil tho
energonee of the bunchs CGeorgo and Uate {(1963) concluded
that the vocistance of Dunchy top virus oight be correlated
o tho ratio of caleiun oxids plus mogrosiuvn oxide /
potasoiwa oxido ratio in tha loof, and mob morely to the
eatio of coleiun oxlde / magnosium 0xidos

Sulslae

Avong {1949) found that rogemovation of potatoes
infosted wlth potato loaf roll vimo conid be offocted only
by application of nitrogen, This effoct waa favoured by
application of culphote, Accozding %0 hin this was duc o
the higher formution of plank protoin,
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Suas (ID56) oboorved that in honlthy potato
loaves sulphur wao uniformly disteibutod but in thoce infected
by potato loaf roll virusy 1t cecummlatod In tho veins though
uptoko was logs than in the hoolthye

Ling cnd Pound (1962) yoported that in tobaceo
plonts growm withent culphur or with subeopticod oulphnr,
accumulation of tobaece megsale virns wos mariodly and
gonodstontly lecs than that in plonts rocolving optimum
culphur lovelge

Sestry (1085) notod that growth of Crokalaris
Jdupgog and concontratlion of mughenp mosnle vimes woro yeducod
at lovols of sulpimr above tho optirum for grouths

Prasa gk 2L (1965} found that hop curl disease
of hop plante did mob being sbemt any change inm sulphuy
contont in the plonbse

illezomtrionta

Srivastavn (1964) in hio studlos en the Tesponse
of banana o niexomubtricnts obeerved that minc proved woot
helpful for tho growth of tho planto. Coppowy boron and
oolybdenun holpod bettor grovth of the subterrancan parts

and sono root charastors end nangmmeso chowed ugoful offoct
but not of a high ordor.

Bicromibricnts produced Goficleney and toxie
symptoms in plants, similor to virus infections Thls hes
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arouzned the astention of many workors and led to the
investigation of the part played by niexsmutricnts in plant
vizue digoescss

Zixe
Tar'wood {1954) dervenstrated that the

sueceptibility of Zhaseolng iirasis leavos te tobacco
resaic vive was induced by 10 mimbtos dmorsion in 0,001
o 0,003 por cond zine sulphate, The same troathents
decroaged the nunbor of tobacco mosaic lonlons on Uieotisna
Llukiness Joavos,

Ihe invostigobtlon of Holma and Peund (1955)
brought ont that tobacco grown in colture solutiens
recoxlod nanimn visus concentration at tho optimunm lovel
of sine for plant growihs

Rich (1956) pot prondeing reoulis vith sine
sulrhato walch reduced the porcontage of dicecased plants
par plot fron 8,6 to 840

Trials of Hitior and Izard (1033) indientod
thot zive sulphabo hod no offcet im controlling tobacee
moonle visas @looase,

Pmsa gk gl (1965) foumd that hop curl discass
of hop plantsc was naticeably inhibited by spraylng oy
irrigotion with sults of zine,
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fareda {1005) pot inervarcd vims concentration
ond loedl lonieon prodguction in tomato plants Anfooded by
tobanco mooale viras by zine sprayss

2ara

Shophord and Pound (1050} rotad thok 4n boron
doficdont tobaeao piants visan conesndration wop lossor 4n
tho oarly porieds of infoetions bub later inercapod
conolderably, Gimdlar rosnlse wero also obtoinod by Sastry
2% 23 (10643) 4u sunhonp,

Tord ot a1 (1964) concinded that pododo vizus X
eoncontration in Hicotiong fobgeum Ansroased uoze clowly
initinlly, but later rosched highor concontrations in
immeulated loaves of boren deflielont plonts than An thase
uwlth oufficlont boron, Horon doficloncy 444 mot albor viwms
tranglocation,

Prusa gk gl (1068} wvopostod that lwp curl dlscase
wai notlcoably inhibited by spraying or irrlgation with salss
of LoxOT,

Aceording to 1Albrath gt a1 (1968) in a5 diseace
of oweot borey in widch o vims and boron deficicney were
involved, treos oprayed with boron produced nermal fyultc and
loavens
Sx0n

A

fnalytienl studies of Lowring ond Harits (1957)
showed that 4mem wae a constituent of vimug,
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Pound and welkle (1858) noted thot tho intensity
of mosale vimus synpton wos less in tho iron dofieiont
tobreeo plantse

secoriing to Parthasarathd and Roo (196D) spike
discnse in pandal eamsod reduction in tho aboorptlon and
translocation of Avon which produced chlorotic loavess
Thoy cboerved o high accurmlation of Aren in the 100t
#ips, wideh later lod to docale

Sestry {1964) coneluded that the optirmm level
of iren for plant growth was congondal Lor maximmn vims
mltiplication ia surhemy,

Zolenova (19647 roporbod that insufficlont ivon
and nanganoeo dininished syuptenms of infoctlion of cucunber
mosaic vizug in cucnmber (Cueumis gativia)e

fiadd and Raychendhiri (1066) oboerved in potato
Plantc thot coneontration of potato virag X was loos at low
lcvels of drons Doficiency of izon appoored to Linis
vimus muitiplication,

Prusa g& gl (1965) found in hop curd disease of

hiop plante thot thoxe wno no difference in iren eoncontration

before and after the incidoner of tho discanos

Hanesunse
Btadles of Sroenivacs Hao (1933) chowed that
zanganane content 1o highor in vimg infocted planig.
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Tren the %rialo on Yobaces plontsy tlelitio and
Pound (1053) choomwed thot dntonoity of rwonis ddsoase
syepton tns Teduced with o docreass An nanganoso cupply,
but concentration of virus roachod o hghor lovel than im
noraod plonta,

Carmen {1963) roportod thnb nmomganeno doflcient
tobaeco plonts wore pore suocopbible $o cueunbor mesale
Vimo and cobbags vimuse

Dxporiuonto of Sastiy (1064) on cunboup noesie
viras hrought to 24cht thot nmangengoo dsficient plents had
highoy virua soncentrabion,

Carpenter (1004) chowed that tronguiscion of
beon yollow nosale vims by sphids was wnaffortod by
nangonese mbrition of tho hosh,

Zodomova {1064) obooxved thot insufficicnt
mangoanoso An the nuteitivo nediun dininiched symptons of
infoetion with cugmithor mogale virus on cuounbor

Feasa gb gl (10G6) showed that hop curl disanzo
in hop plonts vas noticoably inhibitod by opraving or
irzigotion with salts of monpanosc,

Liokzbdomg

The chosyvaticns of Bitlor and Yzard (1059)
showed that armonivin nolybdoto failed o pontrol tho mosale
diosace of tobaeco plantos
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Pirono ond Pound (1962) observed that masale
vime infocted tobaced planto uvhen grawn &t dlgforent
oolybdenr lovels produccd highor virmus concontrotion 4n
plonts redeiving nolybdenem ot optimun for plant grouthe

According to Sastyy (1962) vizus consontintion
40 positively cogrolatod yith plont prowth, Ho found thot
the noxizun concontrotion of virus vas obtained ot the
dovel optimun for growth ab all clapos following meulat:aag.

Prusa gk g, (A8GS) chowed thad hop ourd disecase
of hop plonts wap iokibited by cpraying or irvigation with
ealte of rolybdemms

Lopzox

Acconding to Lozing and Warits (1057) coppor
is an intrinsle ingrediont of tobases noooic VAXUSe

Sastzy (1063) noticod that tho levols of ecopper
favouring optirun growth of cunhomp dnercascd the coneontration
of vizrus in plent ¢isoue,

Sastay (1064) confirmed theso rosulto by fQurthor
exparinentos

Shloing
Dloreis (1053) found thnt oxsoas chioride in the
il saonduents strondy cerelurated tho mevonond of X vimag
L~ ©f tho putate plant, )



MATERIALS AND METHODS



~ HEIDRIALS AND METHCGDS

The exporinont was condueted ab tho Agricuitural
Collogo and foscareh Insgbitutey Vellayant during 18E7.68
%6 study tho velationshlp bhetween tho mutritiona)l status of
soll and the imcidoncs of Tunchy top diséaso of banana, The
offoct of appifcation of ealoium oxide and magneoiunm oxide
in tho ratie 0f 3 5 1 at different ratos in tho soil on the
incidence of Bunchy top dlcsaco and tho Cad/Aigd ratio
vithin the plants was studied under partlally controlled
fleld conditionn,

Thisty seinforced gement concreto pings, esth
with a capaeity to hold onz Yon of soil, werc implanted 1
the axporinentel plot ab a dictones of 2.6 maters, ecnise
0 eentre olthor way, for planting the banana suckerss The
Tings wors .0 metros long with & adfus of 50 ea, aund they
vostrdetod tho spread of rootn of each plant laferally and
prevented tho ringling of tveatmont offectse

7 8o
Each pit was f1illcd vith one ton of 50ilse Bsfore
the pito wore filled in, the soil was mixed with 8 P K
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fortilivorny limo and sagmoziun carbonato, Tho monhanieal
and chonlea) esmponitions of the original soil are glven
Bolove

Hechaniedl composition of coil
{Txppoco0d oo pereentorn on ovenwdsy banls)

Coarso gond - 42435
Fine gand - 14,24
581% - 8:37
Clay - 3l.24

Chentom) eonposition of soil
{Cxprogncd qs porecntoge on ovenwiry basis)

Dtrogan - 04048
Total phosphoric acld  0.109
Potach (R50) - 0a156
Saledun oxido - (e140

Hagneniun oxide - 0,087
Hangng sugkors
The varloty 'ava?! was used as tho planting

materials Tho suckors wepe oolloctod £rom the Agriculinral
Collcpo aud Roscareh Institute, Vellayanls.

Yaglor

Bannna aphids, Ponknlonda nigtonoarvoss €oge,
reared on discacod plantso, wore evllocted mlong with plant



tincuon and reloased on heolthy oxperdnontol planto at
tho pote of 100 aphlids poyr plante

o orgonie msouro was unods Hitrogen, phosphorus
and potacsium wers ouppiicd thiourh fortildsors,

(1) Eikzocon

droondun oulrhato contadning 208 § ond ammenium
phoophats containing 167 I wore uged ot the atc of 480 M.
and 1082 gn, xocpeetivoly por plont,

(1) Fhogohopis.onid

Axondun phoophate oontaining 20”3 ¥o 05 was
appllod ab tho roto of 3038 m, por plont (nixcd with tho
5641)e

(111) Zotach

Iurioto of potash ecataining 54+55% Ko wan
usod ob the rate oF 2830 gme por plont (uizod with tho 208l).

(v) focondazy. clouonts

Blalned 2ino analysing 61,987 Cad cad mognooium
carbonato eontaining 46,904 Med wore uscd to supply caleiwn
and magneciun preopoetivolys The guantitien of sceondisry
elcaents applicd woro as por tho toatnmeat lovels.
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The ming matorials and maricte of potash
were fipcht thoroughly niwed with the soll and left over
for g fow days, Tho first ingtalnent of amonium
phosphote wao oixed with the soll only afbor enguming
thore vas oo freo 1ino and that the sol}l pfl waz aside The
#oil was thom £211cd 4n the coment eoncroto rings. %here
wors threo more appilications of amwoniuvn phonphate at
weelklly intervals,

, Ba NITHODS

1, Zav.opt

Tho cxporinant wag Lodd out in randonined bilosk
Aesipn with four Sreatmsnts aud coven veplisationgs

2o Zxpainonks

Thyoe levels of ecleiun and thyeo lovols of
nagnooium with Ca0/g0 ratio of 3 s 1 were compaveds The
troatnonks wore as follows:

1. Cal 04002 and Hgd 0,007 =~ Control

2. Cod 0w165 and !1g0 0,055

3 Ca0 06807 g 130 0,107

Ge Cal 04602 and g0 06208

Caleiun oxide ond nsgnosium oxido woro appliocd
on tho baciec of tho abovo percentage in ono ton of soll
uzod Iin oneh conercto pit,
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3. Storiiration of it

Storilization of the conaroto eylindors vas done
by ctuffing trash and dry loavos insido god borming and
thon zonoving tho ach before £1114ng,

%o Appligation of fortdlicors and socondary sutrionts

Tho cutixo quantity of mariate of potashy slaked
3imo and nagnosium earbonato wore applicd to the ocoil,
thoyoughly mixod and allowed $0 Yo ovor £or a wocks

dhio.colls

Qoo fourth of the ammoniuwn phosghabo was ther
oizod with the coll and tho plto veoro £illod, Tho renaining
quantity of emonden phosphato was applicd in three cquold
wockly 4notalmontoe 480 g, of ammoniun culphato wap
oppliod on 18«12«1007y 45 days aftor planting, Tho amonium
phoophato cad eemondwn sulphate woro applicd and mized with
tho top 00l) to a dopth of 4 inchose

Se Elautinn

Plonting was dono im ¢ho contrs of tho ring on
2«11-1967, Planting was dono in such a woy that tho rhisonmo
wag eonplotoly bolow tho coll suxfacc, Twelvo plants,
randonly soloctod vero plantod in en adjocont plot to choek
whothor tho cucliors woro originally disonco-£reas
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Gs Ixxiraticn

Yatoring wag dono thoroughly, prior ¢o planting
for compacting the coll inm tho ring, Kight irvigation
vas given delly for ono month and thercafdor thg plants
woro uatored évory altornato days with cqual quantities
of uvatery to hoop the soil omificlonily uoiots

e SREaing

ALl planto were sproyed with folidol 5,603
(0,02 por eont)at an interval of 10 doys Lron S=10+1067,
o provent any natureld Anfeotion through ophidsy This
vag contimmod %111 10 days bofore inseulation,

8, Rodeage of arhidg

A cool ond noist atoogphoro was provided by
foxdng o pandal ovor the oxpoevimontal plontsy Just ono
dny prior to the liboration of aphids. %o provido
congoalnl conditiong, tho flcor was rodsioncd a day prior
to dnoculcbion and this was continued for 5 days,
Inseulation wan done on Jl=1«1DC0 whon tho planbs wore
threo months olde Infoetivo aphilds ot tho rato of 100
por pland wore roloaced in the axils of tho top oot
leavog of 0ll tho pluntoe Zhio portion was coverod with
banana loaves o provido hundd conditiong.

Yoo aphido wore cuppliod by tho Profossor of
Flant Pathology ond relcaced on tho boranas undey
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arrangencnts nado by hins In normgl ozperinents of this
typo tho number of aphdds selcased is 20y whilc in thig
exporimont 100 aphido each were yeloaosed as speeially
roquontods

Tho pandal was roroved on Se2«1062, 5 days aftor
inocnlation and £0lidod BeG0S (0,02 per count) cprayed to
dsebtroy tho cphida,

(a) Rlank grouth
The growth charactoristien of tho plonts rocorded

ware the following:

(1) Holght of tho plants Tho holcht of the plant was
measured £ron tho baco of ths psoadosten to the
apoXe

(i1) Girth of tho plants The glrth of the plant was
noasuzed near tho hasa of tho pocudustan,.

(141) Humbor of loavos: Tho mmmber of fully oponed
Jeavog wag eounted and rocorded.

{iv) Longth and width of leaves: %ho lenpth of oach
doaf was taken £ron the prozimal o the dlotal cnd
of the lanina. The width was measured gt the
niddlo roglon of tho leaf,

(b) Diccape svonteons
Tho following symptoms woyo oboorved for the Dunchy
¢op discasos
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{4)  Prosonco of irrcpulary nodular dari greon stronko
goen nlong socondary woins of the lcaf biade, along
lcaf sbolls and along tho lower portion of tho
nidribe

(14) shortoning of loagth and width of loaf.

(221) Horxch and brittle nature of potlolo and lanina,
eorrugated naturo of mature loaves and upward rolled
marging of youns loavess

iv) 4bsonco of nowal clongation of tho podlcle causing
loavos to assume an wnusually oroct positdony thus
leading €0 tho froootte! conditions

(e) Shenleal gnalvela

Malyolo ef oouples of £0il, lcaf and ot were
dene for nitrogon, phosrhoms, potassium, calelum and
magnosien, Tho samplos wore Selcon from all the 23 planta
before and aftor tho transmigolom of viruo, Tho {ipst
osaypleo wap talon 3 dayo bofore the rolease of tho aphids
and tho sccond B0 doys aftorvardos

Giltrogen was estingted by Kicldahil mothod as
glvan by Piper (1050)s FPhoophoric acld and potash wore
dotorained by tho notuod adoptod by tho A.0sdeCe (1060)s
Vorscno (discdlwm dihydrogon othylons dianine totra-acctic
asid) mothod as plven by Jockeon (1058) was adopted to
cotinato caleiun and pagnogium,



RESULTS
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Grouth neasurenenta of all plants vore rvasordod
at weekly intoyvals fyom two montho aftor planting and
wro contimicd for four montha, Holght of plonte, pirth
of poondontom, mumbor of fully oponed loavos and length
and wldth of leaves wore rocordeds Inoculation with
infectivo aphido was dono on 31=1-1068 10, 90 doys aftor
plonting, Tho mumbor of dayn taton for the eppearance of
disonce gyoptons uns notods Somplos of seily leaf and
soot woro colleeted from 41l Sroatoonts bofore and aftor
the tronsniesion of virus and chomieally snolysed for
nitrogon, phosphoms, potassivm, calelun and nagnociune

Sxowth_chamctordeticn

Tho avorago growth measurcoents such ao hodght
and pglrth of tho planto, mumbor of fully opeonod loaves and
longth and wldth of tho loaveo obosoyved ab wockly intosvalg
ave presented im Tablos I to V, Thore was imcroascd growth
rate for all choractors €411 tho appoaranco of dlsease
syoptongs Tho plonts ceased to incroaso thodr height and
glrth after tho oceurrance of tho diseass. The longth and
uldth of nowly cmoergod leaves of the disoaged plonteo
docroaccd and lator tho leaves foiled to omorgo £ully.

Tho grouth meacurcuonts two doys bofoxe and 106
days agtor inoculation wore statiotieally analyced. Tho
oanlysls of varlance toblos ave given dn Appendicos I o Xe
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TADLE I

Avoraso gyowth beasurcmonts o veckly intorvels
Hoight of plonts 4in on,

Pate cf Trontnont Tyeatoent Treatmont Treatuont
LOQSIECOEmS i ] 3 &

e - AL - - A ey e WA

32 PSTE 132,00 130430 124,84 113,43
p G2 B a3 133,86 1724 J15,71
20158 345,72 A56G87 222400 138,14
20wl nG3 152,00 102,65 120,29 310,67

GmD2al8 155,71 174434 22343 122429
12258 155486 147,00 136,86 128,43
10=2-68 153,67 24GD.43 137D 126,14
23wRaGD 150443 150672 133,806 123,14

4n3=33 201420 183,00 130,71 23089
11-3~53 263,29 158,68 142,14 132,88
18363 204,80 155,72 143,43 13453
E5=303 153473 152,20 147,71 X3847Y

1468 1G5.24 162,73 147471, 129,34

Bela3 JG5e14 158471 147,72 132,14
15+2mB3 166,24 162472 457,74 L e 1%
ERullolE 165,14 162,71 142,74 130,14
EwliwG3 165,44 162,72 161,71 143,40

GuSu08 155,62 162,73 151,72 141,40
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TABLE IX
Avorage growth measurcconts ot wockly intorvalo
CArth of plants in en,

Dato of  Troatmomt Troatmond Treatmont Troatoont
noasurenent 1 e 3 4

SeleG3 32,20 83400 35,00 31,68
26063 40,34 38,20 35486 8088
Lowlels 43443 32,00 36657 33,71
BOwledl 43,8¢ 40429 37471 35400

Be2aC8 45,00 41.00 38,14 35,20
12«2«08 45443 41.43 38,71 055698
10w2e58 46,24 42,83 3206 8714
2G=2-63 40448 44.29 40,43 38,00

438 40,00 45,00 40,86 38,686
nGat3 40,86 45429 42,43 3920
18«3«83 40488 4586 42,00 2014
2533 60429 47,14 42,00 40,58

1~4eE3 5022 47.42 43.41 42,24

Bul=CD 50022 48,72 45000 4357
15-2G3 50,30 49,00 45,67 44,57
S2edaG3 60631 50,00 45,28 45400
Dedal3 60441 50483 47467 48014

CaSwb3 80482 82,14 49,40 47«00




TARLE IZX
Average growth moaarencnts ot weckly intormwrals

Tunbor of fully oponod loaven

Dato of  Trootoont  Troatoont Froatmont Zroatmond
megeurenont 3 2 3 4
Bwles 500 5400 3.7 388
16103 5.85 Ged2 4,13 4,38
22-1-08 Ge7i. 00 6,00 4,88
BDwl-i8 7«57 €85 Se72 5e7L
Bwla353 8,25 785 Ged2 CaG?
12263 8,72 785 714 7400
i s D42 8457 7485 8,00
G238 10,00 De57 8402 8242
4a3=53 10,42 B85 8485 8.57
13358 12,34 30,57 D414 Celd
18363 11,85 1134 10414 D57
E5ulmll 12738 1.7 10,85 10488
Tt 12,71 12,24 11.28 10,57
Betetld 1251 12,42 1,57 10.83
25ud+23 10.5? 13,4 iz.42 N67
22208 1272 13,48 12485 13,35
20mlulld 1386 24,42 1343 12,42
Guleil 442 15,00 12400 1157




TADLE

v

Atvorage growth meaourononto ot woelkly Antorvals

L L

Yongth of leaves inm oo,

ad

Dato of Freatnent Troatnont Troatoont '.i‘matnen'?
neacmonent 3 a 3 4
Quletl 122,43 110,29 105,86 03422
15=2e68 123,33 124,66 113,00 205,00
213 132,17 124425 110,00 101,40
E9wleG3 129,83 122,83 120450 10G.£5
SuZe(8 134,50 128,14 218,80 110,88
18w2«63 134,71 123.67 120485 111,23
10w2el8 132,72 122,14 137,71 112,71
ESw2mGS 131,657 133,57 118,00 114,23
Gn3aG3 120414 133,85 122,14 115,42
11383 125,28 137,71 184,57 11G.42
18358 130,14 131.28 122,42 122,24
25m3wS 123,85 133442 122,23 123400
1adei3 122.42 136,14 183,28 117.14
Bedets 185.85 130,72 122,42 11G.42
15463 203,57 112,28 04,00 102,28
28-4m33 102485 118,72 08,67 101,14
2023 2100423 115,14 100,57 105,28
GeSeln 80.95 120,00 004,00 110,57

o 2
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TASLE ¥
Average growth moasurcnonts at weekly Intorvals
Width of leaves in cms,

Dot 0f Treatmant Treatment Toeatmont ZTroatment
nsasuronont i 2 3 2

EeleG8 41,80 42,00 37,00 33485
15e1eG3 45,33 45,60 43,00 40,00
£2w1ni8 44,83 %3\.;75 38,50 36«20
20=1=63 47,00 44,83 25485 41417

5=Za63 52.50 45,71 42400 42,57
12«23 43,43 45428 A7 4..28
10=263 47.89 47,14 44,85 44,00
2Bl 47.42 49,00 ©5.00 44,24

Ge3wG3 4385 48414 45,88 44.08
L=3-58 41.23 48,23 4557 43,72
18«3<08 43.14 48,71 44414 4514
25=3=68 43,85 45,42 45,24 45485

1edwi3 43,85 434853 45,00 45.14

BedeGl 43,65 .28 4557 89467
15458 3285 34470 W42 36.23
i S 34,14 342,57 33,71 3240
w3 Ge28 3¢.85 20,58 30427

GmGul3 29,00 85443 457 3524
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Thore was sipnificant difforonco botwocn tho
treatnents boforo tho tronsoicslon of tho virus chowing
that grouth sato was not wmiforn for all tyoatzento.
Aftor tho transisosion of $he virus thove was oo
otondficant difforonco in growth characters botweon tha
troatnento.

Appearonce of qigeaco ovmntong

Pho pmbor of daya talen fop tho appeavaneo of
cyomptons in tho disocasod plauts unior variouns troatments
are given in Tablo VIe Tho saalysis of vazdaneo 15 given
in Appendiz XX, There vas oigniflcant differenco botwoen
tho troatmonto,

It can Do coon £ron Tablo VIy thot tho control
p2ants contractod the diccaso onrlioy thon tho trooted
Plontss Tho mumbor of doyo tazon for infoction varlcd
fron 30 to 42 for control ond 32 to 75 for tronted planto.

- 8000 plonto in twontments Z, 3 and 4 havo withstood
infoction for 250 doys aftor planting, that ig, t411 the
oend of tho oxXporicontal obsesvntions. It 1o oxpoctod
thase will givo normal tumchos. Tho mimboy of pionts
nfoctod 4n tho trentoents 1y 2y 8 and 4 wore covony £ivo,
oix cnd four rocpectivoly, Troatmont 4 hod only four

ingoctod plants ous of soven imoeuloted; followed by '
troatoomts 2, O and 1. Tho planto undor tzoatnonbs
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TABLE VI
Thmbor of dayc token for the appearanco of dlccaso
cymptons aftor tho soloane of aphids.

Bloekg Taeag.w:b Tmagnant i‘mngnant 'Imagmcnt

Z 30 42 43 &3
IX 32 e &84 &8
1z 54 a8 42 u
iy 34 i1 22 it
v 42 4 b4 54
v 85 63 68 n
Vi 34 43 78 £3

i = Hoolthy plants,

<h
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Tho moon phosphoris contont of loaf sanples bofore the
srantonion of vimugs is farmdched in Tablo XIX.

Thoro vag no sipgnificant difforcnec in tho upboke
of puogphorus in tho caleiun ozldo and nagnooiun oxide txoated
plonts ovor tho controls Tho naxinun contont of 0.401 porecnt
phosphiorle acld was scen in Groatoont 4.

TaBLE XX
llcan phosphoric acld (P203) content of leaf sanples bofore
tho trascnicsion of vimge
(Cxprocsed as porcentags on oven dry basis)

Tyootment 1 Trootuont 2 Troatmont @ Troatwont 4

0,400 00377 0,220 04461 .

Tho gbatiotionl onalysis of tho datn on tho uptake
of phospiioras aftor the incidongo of tho divcaso chouwed that
tho absorption of phoophorus wag not sigaificant botwoon tho
trogtmonts, The maziman absorption wac found for troatmont 4,
The analysic of vaslaveo and the mean upteko of phoophorus
after tho incidenes of tho disocaso ove furalshed 4n Appendix XV
and in Yoble XIII,
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TADLD XEXX
Mcan phosphioric acdd (Po0z) contont of leef seupleg after
tho fncldonco of tho dicontce
(Gxpreosced as porccatago on oven dry basic)

Troatzont L Treatmont 8 Treatment 3 Tyeatnent 4

022 0,302 0414 04472

Tho analysis of varianco for tho uptakoe of
potasoiun beforo tho tranaoission of virus 4s prosonted in
Appendiz WIXa It wao scon that tho variations botwecon tho
caleiun oxide and magrosiun oxide txcated ond tho contyol
plants woro statisticaily not oipnificante

The noan uptoko of potassium beforo tho trunge
cdgoton of viruo 4o shown in ¥able XIV. azimmm obsorption
of 4,70C% potach was in control plant, while plants
recolving the highost icovels of calolum oxide and nagnesium
oxide had tho minimm contcat of 4,0997.
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FABLD XV
tloan potash contont of leaf aanples baforo tho transdscion
of vizag

{Exprossod as porcentage on oven dry baois)

Troatoont 1 Twmoatunent 2 Trootocnt 3 Trentuont 4

4,708 44180 44237 44090

(1) Polngoiu

Tho data on tho absorption of potassiun aftor
the ineidenes of tho discaso woro analysed atatictleally
ond tho annlysic of varlonco 1o givon in Lppondiz SWile
Thoro uas no signiflcant difforenco in tho upiako of
rotascivm 4n the calciunm oxide and nagneolura oxzido troated
plaats over thoe contzol,

The neen updako of potassiun afior tho ineldonco
of tho discass &s pgiven im Tablo XVe 2rvatnent 2 showved
%he noxizin absorption of 4,7967, vhilo tho plont rocolving
highoest lovalo of calefun oxide and magmoosinm oxldo 10
trontoont 4 ohiowd 445170, Tho contsol plionts showed tho
lowoot valuo of 4,4477.

Zhe applieation of exlcium oxide and magnosiun
oxide in incroasing Qosos roduced tho absorption of
potassiw in all troctmonss,



® 70 -

TAGLE XV
Hoan potash contont of icaf gamples affor tho imcidonce
of the vimo
{Czprossed as poreentage on oven dry basis)

Troatment 1 Trcatment 2 Txcatmont 8 Treatnmont 4

4047 44708 4,558 4,617

(4) galotun
1)

Tho data on the uptake of calsium doforo tho
tranonisaion of virug werc analysod ctaticticplly. The
analysio of varicnec given im Appondix XVIII chowvs that
the difforonco in tho uptako of eanlcium by tho ealcium
oxido and magoosium oxido trontod planto ovor contrel was
slgnificant.

Zho nmcan uptaie of calcium by tho various
troatnonts bafore tho transalsoion of viruo 1o given in
Tablo XVI, Tko application of eclcium oxido and magnocium
oxido in inereasing dosos 4ncroaced tho absorption of
ealceiun. In coatrol tho calelum uptake was the lowests
Tho paxlmin porecntago of ealciun ic. 0.646 was in
troatnont 4,
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RABLE VI

Moan galelus oxide contont of 1lcaf gsmplos tofore the
trancnisgion of vimo

{Exproosod oo pexecntago on over dry baois)

Troatmont 1 Troatoont 2 Toatoent 3 Troatmont 4

04500 0.854 0,633 0,645

Critdonl differcneo at §3 lovel 1 0,084

Tho otatistleal analyeis of tho daba of
ealelun uptaho aftor tho incidonce of tho discase indlcated
that all tho caleiun oxido and magnssiun osido troated
planto had significontly hipghor eniefunm content thon tho
econtrol plantoe Tho anmlyois of varlanse is ohowm 4n
Appendiz XXX,

ho noan wpbcko of caleiun 4s glven 4n
Table XWIX, Troatuoont 4 had tho maximum contont of 045253
of ealelun, Tho lowost ealeiun porcentape of 0,466 wag
for contml,
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TATLE XVIL

Moan ealcdun oxlde comtont of lcaf sanplog afior the
incidonco of the disoaso

{Cxpronsod as porcontage on oven dxy basis)

Troatnont L Troatoont 2 Troatucnt 3 Troatnont 4

04268 0,426 0,671 0,598

Critical aifforonge at 57 lovol s 0,025

(e) Momooium
(1) Mameglun gtatus bofore the tirangmdsclon.of virun

Tho data of magnoociun uptalo boforo the
tranemiooion of tho virus woso analysed gtatiptieclly and
tho analysis of varianco 4o givon in Appendixz XX. %She
difforonce in the uptako of magnooiu botwoca the twoataonts
was significants

Tho mean uptalo of ragnoeiun by tho varlcus
treatacnts bofore tho tranomission of virus 4o shown 4n
Tablo XV1II. Tho application of colefun oxide and
Oagnosiun oxido in inercasing dooop ineronced tho absorption
of nagnesciull,
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TABLL XVIIX
Mean magnosiun oxide contont of loaf sauplos bofore the
trancdacion of vimup
{Dxprossod ap porcontage on oven dry baoio)

Troatoont 1 Troatmont 2 Troatoont 3 Troatment 4

0405 0,430 04408 0s563

Critical @ifforonco ot 53 lovel : 0,105

(24) Moeme

SR

Tho statistical mmalynis of tho data on tho
uptako of magmesiwa after the incidenco of tho diseaso
indieated significant differonco botwoen brooted nnd
untreated plants, Tho analysic of voriamee 4o given 1n
Appendix XXX,

The moan uptoke of magnoolun fo furaished 4n
Tablo XIXe Tho maxzimm contont of 045763 11¢) was in
tzoatnent 4 and tho lowost of 043867 4n 4tho controle
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Tho mean phosphoran contont of loaf sonplos bofore the
srangtaonion of vimus 1c furniched in Tablo XIX.

Thoro wvas no sipgnificant difforence in tho upbaks
of phogphoras in tho ealeiun ozxldo and nagnosiun oxide txcated
plants over tho condrols Tho naxioun contont of 0.4C1 porecnt
rhosphorle acld was scen in Sroatoont 4.

TaBLE XX
llcan phosphorlie acld (Pa0g) contont of leaf sanples bufore
tho tpaacnicaton of virue
(Cxprocsed as poveontags on oven dry basis)

Tyoatment 1 Trootuont 2 Tsoatment 3 Troatmont 4

0,400 0377 04420 044061 .

Tho gbatiotiond onalysis of tho dato on the uptate
of phosphors aftor the incidonco of tho ditcaso chowed that
tho absorption of phoophorus wag not significant botwoon tho
trogtmonto, Tho mazimn absorption wac found for troatmont 4,
The analysic Of varlaneo and the mean upteko of phoophoras
aftor tho incideneo of tho disocaso ove fMaralshed 4n Appendtx XV
angd in Yoble XIII,
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TADLD XEXX
Mcan phosphioric acdd (Po0z) contont of leef seupleg after
tho fncldonco of tho dicontce
(Gxpreosced as porccatago on oven dry basic)

Troatzont L Treatmont 8 Treatment 3 Tyeatnent 4

022 0,302 0414 04472

Tho analysis of varianco for tho uptakoe of
potasoiun beforo tho tranaoission of virus 4s prosonted in
Appendiz WIXa It wao scon that tho variations botwecon tho
calefun oxide and magrosiun oxide tacated and tho contyol
plants woro statisticaily not oipnificante

The noan uptoko of potassium beforo tho trunge
cdgoton of viruo 4o shown in ¥able XIV. azimmm obsorption
of 4,70C% potach was in control plant, while plants
recolving the highost icovels of calolua oxide and nagnesium
oxide had tho minimm contcat of 4,0997.
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FABLD XV
tloan potash contont of leaf aanples baforo tho transdscion
of vizag

{Exprossod as porcentage on oven dry baois)

Troatoont 1 Twmoatunent 2 Trootocnt 3 Trentuont 4

4,708 44180 44237 44090

(1) Polngoiu

Tho data on tho absorption of potassiun aftor
the ineidenes of tho discaso woro analysed atatictleally
ond tho annlysic of varlonco 1o givon in Lppondiz SWile
Thoro uas no signiflcant difforenco in tho upiako of
rotascivm 4n the calciunm oxide and nagneolura oxzido troated
plaats over thoe contzol,

The neen updako of potassiun afior tho ineldonco
of tho discass &s pgiven im Tablo XVe 2rvatnent 2 showved
%he noxizin absorption of 4,7967, vhilo tho plont rocolving
highoest lovalo of calefun oxide and magmoosinm oxldo 10
trontoont 4 ohiowd 445170, Tho contsol plionts showed tho
lowoot valuo of 4,4477.

Zhe applieation of exlcium oxide and magnosiun
oxide in incroasing Qosos roduced tho absorption of
potassiw in all troctmonss,
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TAGLE XV
Hoan potash contont of icaf gamples affor tho incidonce
of the vimo
{Czprossed as poreentage on oven dry basis)

Troatment 1 Trcatment 2 Txcatmont 8 Treatnmont 4

4047 44708 4,558 4,617

(4) galotun
1)

Tho data on the uptake of calsium doforo tho
tranonisaion of virug werc analysod ctaticticplly. The
analysio of varicnec given im Appondix XVIII chowvs that
the difforonco in tho uptako of eanlcium by tho ealcium
oxido and magoosium oxido trontod planto ovor contrel was
slgnificant.

Zho nmcan uptaie of calcium by tho various
troatnonts bafore tho transalsoion of viruo 1o given in
Tablo XVI, Tho application of eolcium oxido and magnocium
oxido in inereasing dosos 4ncroaced tho aksorption of
ealceiun. In coatrol tho calelum uptake was the lowests
Tho paxlmin porecntago of ealciun ic. 0.646 was in
troatnont 4,
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RNBLE W1

Moan caleiun oxido esatcnt of leaf smuplos bofore tho
$rancnisglon of vimo

{Exprossod os porecontage on oven &ry basis)

Troatmont 1 Troatoont 2 Troatoent 3 Txoatoont 4

04500 0.5854 0,633 06408

Criticnl differcnco at 53 lovcd 1 0,088

Tho statistleal analyels of tho data of
ealelun uptaho aftor tho incidonce of tho discase indlcated
that a1l tho caleiun oxido and nagnosiun oxido 4roated
planto had sipgnificontly hipgher eniefunm content thon tho
ecatrol plantoe Tho analyois of varlanso is shicwm An
Appondliz XXX,

$ho moon wptako of calelim 4s given An
Table XVIX, Troatnont 4 had the maximm contont of 045283
of ealelun, Tho lowont ealeiun porcontape of 0,466 wans
for control,
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TATLE XVIL

Moan ealeiun oxldo comtont of loaf sanplos afior the
incidonco of the discaso

{Cxpronsod as porcontage on oven dxy basis)

Troatnont L Troatoont 2  Troatucnt 3 Troatnont 4

04268 0,426 0,671 0,598

Critical aifforonge at §) lovol s 0,025

(e) Momooium
(1) Mameglun gtatus bofore the tirangmdsclon.of virun

Tho data of magnoociun uptalo boforo the
tranemicoion of tho virus wose analysed statipticclly and
tho analysis of varianco 4o givon in Appondix XX. %She
difforonce in the uptako of magnooiu botwoca the twoataonts
was significants

Tho mean uptalo 0f nagnoeiun by tho varlcus
treatacnts bofore tho tranomission of virus 4o shown 4n
Tablo XV1II. Tho application of colefun oxide and
Oagnosiun oxido in insrcasing dooop ineronced tho absorption
of nagnesciull,
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TABLL XVIIX
Mean magneolun oxide contont of loaf semplos bofore the
trancdacion of vimup
{oxprossed ap porcontage on oven dry baoio)

Trogtoont 1 Troatmont 2 Troatoont 3 Troatment 4

0405 0,430 04408 0s563

Critical @ifforonco ot 53 lovel : 0,105

(24) Moeme

SR

Tho statistical mmalynis of tho data on tho
uptako of magmesima after the incidenco of tho diseaso
indieated significant differonco botwoen brooted nnd
untreated plants, Tho analysic of voriamee io given 1n
Appendix XXX,

The moan uptoke of magnoolun fo furaished 4n
Tablo XIXe Tho maximm contont of 0,5763 11¢) was in
tzoatoont 4 and tho lowost of 043867 4n tho eontrol,
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TABLE XIX

Hean magnosiun oxldo contont of loaf sauplos after tho
incldence of the digecasc

Troatmont T Treatoont 8  Treatmont 8 Troctmont 4

0386 0,468 0s243 06570

Critieal difforeneo ab 67 lovel s 0,134

{t) galefun oxido/mgerociun oxide ratlo
(1) Tho ratio bofaxe ho transmiscion of vimug

Tho analysis of varianeo tablo ig furniched
in Appondiz XXII and 4% shoued mo oignificant @ifforonco
botwoon tho troatuenta, Tho highoot ratio of 1,446 was
obtainod in tho control and thoxo 1o a gradual aee:'eacp
of tho ratio in tho ealetun ozxldo ang magnosivum oxido
troated plants, Tho lovost ratlio of 1,102 wno in
troatoont 4 Tabdlo XX prescents tho moan Cad/iigd ratio in
tho loaf boforo tho tranemission of vims,
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QADLE XX
Hean CaOAIg0 ratio of leaf samplos bhoforo ths troncisoicn
of virus

Troatoont X Troatment 8 Treataont 3 Troatuent 4

1,448 24357 1,061 14103

(11) Zho zatio aftor tho incidenco of ko digeage

fppondix XXAIT gdvos tho saalysis of vaviance
and Tablo XXI prooeats tho moon Ca0Aled xotioc in tho loafl
aftor tho ingldence of the disoases Tho difforonco bodtuoen
tho troatncnts 40 not oignifieant. The highact ratio of
20337 was 4in contiol,

TADLE XX

lloon CoOAIE0 ratio lcaf saplos afbor tho dneddoneo of tha
tho dlscace

’

Troatoent 1 Tooatnont 8 Troatoent & Tyoatmont 4

2.337 1,109 .27 14102




Tho analysis of variagnee is givon in Appendlx
X1V, Thoro was sipgnificant differoneo botirocn the
treatnentso,

Tho mean voluo 46 furniched in Tablo XAIX,
Thero 10 a gradual dncrcaco in tho ratio by tho application
of ealciun oxido and magresiun oxido to the soil. Although
tho Cal1Mp0d ratic in tho soil was naintainod ab 331 of
addod ealceiun and magnosiuny tho absoluto quantitios of
Cal and Mgd secn 4o havo an effoet in consing a gradually
asconding ratio of Cad#Ig0/K-D in tho leavon, The lowost
value ©f 0,100 wap in treatment 1 and 06309 vas tho
highost valuo for Syoatnont 4,

TABLL XEIX

Heon Cal + UgO/Kp0 ratio of loaf samples before the
trancaigssion of vimus

Prontmont 1 Treatnont 2 Troatmont 3 Troatnont 4

0,209 0234 0853 Qe300

- -

Critienl Aaifforcnco at 53 lovel : 0,049
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(11) Ihe ratic afior the dneidence Of tho dlgoage

Appendix XW glvos the anglysis of varlance
and Tablo XXIIZ pregonts tho mean valuo of a0 + Hg0/E=0
ratlo. Thers is no sippificont difforconce batuoen theo

troatnonbce

In this caose also thoro is a gradual inerease
in the ratio by tho applicatiocn of ealelun oxido and
nagnosiun ozldes The maxlmun valuo of 04271 was for
troatmont 4 followed by treatment 8. Tho Lowost valuvo of
0.124 was for tho control,

TARLE XXIIX

Hean Cal + Mg0/Ks0 ratic of lea€ pamples aftor the incidencs
of tho disoace

Troatoont 1 Troatoent 8  Troatnent 8 Troatmont 4

0,152 00205 04221 0,271

imExiont gontonk of 200t oxwlian

(a) littrorcn
(1) Hitsoren ghotug boforo the trancnisodon of vima
The dota on tho nitrogen content of oot samples

aro givon in Table XXiVe Tho analysis of varlance 1o
prosentod in Appondiz XiWI. Thers 45 no significont
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varlation batween tho troatoontos

Treataont 4 had the hichost conteont of nitropen
in 1oots followed by txcatoont 2, Treatment 3 and controdl
shoved tho lowont perecnbagoce

TANLG XXI¥V
Hean ndtyogen cantont of reot samples boforo the trancuission
of vixp

(Bzprasced ag poreontage oz oven dry basin)

Trontoont 1 Treatnont 8 Troatment @ Troatnont 4

1.697 2,004 14858 2,012

Tho data wors subloctod to otutistical analysis
and the arglysis of varianee is givon in Appondix XVII. The
difference in the nityogon contont of roob aaaplés aftor the
ircidcneo of tho ddsense in the caloium oxids and mézzesium
ozido treated plantp over eontrol vas not significant,

Tho moan pitrogen content in tho zoot samplos
aftor tho inecidoneo of tho dipeasoe 1o given in Tablo XXV,

Troatnent 2 chowod the highost velue of 14930
folicued by troatmont 1 (contsol)s Troationt 4 hnd tha
Jowost valuo of 1,745,
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Tho data on tho phosphosus siatus aftor the

incidcnen of tho dicoaro woro analyccd statisticallye
Tha enalysio of varionco given in Appondlx XXIX chows
that tho difforenco in the uptoko of phosphorus by the
‘ calelun oxido and magnociun oxldo troated plants ovor
control was not nignificant,

Tho mean uptako of phocphorus by tho varicus
troatucnts aftor tho incidoneo of the diseasn is given
in Table XXVIX,

2A8LE XXVIX

Hean phosphoric acid (paos) content of root samplos aftor
tho incidenco of tho diceaso.

(txprocced as porcontage on oven dry basis)

Troatzont L Treatmont 2 Trogtment 3 Treatuont 4

0216 0,218 0,219 0,213

The data on tho potach contont of mvots
bofore tho trancoiscion of viras wero analysed statisticallys
Tho analyeis of varlonce table 1o given Appondix XK. Tho
Aiffevonco in the potash content betweeon tho troatmentswas

significante
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Tho mean uptako of potach contont bofore tho
transmiselon of virus iv furnlchod in Tablo XWIIX,.

The maximm potash contont was nmotiecd in
treatnent 4 followcd by troatmonto 3 and 8, Tho lowost
vas 4n control,

1t was evidont that tho uptaoko of potash
coptent bofore tho tranmigsion of vims 4s increaced
with inerocase in levels of culciun oxide and mognosivm
oxido application,

TADLE XNVIIT

Mean potach contont of root samplos bofoxe the trancmisclion
of viras

{Exproosed as porcentage on oven dry baoils)

Treatmont 1 Treatment 2 Troatmont 3 Txcatmont 4

4,704 Ge364 G740 Se211

Critical differenco at 53 lovol s 1,271

{42) Rotaostun stotus aghor tho dneldoves of tho dicpasn

The analysis of varlanco for tho potash contcenb
of oot gampice aftor tho Aneidenco of the dicoase is
egivon in Appendix XX Thore 4s significoant variation
in the contont of potash duo to treoatment cffocts.
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The moan potash content afier the inecidoneo of
tho diccaso 1o given 4m Soble XXIX. Tho potach eontont
of toots 45 4ncronscd vith inmercase An lovolo of calcium
oxldo ard magnosivw oxides

Sho nadirun contont of potach 4o in treatoont
4 Lo, 7.2227 folloted by troatment 3 and 8, Tho lowess
valuo of 2,8507 4s in controle
‘ TALE RXIX
Meoan pofasch contont of roob somplos afSor tho ineidones
©f tho discaco
(Bzpreosed as porcontoge on oven dry banio)

Proatrncnt 1 Yyogtment 3 Troatnont 8 Treatmont 4

4,089 Ce35 G083 7223

Critienl difforense at 535 lovel s 1.357

The data on tho uptake of coleivm oxldo boforo
the trononiscicn of vimio woro analysed shatictienlly,
Tho anaiysis of varianeo is given in Appondiz XXXITIe IS
chown that the difforonco im the uptalto of colelnn
boticen the tivatmonts Lo not significont,
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Tho noon upbalzo of eanlciun by tho varicus
troatnonts boforo tho transmission of virus is Surnishod
in Tablo XXX, %Tho ealedux contont of xoobs chowed a
tendoney €0 inercasgo with Imercase in lovolo of calelm
oxldo oand nognoociun oxzldo. Tho eontrol plomts chowed
the Jowont ecledun content of 0.013%. Tho highost
content of calciun wao in troatooent 4 and tho perecatapo
of colelw oxido was 14351

TADLE ZXX

tican ealedun oxido coatont of root gomplos bofore the
traneniacion of virus

(Cxzprosced ag poreontaso on ovon Ay basis)

Trontnont 1 Treadtmont 2 Troatoont 3 Troatnont 4

0,923 1,101 1,247 1,381

(21) cadeiun atatmg aftop tho Ancidonge of She digcaca

Tho analysis of vorianco 15 Sarniched da
Appondix TXXIIT, Thore 19 no signdficant Alfforonce
betvwoca the treatnents,

Zho moon Cof contont of roots is fumichod
in Tablo XAXI, The plants pocoiving tho highost lovols
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of calciun ozido and magnooiun ozide showed tho maxirmm
pexrcontago of 048438 of Cad, Tho lowent was for tho
txoatnont S.

Thore 48 a doeyoaco in tho Oad comtent of the
Toots aftor tho ineidonce of ¢ho d100aste

PADLD XEXT

Mean caleimn ozido contont of rwot pamples aftor tho
inocidoneo of tho discase
(Exprossod as porcontoge on oven 4ry basio)

Troatoont 1 Treatment 2 Troatoont 3 Troatuont 4

0,732 0,772 0,713 00843

Tho gtatistical analysis of the data on the
uptake of magnosiun oxide boforo the transrdcsion of vims
indlcated elgnificont difforonce bobweon 4ycated and
untreated plantss Tho onolysis of variance 49 glven in
Avpondix XXV,

Tho noan uptake of vagnesiun oxids 1o given in
Tablo XAKIZ, Tho mognocium oxido content of yoots
inoroased with increcace 1n lovols of caleium oxide and
magnooivm oxido. Tho nazimm Mg0 contont of 1.251% was
in troatuomt 4 and tho louwost of 0,810% vas in control,
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LD XAXTL

lloan nagnesiun oxlde eontent of Mot saaplos bofore the
transmiosion of vimg

{Brprogoed an porecntage on oven dry basio)

Trootoent 1 Tacatuont 8 Troatment 8 Trcatmont 4

0,010 0060 1.113 1,261

Oritical difforoneo at §3 lavol s 0,172

The gaalynis of varionce furnished in Appendiz
RNV choved significant difforonce beotucon the tpoatoonto,

Tho moan uptako of magnesiun oxldo aftor the
incldones of tho disceso 1o given in Tablo XNIIT. %ho
oazimm upbeke was in treatnent 4 and tho lowost was in
sroataont 3e

Thoro was o mazted dooroase in tho nagnooium
oxlds contont afior tho imeidonce of tho Adceaso in all
tho treatoonto,
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TABLE XXXIIY
Hoan nagnosiun ozido contont of xoot samplos albor tho
dncidence of tho discase
(Cxproosed oo porecntage on ovon dsy baois)

Troatment 1 Treatmont 2 Treotnont 8 Treatoont 4

0.600 052 0,659 0.830

Critical difforonce at 5% lovol s 0.202

(£) Cadsdum oxife/macncsivn oxlde xatio
(1) The xatio beforo tho tranowdsoion of viug

FThe anglycis of varionce tablo 4o furnished in
Appendix OGWI and thoro 18 no oignificant dlfforence
botwoen tho troatuonts. 7Tablo XXV pregsento the mean

Ca0/i1g0 valuose

TADLE XKV

Yoan Ca0/¥pd ratlo of xoot oauplos beforo the trancmission
of virua

Troatoent 1 Trcatment 2 Trcatment 3 Troatoont 4

1,073 2.244 1,183 1,138
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(14) Zho ratdoe agbor tho Angidomen of tho dioense

Appenddn XXXWIT givos the annlycis of varaneo
and Tablo XNV prosonts the ooan Cad/!gd ratio in tho
wots aftor tho ineidonee of tho dloenscs Thore 4s o
olgnificant difforonce botwsen the teoatnontcs

TATLE XOF

Nean Ca0Alg0d ratlo of root sanples aftor tho ineidenco
of tho diococaro

Trootnent 1 Treatment 2 Troatoont 3 Srogtmont 4

1,315 1,556 1.962 04235

Tho analysis of varianco 1a givon im Appondix

XVIIX ond thore 1o no significont difforongo betweon
tho trentments, Tho noan valuog are proconted in
Tablo XL -

FADLE  XXVI

Hean Caf + 11g0/K30 ratio of w00t sauples boforo the transe
odsoion of vixus

Troatmont 1 Troatuont 2 Troatmont 3 Troatmont 4

0.32¢ 04332 04389 0.3%4
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Appondliz NDOAX gives the analyslis of variance
and thoze 4o o cigniflcant difforomeo dotween the
treatmontos Tho poon valuns are prescnted in Table
XRAVIL,.

TABLD XA{EVII

tican Cad + IL0/Z00 »atio of root samples aftor tho tncidence
of tho diosase

Teoatnond 1 Proatnont 2 Treatoont 3 Troatnont 4

-

06374 0,210 0202 0.229




DISCUSSION



DISCUIBION

Tho {nvostigations on the nutritionsl status
of =0il9 ond tho incidoneo of the Bunchy top discass of
baaona wore starked ab tho Agrlicaltural College and
Loscarch Institute, Vollayand as & contimying programne
of vosearch from 1962, Successivo postgraduate students
ware put on to this rosearch, t work out of differcnt
aspeeto of tho problems Tho carlier investigations on
the subjoct by Danbiay and Mair (1068) had rovoaled that

— s colls of infocted rogloms wore moro ecidde, highor
in orponde pattor, highor in nitrogon and avallable
pliosphorus, but lowor ir totol potassinn and caloium and
very low in mognosium, Tho appliecation of limo 4in
conbination vith I P K had 21t4do effoct on ¢ho incidenco
of tho diseaso as moasurcd by tho dolay 4n infocticn,
wviadlo magnosiun alonoe or in combibation with ealefum was
found to ezort an appreciadble in€iuence on tho ineidonce
of tho disoasoy by delaying the appearanco of gympiomse
farthor studdes by Hoir and Pillal (1966) hod indieated
that loaf samplog £rom infected plants had a highor
conecntration of nitvogen, potasciun and phbsphoma thean
ia those from healthy ones, No such relaticanhip existed
in the ecaso of caleium and magnosium, which indicated a
difforcnt rolo pluyed by thoss cleuents as comparod o0
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nitzogony phosphorus and potagsiume Tho plants which
dolayed tho infoction had a Wiphor coatent of calcium and
magnesiun ao conparod o plands which contracted the
digeace carlfors It was also moted that tho ecielum
oxido/mognosiun oxide yatios in tho leaves had a dseisive
influcnco 4n dolaying the ineildenco of tho diceases A
ecaleiun onido/magnooiun oxdde ratio of 3.6 oy a calciun
oxide pius magnesiur oside/potassium oxide ratio of moap
about 1«00 in tho leavos was scen 4o be eritical in yespoct
of dolaying tho syoptons of the Dunchy top discases Calcium
or nagnesiun olone did not have any gignificant infinenceo
in dolaying tho ineldeneo of tho disecasos Subsequont
studios by lindr and Goorge (19G5) revealed that the

Ca0/iigDd ratlo in tho loavesn was not the critieal factor
Lub 4% was tho Cad + HO/KD Tatio which had an effoct in
delaying tho incidenec of tho discaso. Aliatomieal studlos
by Hody, Sreemivacan and Sreckunmarl Amna (29G6) had
rovealed that in tho cuse of diseased plants growing on
coils with Cad/c0 Tatio of 3,0 the parcnchyna, xylenm and
phlocn eolls of tho lcaf sheath had dimongions approaching
that of healthy plants, Cell degeneration and disorganication
woro coen gregtly rotarnded in plants growing on soils with
a Ca0Aigd Tatio 0f 840, It was considercd possible that a
dofinito Ca0/llg0 ratio in tho plant tissue, rather than in
thoe mutriont nedium, 40 what would contrilute towards
roosistance to ecliular changes consequent on virup infoction,
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Tho progent studies were aimed at olucidating
tho poosibliity of controlling the Ca0/Mg0 ryatios or the
Cap + 1g0/Kad mtios dn the leaveo by rogulating tho
contents of calciuwn, magiosiun and potassium in the solls
and obsorving tho offect on tho incidenco of Aufoetion by
tho Bunchy top vimwn, Tho effcet of difforent total
quantities of caleiun and nagnesium in tho mtrient mofium,
g with the samo Cad/ie0 ratio, on tho absorption of
calcfun, magnosiun and potassium by ¢ho plants was also
studieds Root tissue otudics wore elso made 4n tho
prosent invootipgations whieh hed not bean soriously
conducted oarilors Sinco the provious woris hod shown that
calciun, potasoium and nmagrosium in the plant tiozno had an
aypreciagble influcnee in dolsying infection and inparting
Tesiotonse to tho plants, it was also comsidored desirable
to incroaso tho ¢oncentration of tho virus and noto ito
effocts A2 agoinot the usual mmbdor of 20-23 aphids
relensed on heaithy plants, 100 apnids por plant were
voleased in tho prosent dnvostigations, The vasloty of
banena used was *Javat, vhich ie bolleved to be comewhat
naturally resistant to Bunchy top infection, the idoa hoing
o gtudy whether undor calelumenagnesium troatments, the
natural ocistance of tho vardety cculd be painiained covon
with vastly incregsed virus concentrations
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Tho proscat studlos have ghovn thot there was
inercased grouih zato for all charactors of tho plauts
211 tho appoarance 02 Aisoate symptomgs The planto
coased to ineroase tholy holght and girth aftor tho
occcurronce of tho disoaces It was noticod that tho eontrol
plants contractod tho dlseass oarlior then in el2 other
tsoataontos It wac dloo moted that 4n some casos a delsy
of 756 dayo agtor incemlation had occurred boforc thoe
appoarance of tho oymptonsy vhile 4n cortein othor casos
the planto kad withotood infoction for moro then BSO doys
aftor plonting (ao tho observations elogscd op the 250th
doy)e Furthor dato on thoso planto havo nob been rocordoeds
Howcvor, 4% 40 3lkoly that thoco plonts vAll havoe thedr
fuli fe cyelo eonplsted vithout ineidonce of Bunchy Sope
A notablo cboorvation frem the prosont oxporiment 1o that
tho denghtor suckors in two calé!.um-ma@oaium troatmonte
hod Do primavy infoction, although tho mothop plants
wore fMlly infoctod. Tho daupghtor suekor in thoe control
ozpoRinent had primary infoction (sco pho¥ograpno)s It
would thug appear thot a suffiefoney of esclciun and
napgnecivwn 4n tho soil could eomplotoly provent tho occurrones
of primayy infoction in cuckors of discascd planto, This
is on aspect vhich zequlires fullor and mors conploto
favestigation, It may bo rolovent dn this context 4o
noto that oimflar obsorvotions had boon rocorded fyom
fictralia as oaxly as 1083, Wt ecould not do confimed by
aay othor workors on tho Bunchy 4op distase of bananad.
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On the aboorption of mutricnts fron tho soil,
tho procont otuddeos had indleated that thoro 1o a marked
decroano §u tho uptaio of nitrogon by tho plants with
increaning cololun and mognoofywn in tho soil, Troatnmoent 4
1u tho prosont studies vhick hod the highoat contont of
enleiun and tagnosiun in tha g0l had tho lowost
absorption of nlirogen, It 40 alco intorogting to noto
that ecagsco of lowent imcldonco of the diseare oy the
longoot dolays chooxved bofore infecticn, wero in the case
of plants whlch hod the lowost nifrogen in tho tissue, 1S
is thoyefore posoiblo that ealefun and nagnosium nay have,
bocides a dlreot ode in tho plant tissuey an indircet
offeot olso 4n tho control of tho diccass thiough thely
influcnec on tho abgosption of othor matyicnt olozeonts,
Thore was no signdfleont difforonce in tissuc phocphorus
botuocn control end troated plonta, In tho case of pobash,
calelun and Dagnosiun had a pooitive offost axsely that of
Ineronsing absorption by the pland tissuop after inctdonco
of tho dlsocases Tho quentity of potach obsorved in tho
tloouo of heolthy planto was alwnys kichor than thoso in
infoctod plants, indicating tho deeisivo 1oic of thio
clecont in tho contxol o, dolaying tho infoetion by tho
Cunchy top vimse Tho abosorpticn of caleiunm ond magmoasivm
ty the plants was aloo ddroetly correlatod ¢o tho soil
esntonts of ealeiun and mapgnecium,
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The matrliont contents of tho tilosueo, houwover,
followod an orratic course in tho cagse of tho treatments,
This indicates that howover much ono attormpts o contycl
504 ratios of mitricnts, the process of sbsoxption
follows o certaln course which cannot be prodicted with
procloion. While the uptolio of nitrogen was vory doeioivoly
influcnced by the proscnce of calefun and magnosium,
phogphomus was not, In tho caso of potach, mardmun
abscorption by tho plent was moticed in the abooneo of
caleiun and magresive before the tranomission of vius.
Plants recelving highcst lovel of calciun and magnopium had

“tho lowegt contont of potash, slthoughy after tho incidenco

of the diceaso, tho lowost valuo wao observed im tho ease
of eontyol plantse In tho caso of celeiun and mognoslun,
tho absoypticn by the plant wms Glyeetly rolated ¢o thoirp
concentration in the ocoll, The coleium oxide/magnesiun
oxlde ratlo in tho leaf in the various trzatmonts chowvod
no signdficant qiffercnee bofore the tranomission of vimus,
Zhic ratio was also mot significantly difforent, aftor the
incldenes of tho diseaso. In tho easo of caleium oxide +
nagnesium oxide/potassiwe oxide ratio, thore vas cignificant
difforonce Botwcen tho treaftments befere tho inecldonce of
the digeases This ratlo grodualily increcascd doponding on
the conccntration of caleiuvw and magnosium in the solle
Although the Cad/Mpd ratio 4in the poil was maintained at
311, the nbsolute guantity of CR0/Med had an offcct in
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causing a highor ratio of Cad + Mg0/Xp0 4n the loaves.

The lowost valuo vas noticed in tho case of control and the
highest value in tho caso of troatnont 4 which had the
maximan concontration of caledun oxlde and magnosivm oxido
in the ratio 831 in tho soils It 1o sigaificant to note
in this coxmection that tho longest dolay 4au the dncidones
of tho dicoase was noticed in tho caco of plents with the
higheot Cad + ¥g0/Ko0 ratloe Tho prosont studles would
thoreforo indicate that tho Cad + Mgd/E.0 ratfo in tho
plant tissue ig related to the rosistoncs of tho planto to
Bunchy top dlscase but the ezact nagnitude of tho ratio at
whlch the plonts bocomo resistant or tho nomner and mothod
of condrol of the ra%io in tho plant tissuc are mattors for
furthor investipation. It doco not appesr that controliing
tho plant mtrient ratios in tho o0il can give auy deoivcd
Cad + Med/Ep0 ratic in tho plant tissue,

In tho case of yoot tiseue studlesn, & notable
oboorvation is that the absorption of nitroren and phoophorus
was not significantly difforond in troatments. Nowover, 4n
the caze of potash thoro was olgnificant difforonco., The
ansunt of root potash wao inoreasod with insreasing quontity
of caledum and magnesivm fn tho sofls Tho root potassium
48 directly proportionad to tho anoumt of caleium and potassium
prosent 4in tho soll, It io aloo intoresting ¢o noto that
the naxirema contents of potagh in tho psob tissuo eoincided
with the moximm delay to Dunchy top infecticn., oot calceium
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was also dopondent on the soil concentration of the
clement, Iowevory aftor tho imcidonee of the dlscaso,
thoro was a doeroaso in the contont of caleium In tho
motss wiich can be oxplainod as due to incressed rate
of tranglocation within the plant, The magnesiun oxide
eontonts &n tho root ticome also followed the camo
pattorn ag calcium, A very intorosting obsorvation in
thie conncobtion 1o thab tho Cod + MBO/K0 ratio in tho
roots 40 not olgnificantly differcnt betwoon troatnonts
before tho ineldoneo of tho diseasss IHowovor, aftor the
incldcnce of tho 3disoasey tho ratlo 1s geon eonsidoxably
lovored 4n all troadzontse It 48 possible that this may
oither be duo to dlfforential absorzption of tho mubricate
or aw to tronclocation £rom ¢80 zoots o tho diseaso
affocted portions of the plant,

Tho prosent studien have Bore or less convincingly
indieated that tho caleium oxide plus magnocium oxide/
potassiun oxido ratio in the plont tissus exerts some
infiucaco on the rasistancs of the tisme to infoction by
tho Bunchy top virus. It ig bowovor difflcult to conciude
wiiat exnctly tho ratio chould be ia order to fotally
provont dnfootiony or tho marmer and mothod of ensuring
sich a ratio within tho plant tissuee An observation
vhich §5 of intorost in this connoeotion is that a1l hoalthy
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plents which withstood infoction had a Cad/L0 Tatio in
the loaf tloouo, of slightly abovo 1400y irrvospootive
of troatncntoe Hhothor control of plant mutriconto in
the coil modium wlll cnsurc g dooired ratlo in tho plont
tigoue will require invontigations undoy wmach mOTO
controlled eonditions than conid be mado avallablo 4n
the proscnt study.




SUMMARY AND CONCLUSIONS



SINDIARY AND COUCLUSIONS

Crporinonts wore laid cut undor coml-fiold
eonditions to pbudy the offest of eowbirnced application of
caledun oxido and mamosivn oxldo ot @ifforent concontrations
to ooll in tho ratio of 31), The aboorpticn of ealelun,
nagnesiwm, nityoron, phosphorus and potassium by plants
£ron ooils contoindng vavying quontitioo of coleium oxide
and magneoiun oxddo wao studieds The planto weyo allowed
o0 bo Anfoctod by relcacing the visuo carsying aphids afior
$ho initial porlod of pgrowih, to ntudy whethor thore wap
any ooistanco to tho incidoneo ©f Dunchy tope Tho rosults
ara owmaricod bolowie

1. A1l tho plonto 4w tho eontrol ecutracted tho
dicoase oarlior tham tho troatcd plantse The mumbor of
daya tokon for infoetion wariod from 30 to 42 for conbsol
and 32 to 76 for tyeatod plants. Soue plants in treatments
8y 3 and 4 havo vithstood infoction for 850 dayo after
planting, that 1o $i1l tho end of the exposimendol
obsorvationss It 4s oxpocted thode will give roymaltunchos,

2» Tho uptalo of nitrogen by the plants Aecrsased
with irercaoing lovols of calelun ond nagnooinms Thoro was
an dncroaso in the nitrogen content of loavoes after tho
incidcnce of tho Alsooacos



A
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3. Caloiun ond Dagnosium nay have, besides &
diract yolo 4n the plant tissues an indiroot offcct also
in tho eontyol of the discass through tholr Infinence on
tho eboorption of othoxr mitriont olonontoe The absorpltion
of caleiun snd magnoolun by tho plants vas lrcetly
related to tholr coneontratienm in tho solle

4. Mthongh the CadAMEO Tatic in the cofl was
neintalned at 331, tha absolute quantity of Cadftigh had
an offect in oousing & highor watio of Cal + Hgo_/&gp in
tho loavess Tho lowost valuo was noticed 48 the ¢aso of
contral and tho highost valuo 4n tho casoe ef troatment 4
wilel had tho naximnm concontration of GaOMgO in tho
Tatio 81k in tho eold,

&, The longest delay in the inoldoace of tho
ddconse was noticod 4n tho cace of planto with ¢he highoot
Cad + Mg0/Z20 ratio,

Go Tho moximm content of potach 4n the rovot
tlocuc colnelded with the paxtrum dolay e Bunchy top
infoction,

?+ Tho prosent studies have more op less
convincingly indleated that tho Cn0 + HgO/E-0 in the plant
ticoue ogorts somo influonco on the mesictonce of the
¥3sme to infuction Ly tho Fumchy top vimis,
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APPENDIX I

analysis of varlance
Helght of plants boforo the transmission of viws

o
Si oy

Sourco 8.6, D.fs Varlanco V%ﬁe&gce
Total 30851,50 27
Blocik £5203,00 6 3882,16 11,476 **
Troatmonts  3460.64 3 1156,546° 34410 *
Eftor G083,86 18 338,27

* glenificant at 5% lovel
e¢ gignificant at A% lovel

APPENDIX II

Analysis of varlance
Hoight of plants aftor the incideneo of tho dicease

source 545 Defe Varicuco v;ariiﬁagce
Fotal 91092.80 <o
Blocle 28639,80 6  3781.63 20231
Treataents 1781,90 .3 893,07 1,618
Error 6621,10 18 367.77

te Signiflcant at 1f levol



(11

APPIIDIX 11X
analyolo of varlaneo
Girth of plants boforo the tranouisalon of viius

Souzrce 8.5, Defs Varlance asieac®
Total 129G,72 o7

Mok 239471 6 101.62 1,07 °*°
froatoonts 301,00 ] 100,33 0,12 il
Error 206,00 18 1144

ek Significont at I¢ iovel

APPITIDIX IV
ansdysis of varlance
Girth of plants aftor tho incidence of tho disease

Souzee SeSe D.f. Varionce Vﬁggw
Total 1518,860 e

Block 730,357 6 123,726 2.223
Treatments 1034427 3 34,476 0,637
Brroy 085,180 is 54,728




(111)

APPEIDIX V

Analycis of variaree
Fusber of fully opcnod leavas before tho tranciission

of vims
Seurco BeBa Defe Varioneo Vg%ggce
Totel 86,06 27
Block 46,21 6 7470 G.21%*
Troatments 20,89 3 8470 6,01"*
Error 20457 18 2.13

*¢ Sientficant at 18 dovol

APPLEIDIX VI
Analysio of varionce
Humber of fully opened leaves afbor the incidenes of the

ddccace
Source 3eBs Defe Varianes Vgégxowe
Total 234,63 &
Rloels 12543 6 20,01 3.00*
Troatnonts 14,07 3 4,99 0,953
Ertor 82423 18 5e22

* Siendiflcant at 58 lovod



{iv)

‘

APPLEIDIX VII
Analysio of variance
Length of loavos bofore tho transuission of virus

Sourco SeSe Dsfs Varlanco V%&gce
Total 15386,9 27

Block 10335,9 6  1722,65 10,56
Treatuonte  3170e1 3 105970  10,10*
Error 107149 18 103.99

#¢ Siegndficant at 1% lovol

APPEIDIX VIIX
Analydgls of variagneo
Length of loaves aftor tho trangigsion of vimus

Sourco Seds Defs Variance vgggg""
Total 32450443 2
Blogk 12248,93 G 2041.88 8,643
Treatnonts 6203.83 3 2097.94 24715
Drroy 1330767 18 7724385




(v)

APPI2IDIX IX
Analyods of varianco
width of lcavos bofore tho trancuiosion of viras

Sourco SeSa’ Dafe Varlomeo VEXIS0CO
Total 127,71 27

Dlock 548,21 6 oy 47"
Troatnents 327671 3 100,24 B450%*
Lrror 345,70 1B 19,20

o Sionificant ot 1P levol

APPEIDIX X
Analysis of varlanco
Width of loavos aftor tho incidonco of tho discaso

seureo SeSe Defs Varleneo Vggézugee
Totad m.ﬂ g?

BlooX 643,21 6 8137 4,78
Troatmonts 27,71 3 103,24  5.,89%
Error 345,70 ie 19,23

s+ Significant at 13 lovcl



(vi)

APPIEDIX XT
' Anelyols of variance

Bumbor of dayo taken for the appoaranco of tho discase
oyoptong after tho roloasc of the &phids

Soures Se8s Difs Varience Variineo
Totad 3481,30 2

Treatments  £020,83 3 G661 8,30
Error 1451447 12 80,61

e+ Sienificant at 1% lovel



APPESDIX XIX
Anslycisc of varisnce
Tho nitrogen content of loaf cemplos before $rancmiscion

of viras
Gouree 8a% Defe Vorlomeo Varisuco
Totel 12,543 g
Boplications .02 6 1,500 20,147
Proatoents %4877 3 0e6250  8,373°°
Ermor 1.343 b)) 0.07468

& Sipnificant at 15 level

APPLNDIX ATIX
fnalysis of verlance
The nltrogen content of leaf sanpllos afior the incidenco of

the discase
Soureo SeBa Defs Variance vaTlance
mtio
Total 12,154 @*n
Hiock A7 <3 07020 0.368
Troatmonts 4,873 3 144920 0s781
oroy o244 3 0631210




i

(viid)

APPETDIX XIV
Analyels of varionce

Tho phogphoric acld (P205) eontont of leaf szmwlos bofore
the transnission of virus

Soureo SeBe Defa  Varlanco vﬁgﬁ“
Total 0419637 >
Raplications 0602668 é «00448 065
Treatzonts 004747 3 01552 2,33
Erzor 0s12222 8 «00672

APPOIDIR XV
Alysis of vavricnce

The phosphoric neld (Pols) contont of leaf szaples aftor
the ineldenco of the disease

Sourco SeSa Defo  Varlomeo 'eriduse
Total 00227 =
Roek " 0,018 6 0,003 0475
Froatoonts 0036 3 0.012 e ]

Lrror 0.073 is 0.004




(ix)

APPIIIDIX WI
Analyolo of varlance
The potach contont of loaf swplos bofors tho drmnomissiem

of vims
Gourea BuSe Defo  Verlameo Variance
Totnd .10,0G0 o2 .
Heplidcations Sa.202% 1+ 03320 Tt
Sroatoonts 2,052 3 0,6240 2435
Broon Se7X7 18 0,837
APPISIDIX XVIX

fnalymls of varlance
Tha potash contont of loaf scaplog afbor the iwvecidomco of

tho disease
Soureo Ba8e De2y  Varlonee vgﬂ*ﬁ‘g@
Total Ga000 o
Bopldcotions 1,030 ] 001816 074
Troatzonts 0454 <] 01612 065
nyEer 44427 1B 0,460




{x)

APPZEDIX XVIIX
Anglysis of varlance
Tho Cad contont of loaf somplec before the transmiucion of

tha dlooass
Souce . Safe Defe  Varlemoe Vumuimo
Qotal 0,200 »
Block 00113 8 0,013  3,003"
Treatoonts 04087 3 0,0296 s.006°
Lrror 0,207 h 2 00053

* Signifdeant at G lovel

APFERDIX XXX
Anaiyois of varlance
The Cal conten® of lonf somples aftor the ineldence of tho

dlocasa
Soures SeSe Defs  Varlanco V::%:!ozce
Totod 0,344 27 R
Toplicotions Ql.075 (] 00125 258
Troatmonts 0.081 3 0.0270 5.51%¢
Brioy 0088 723 0,008

ox Signlficant ab 1% lovel



{x)

APPEIDIX XX
. Analysis of varianco
Tho Me0 contont of leaf samplos bofore tho tranauission of
the dlgeace

Sourco 8.8 Defs  Variance Vg:%iagce
Total 0.641 &R

Roplications 0,279 60,0465 5.23""
Trogtmonts 0,102 3 040340 3.83*
Brrioy 0,160 e} 0,0089

® Significant at 6F lovel
s Sipnificant at 1% level

APPERDIX XXI
Annlysis of yarlanco
Tho MgO content of loaf samples after the Ancidence of tho

dlsoaso
Varianco
Seurce SeBe Defe Varianes vatio
Total 0,539 214
foplications 0,259 ;) 00265 1,23
Troatuonts 0,132 8 040440 321"
Erroy 0e248 18 0.0137

* Significant at 52 level



(xi1)

APPINDIX XXX
analysio of varicnce
he CodAigd ratio dn tho loald before the trancission of vims

oy

foures Belle Doy Varianco v%%
Zotel 4361 o
Bloek 2,174 8 0,3623 3,383°
Troatments 0,857 3 0.0853 0,8003
Brroe 1.830 13 02072

® Significant at 57 lovel

APPENDIX XZIXI
Analyels of varlance
Tho Ca0Mp0d ratio of loaves aftey the Ancidonco of tho disescs

Source 18 8 Defe Variance Varionce
ratio
Total 5.0439 e?
Mock 10080 6 0.1676 1,639
Treatuento 0,2553 3 0,0038 0,863
Lysor 1,756 iB 0.0093

Lol



(x111)

APPIZIDIX XEIV
anolysis of varioneo
Tho Cod + 1g0/K,0 Tatlo of leoves boforo tho trancmiceion

of virasp
Sourno Oa su‘ Dol Yarioneo V%ar%%.ca
Totnl 0,1244 a7
Bleck 0.0334 8 0,00858  2,808*
Troatzonts 0,0252 3 001506 74626
Leyor 0,0353 18 0,00185

* Sipnificont &t &3 lovel

APPEIDIE XV
inolysis 0f varianco
The Cad + Hgd/Ee0 Tatio of lcaves agter tho inecidoence of

the dicoase
Sourco GeDe Defs  Varionen Vgar%gg,co
Totnd 0,6543 e 0.02423
Hoek 0.1200 71 (.021C8 1.62
Tmoatoonts 0.,5233 3 0,09450 0a71
brror 0. 3205 p 3] Qe OL33C




(1)

APPEIDIK XXVE
funiysio of variange
Tho ndgsogen contont of root panples boforo tho tronemicsion

of virus
Souree SeSe Dofs  Varlemeo Vgax%ingce
Total 2,703 14
mplicut:ons 41280 [} 0,9630 1,390
Troatoonts 01270 a8 08230 1,605
Error 0,4743 i8 0,2625
APPEIDIX XAVIT

Analysis of warlanco
Tho nitrogen comtont of rcot camples after tho incidomco of

the diooase
Sourcs SeS% D.fs  Varloneo Vgazéggcc
Tobol 148363 &7
Bloek 1443120 4} 0,2385 33'33"
Treatnents 0,1332 3 0,024 2449
Leroy 0.3229 18 0,0170

¢ gipgnificant at 1% iovel



{zv)

APPLIDIX XWIIT
Mmalysis of varianco
The phoophoric aeld (PQOSJ‘ content of oot saspies before
tho ¢raneainolon of virus

Souzes GeSe Befy  Varionso Vggggm
Total 004320 27 0,001600
ogk 0.01057 6 0001778 0,99
Sroatacnto 0,00025 3 0,000033 0,048
Drrow 0,03203 18 0,00076

APPEIDEX XXX
fnadyels of varlanco
Pho phosphorie aecdd (9205} contont of root gasplos afdep
the incidonco of the discase

Source SeSe Dvfs  Varlemeo Vorjcnes
Potal 0,03275 o7
Bloek 0,00520 6 00215 0.8
Tyontacnto 0000013 3 «000033 00,0303
Drroy 0,02573 3 #0014




*

(xvl)

APPLIDIXK XX
fnalyoio of varianeo
Fho potach content of root camples bofore tho Sronsicsion

of virug
Source 943 Defe  Variones VOTiance
Total 47,023 2
Bleels 2355 4] 0,328 0s33
Troatoento 214430 a 7160 8,57°°
BrYoy 23.157 b F2] 1256

s+ Sipndficant ot 1% lowcl

APPLIIDIX XXXT
analysis of vavianeo
The potash eontent of rood gonples aftor tho ineidonco of

tho diseans
Soures Doy Defs  Varianco Ves‘g%%zw
Tobal 60,027 o0
RBoplieations &,800 3] 0,453 D295
Teoatuontn 21,6857 3 Fo210 4,022°
Cyrsor 52358 223 14,465

e Sipgnificant at 53 lovol



(xvii)

APPIIDIX XXXIX
Analyogls of varlance

Tho ¢aleliwn oxido content of oot samploo boforo the transe
mission of vizus

Souree N Defs  Varicncs vgﬁg"e
Zetinl 1,200 27
RBoplicaticns 0623 3 0,039 06453
Treatzonts 0,848 3 04282 2378
Bxrop 0,970 2] 0203
APPEXIDER XEXIIX

Aonlynic of variance

Tho ecalefun oxlde contont of rook camplos aftor tho incidonce
of tho dlecaso

Soureo DaSe Dofe  Varlaoneo Vz;;iuagce
Tatal 00%0 &
floclk 0,447 e 0,0743 2,24
Tarcatoents 04342 3 00473 .81
pi:3 00,0361

Errop 0371




(xviil)

APPIODIE XXXV

fnnlyoda of variance

The magnosiun oxido contont of ycot gauplos boforo the
tranatisodon of viyug

K t‘f"’\ﬁ\
t Nz

k3
\

VELLAY Ay, ’3[
>~

Oy (N2
R UBRARY = A

R

@Q\;L T

Bource Gefte Defo  Vorlono | aiionee
Sotad 1,693 2

Roplicotions 04775 ¢ .0s229 837"
Srootnonts  0s477 3 oa®  Ge"
Error 0 18 0,024

e Gipnifieont at 1§ lovel

APPIIDIX XXV

Analysis of varianee

Tho magnosium oxido contont of Toot samples aftor tho
incidones of tho discase

Boureo BeSe Defe  Varlomeo Voriomee
Total 1,385 o7

Wock 0,354 8 0,064 1.2
Prootrcnts 0,407 3 04135 4,1°
Srroy 0uE24 1 0,033

* gignificant at 5% lovol



(23x)

APPEIDTY XONI
Analyais of variance
Tho Cal/igD ratio of root sumnloes dofore tho tranomisoion of

vimus
Souves BeSe Defs Varianss Vg;%ggce
Fotol 2.975 27
Bloek 0,790 <] 0e232 2,03
Ereatnonto 0,023 3 0,007 Oe X1
Lrror .62 18 04,0645

APPQAIDIX XOVIY
Analysls of wvazlanco
Tho CadAlp0 mtio of oot sooplos aftor tho ipcidonco of tho

discase
Couresn S48¢ Dufs Variasnce vgg%fg""
Total 6,4A525 214
Hloeh 0.8657 (3] 0,1443 0,50
Tragtuents 1,17563 3 023217 1,50
Loy 444085 i3 08348




AN

(=)

APPIIIDIX XXRVIIX
Malysic of varlanco

Tho Cad + HMgd/K-0 ratio of rost samples dofore tho trange
migoion of virus

sourco Sells D.fe  Vorlancs ' iaueo
Totadl 03830 =
Blogk Ce 8805 4] 0,01158 2P 3
Treatnonts | 0,016D 3 000530 0278
Trrox 0,0976 8 . 0,00542

APPIDNIDIX XEXTX

Annlyslio of variance

The Ca0 + Heg0/RK+0 ratlo of zoot sSampies nftor tho incidence
of 4ho diacasy

Sourco Tee Dofe  Varicneo v;;ﬁgsgco
Total 061333 o 0,00514

Bloelk 00853 a 0008560 1+28
Troatmonts  0,0263 85 0.00876 2,00
Erroy 0., 0782 ig 0,00438
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