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1 General view of the healthy banana plants bofore inoculation
2 General view of tho banana plants after appearance of 

symptoms
3 Healthy banana plant of treatment 1 bofora Inoculation
4 Bieaased banana plant of treatment 1 after Inoculation
3 Healthy banana plant of treatment 2 before inoculation
6 Healthy banana plant of treatment 2 after Inoculation
7 Healthy banana plant of treatment 3 before Inoculation
8 licenced banana plant of treatment 3 after inoculation
9 Healthy banena plant of treatment 4 before inoculation
10 Diseased banana plant of treatment 4 of tor Inoculation

\

11 Hud thy banana plant of treatment 5 before inoculation
12 Bioeased banana plant of treatment 3 after inoculation
13 Healthy banana plant of treatment 1 (oamloicn - treated)

before inoculation
14 Healthy banana plant of treatment 1 (emulsion - treated)

after inoculation
15 Healthy banana plant of treatment 2 (emulsion - treated)

before inoculation
16 Healthy banana plant of treatment 2 (emulsion - treated)

after inoculation
17 Healthy banana plant of treatment 3 (eeruloion - treated)

before inoculation
10 Bioeasod banana plant of treatment 3 (emulsion - treated)

after inoculation

\i



Healthy banana plant of treatment 4 (emulsion - treated) 
before inoculation
Diseased banana plant of treatment 4 (eouloian -> treated) 
of tor Inoculation
Healthy banana plant of treatment 3 (emulsion * treated) 
before inoculation
Healthy banana plant of treatment 5 (onulolon - treated) 
after inoculation



INTRODUCTION



UBHAV* *

V E L L A Y A MI

Ths attempt to study tho nutritional atatuo of soil and
the plant ao prediopooins factors to infection of "Bunchy Top" 
dloosco of banana has boon initiated as part of tha continuous 
research programme of tha Principal end Additional Director of 
Agriculture (iteoearch), at the Agricultural Coll0.^0 and Eesearch 
Institute, Vellsyani, since 1962# The survey conducted during the 
first year of investigation showed that soils of dicense-froo aroao 
hod lower content of major nutrionta. nitrogen, phosphorus and 
potassium and higher content of secondary elements, caloiun and 
nagneoium* Leaf samples of healthy and diseased banana plants 
also followed the cans pattern as that of soils in their content 
of nutrients. The experiment conducted during tbo oam© year based 
on the survey showed that a combination of calcium oral magnesium 
in the nutrient medium could bring about a significant delay in the 
appearance of disease symptom*.

different forms and levels of calcium and magnesium shooed that 
appropriate) combination of olâ onto in the nutrient medium arrested 
the incidence of tha disease for a significant period* Treatments 
supplying calcium oxide end magnesium oxide at 0 .6 per cant and 
0*1 per cent, respectively, on the basis of the insight of oand 
arrested tho incidenco of tha disease till tha esorgenca of tho bunch. 
The plants which resisted infection shooed a calciun oxLdo/ncgncslum 
oxide ratio of 3*9 to 4 and a calcium oxide plus magnesium oxide/

Sand culture oxparinonts conducted during 1954-*65 nith
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potassium oxide ratio of 1 or near about 1» The oorreopssadinar values 
Is the plants which contracted the disease vers lover*

Experiments durirg the next year to confirm ths rexulta of 
•and culture experiments under sami-fleld conditions shoved that 
variations in the ratio of caloiun oxide/aagnooltmt oxide in the 
plant did not follow any fixed pattern* Ml tbo pleats of tho 
experiment contracted the disease erven though a caloiun ctzide/sagneciixs 
oxide ratio up to 3*71 In the loaf could be observed* However,
calcium oxide plus magnesium oxide/potassium oxide ratio of 1 could 
not be attained in any case* It vac concluded tliat resistance to 
Bunchy Stop infection could have been actually related to the ratio of 
calcium oxide plus magnesium oxide/pQtassiun oxide ratio and not 
merely to tho ratio of calciuc oxide/magnesium oxide* The unpredictable 
nature of absorption of nutrients from coil in contrast to that in 
sand medium, tbs influence of several uncertain footers due to addition 
of large mounts of organio matter and the high concentration of the 
insect inoculum were considered the reasons for the variation in 
results*

Ihrthor Investigation under low organic matter condition® 
and using lover concentration of insect inoculum were necessitated to 
confirm the results of the previous workers* Bence, the study under 
oemi-fleld conditions was oontinued* Two ratios of caloiua oxide end 
magnesium cod.de, 3»1 end 6*1 were tried each at two level* of magnesium* 
0*03 per cent and 0*10 per cant*
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RETIE* Cy LITEnATnRE

A detailed account of the Metcry and distribution of tin 
Bunchy Top disease of banana baa been given by Kaabiar and Bair (19&5)*

Uebta* JOshi* Haov and Esnjfcen conducted a detailed survey 
of the incidence on! intensity of tho disease in Kerala In 1960* Based 
on this survey* they reported In 1964 that in the central parts of tha 
State* where the disease hod Initially appeared* 6he Incidence ced 
intensity were nich lower than In the past* The high incidence areas 
ware located in recently Invaded northern parte of the State*

Different plant nutrients exert differing roles in the 
resistance of plcnta to infection by virus. This has beta reviewed 
with special reference to Bznchy Top infection by previous workers 
(Naabiar end Hair 19̂ 5? Kalr and Pillai 1966» Bair and Georgs* 1966) 
However* information which has not been touched up cn by thaa 1st 
etaaerised in the following pages.

either a deficiency or excess of nitrogsi* wos&io ejwptcwe appeared 
earlier than In those receiving a nedlua anoint of the nutrimt# 
Felton (194B) working on IriaiJpotato found that leaf roll eynptcne

Effect of plcnt nutrlente on virus infection.

(i) Bitgogen*
(a) Effect on symptom expgsgellm

Gpeccer (1937) ro that* in tobacco plants supplied with
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appeared at lower nitrogen level* end lowar temperatures tbsn at high 
nitrogen levels and high tsspecaturss* Aram (1949) experimenting on 
potato** observed that a dsfioiancy of nltrogtn caused earlier 
appearance of leaf roll. Ehnscher (1992) reported that increasing 
acounta of nitrogen increased the susceptibility of potato** to virus 
inf*ofclon through aphids* According to Disrcks (1999)* potato plant* 
in tha low-nitrogsn group reacted negatively to infection by X-vlrue. 
Ha recometnded soderats supplies of nitrogen as a method of control* 
Bowden (1999) oltad tha work of Broadbcit and Beathcota who found that 
th# Ineidwooa of cauliflower cosmic virus lnor*a**d with sore nitrogen.t
Be Hobarti* (1959) dsaonstrated that nitrogen applications reduced 
symptoms of wheat streak aosaio tints but lod to th# appearance of 
tulnp breaking virus syaptosts in Eaahrandt tulips* Contradictory to 
th* observations of Arens (I9ji9) end Bo Eobartia (1999)#
Weather* (i960) found that tha development of sxocortis eyaptoa* 
in Sur aka l«aon (Ponoirua trifoliate) was corrals tad with increased 
nitrogen application. At wary low levels no eycptocs war* noticed*
Similar results have been recorded by Render and Scith (1964) la

ivirus-infected strawberry* Broedbant and Weathers (19&4) foiled toi
get any effect flroa urea and oonoacnoniuB phosphate sprays on tocatooei
infsotad with tobacco uosalo virus* Carpenter (19&4) ent*
Weather* (1964) found that nitrogen nutrition of the host had no 
effeot on the trans&lasion of bean yellow sosalo virus*
Ptusa at al* (1969) observed that difference In nitrogen contents of 
the plants shoved no significant relationship to the incidence of top 
earl disease*



(b) Effect on vlna concantration. gultlpHcation. activity and
w s m &

Spsaesr (1959) found that virus concantration of 
expressed sap of diseased, nosaie infoctad tobecco plants oupplied 
with nitrogen wee over 80 tln&s that fro* nitrogen deficient plants* 
Virus activity of expressed sap was direotly correlated with tbs 
amount of nitrogen supplied to plants* In 1941 fee attributed tha 
raaaoa for increased virus activity to an increase in tha rate of 
virus multiplication in tha high nitrogen plants* Tha increased 
virus activity had reduced the biological activity of the plant by 
40 par cant* Kendrick ot 01. (1951) observed that virus concentration 
sea reduced to a rain-twig, by lov nitrogen application in tonatces 
infected with tobacco mosaic virus* However, Best and Callus (1959)i
reported that, at nitrogen levels which lialted growth, the amount 
of infective virus par plant was greater in tobacco plenta infected 
with tobacco mosaic virus than those receiving adequate nitrogen. 
According to thee, reduced nitrogen supply affected the production ofi
virus rather then plant protoins* Dicroks (1955) had observed that

iexcess of nitrogen in the soil had accelerated the movement of X-virua 
in potato plant. Bound and Weathero (1955) found in Connecticut 
Havana Kb, 33 tobacco that virus activity of aspreosed sap was directly 
correlated with plant growth, j Bapaoolcnontoa end Wilkinson (1959) 
found that raining nitrogen levels fees subnormal to above ncssml 
resulted in Increased virus concentration in the caoe of tcosto plants 
Infected with tobacco cosaio vlrua. Baa tri end Vauudeva (1962)
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indicated that sunnhasp xaosaloj virus concentration waa directly
j

correlated with growth of eunnheup plants In rcapsot of nitrogen*f
They chewed In 1963 that aovsnent of aunahasp nosalo virus started 
earlier In plant* receiving optima levels of nitrogen and nuch later 
in those receiving oxcesa or deficient levels* According to 
Sodosivsn (19̂ 3) nitrogen levels that increased plant growth also 
increased virus concentration and vies vena* Hitroggn lone hod 
a profound influence on virus cultiplication. Singh and ffiuagava (1966) 
found that virus concentration coincided with growth even at 
concentrations which caused stunting in vatcraelons infeoted with 
watermelon nosaic virus*

(o) Effect on nitrogen contents
Cosaoner efc *1 (1953) coopered the nitrogen contents 

of tobacco leaf discs at various Intervals after inoculation with 
tohecco wosaio virus and observed a net increase In protein content ae

ia eoncoeltant of virus ejntheeie* Best and Callus (1955) reported that 
the concentration of protein nitrogen was higher in leaves of Infeoted 
plants throughout the growing period* Borgss and Beato (1955) showed 
that both total end soluble nitrogen in diseased Rmeslca chinsnsle 
hod increased* Orlob and Amy (1961) conoluded fron their work on 
barley yellow dwarf virus that virus infection affected the nitrogen 
netaboUea by roduoing the total nitrogen in tha leaves and increasingi
it In the roots* Enksroue et al (1964) obtained increased protein 
and peptide nitrogen in tobacco pleats inoculated Mechanically with
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tobacco Bftftin virus. Harsyszia Eeâ y end SeuEalTisbncn (1966) 
working on Pigeon peas lnfeoted with eterility csooaio disease 
found a decrease in ehlomplsstio protein and on increase in 
oytoplamla protein in ths diosBsefl leaves. A docrease in CtU 
ratio was observed due to virus infection, end this reduction 
was attributed to tha reduction in carbohydrate content end

in nitrogen content of diseased la&vos* Harbier end 
KMr (1965) and Pair and Pillai (1956) also noted significant 
differences in nitrogen cont«xt« of banana leaves due to tha 
incidence of Bandhy Top disease.

(il) FhosphoCTa 
(a) Effoct on svsptoa axnrotnloni

Spencer (1957) fcund that in tobacco, oynptGas of 
syataaio infection of aonoio virus developed earlier in pleats 
that received no phoephoruc than those with excaeo phosphorus* 
Bodo (1949) ectipfstring the affects of nitrogen, phosphorus end 
potasoiui) found that infection of potatoes by loaf roll cue 
least in KP plots. Arons (1949) hod oanoluded that dafiaicncy 
of nitrogen caused an aarlicr appearance of leaf roll on potatoes 
then did loch of potossiun and phosphorus* Kendrick at el (1251) 
observed a reduction in weight of taoatees infected with tobacco 
bcdale virus* The reduction was accentuated with high phosphorus 
treataaate* Wuhseher (1952) found decreased uuncepiibilifcy of 
potatoes to virus infection through aphids by docEcasod phosphorus
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application* Schlagol £t al (1953) found that radioactive 
phosphorus (P^2) in ycung Koaaic infected tobacco loaves inhibited 
viruo formation end eynptcs* expression* Carpenter (19&4) concluded 
that tranced, eo ion of bean yollov no sale viruo by aphids vac unaffected 
by phosphorus nutrition of the host* Weltec (1964) observed that the 
susceptibility of Lincoln peas to inoculation «ith been yellcnr ooeaio 
virus by Kyaus xwrsicaa was unaffected by addition of phosphorus*

(b) Rffcot on virus concentration, multiplication, activity and 
movements

Found and leather* (1953) reported that in glcotlana 
fflutinosa end I7*crjltlvalvia affcotod by turnip virus I* virus activity 
corresponded! closely to the ascunt of phosphorus supplied to hosts* 
PapaeoloMontos and Wilkinson (1959) found that the virus concentration 
assayed on H»fflutinosa increased as the phosphorus level van raised 
frost subnorwal to above normal* Saatry and Tesudeva (1962) hod 
observed that concentration of the sunhhOBp nosaio virus progressively 
increased with increase in phosphorus supply, even though growth was 
retarded at higher levels of phosphorus* They reported in 1963 that 
Kovonnt of suranhenp mosoie virus etorted earlier in plants recaiving 
excess phoephoras* According to S&dosivan (1963) increased phoephorue 
supply had increased virus activity of exprsoocd sap, but levels 
causing stunting also inctraasod virue nultiplicuticn. Singh and 
Ehargava (1966) observed that in the caso of watermelon, concentration 
of oosalo virus continued to increase at phoaphorus levolo higher 
than tho optinua far growth*



(o) Sffeot an phosphorus content!
Beet and Callus (1953) observed increased concentrations 

of protein phosphorus Is tobacco leaves infoated with aocalo virus.

Ehsw and Ssnborekl (1956) showed that phosphorus accumulated in tho 
young local lesions or tobacco ccsaio virus on Kicotiana*
Koslowska (1959) had obtained higher percentage of phosphorus In 
potato plants infected by virus T then In health/ controls* Ho observed 
in 1 9 6 4 greater amounts of phosphorus in potato tubers infected by 
virus X and Y* Erusa et «1 (1 9 6 5) found that tho phosphorua content 

in hop plants affected by hop curl disease was higher*

(111) Potaseluat
(a) Effect on eygrotoa ggpsessicni

Spancer (1937) working on the solo of potosslun on Dymptcm 
expression of mosaic virus of tobacco found that application of excessi
potassium iowdiataly before inoculation was conducive to the early 
development of syoptOEo. Syrptoa expression was delayed when the 
Interval between fertiliser application end Inoculation woo higher. He 
oould correlate between the duration of tho treatment and incubationi
period of virus in plants# Bode (1949) observed that infection of 
potstoee by lesf roll woe markedly higher in tho plots where potoesius 
woe applied* Arms (1949) found that too such potassium promote oyspton 
expression of potato leaf roil* Kendrick et oil (1951) observed a 
xaduotlon la weight of tomatoes infected with tobacco mosaic virus*
Yhie reduction vac Dtnialoed with high potassium end accentuated with
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lew potossbai treatments* Winsohcr (1952) reported that incroaeing 
amounts of potassium culphate decreased tho susceptibility of potatoes 
to virus infection through aphids* It was found! that the Incidence 
of crown disease and little leaf of oil pals increased when they ware 
supplied cwOy with pot&seiua (/non. 1958). Walton (1964) observed 
that susceptibility of Lincoln peas to inoculation with bean yellow 
Kcoaio virus by Sfesus pgralcaa was unaffeotod by additions of potasslun.
(b) Kffoot cm virus concontrition. activity, multiplication and 

moveaentt
Found and Waathars (195?) found that variations in the 

potasslun supply did not noticeably affect virus activity of turnip 
virus 1 on Wlcotlana gjutlnosa end H.miltlvalvle. Fapasolomootes and 
V/ilkinaon (1959) axpezintnting on tomatoes Infected with tobacco mosaic 
virus reported that when potasslun levels were raised frca cub-normal 
to above-normal. there was no' significant effect on virus concsatratioa 
in the excised tcnato roots. Sastry and Yacudeva (1962) found that 
though increasing 1 crawls of potocsiun shoved slight iRcresao to growth, 
there was no narked effect on virus concentration. They indicated in 
1963. that aovenont of eunnheip Eosaic virus started earlier to plants 
receiving deficient potassium levels.
(e) Effect on potassium content!

Koslowska (1959) got higher percentage of potaoslun to 
potato plants infected with potato virus T than In healthy controls.
He observed to 19 64 higher amounts of potassium to potato tubers

l

10



inf#0tod with viruses X end V then In tha healthy plants*
Prusa *t iSi (1955) shoved that In diaeased plants, tha content ofI
potssaiua was regularly higher than In healthy ones*

(lv) Calcium |
I

According to Sadaoivan (19°3)* calcium deficiency 
reduce* the number of local lesions by off acting intrinsic) cell 
susceptibility rather than by mechanical resistance to entry of 
viruses* Wei ton (1964) found ttjat the susceptibility of Lincoln peas 
to inoculation with bean yellow mosaic virus by T focus pgggicap was
unaffected by addition of calcium Chelates*

I
Gao try (1965) observed that above an optimal level 

of c&clufif growth of Cgotajarla .lunoaa was retarded end concentration
of eurmhsap nosaio virus reduced*

| 1

Shaw and Saaborski (1956) showed that calciun accumulated 
in young local lcolaso of tobacco ooeaio virus on Socotiona*
Pruse et al (19G5) found that in hop plcnta infected with bop curl 
disease* the content of calcium was higher than in healthy ones*

! ■(v) Kawnssiuai 1 ,
1

It was found that incidence of oil pala crown dicecso 
and little leaf increased where potassium was applied alone* but thia 
wsu) eotaitsrbslenced by the addition of msgnssluia (Anonysoua, 1953)*
Tfoltcn (1964) reported that susceptibility of Lincoln peao to inoculation 
with bsan yellow mosaic virus by Kvsus poroicao was unaffected by
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addition of Kagntaiia chelate* Prusa at al (1965) showed that 
infection of bop plento with hop | curl disease vas noticeably inhibited 
by spraying or irrigation with salts of nagneolun.

Byjkoff eztd Klimova (1948) fonnd that when half leaves 
of Hicotlraa fflutlnosa plants inoculated with tobacco nosaie virusI
war* kept sutaorgad for a oven days in a 0*1 par cent solution of 
isignssluw oulphate, multiplication of virus was markedly depreseed* 
Sastry (1965) observed that shore a certain optima nagnesiua level, 
growth of Crotalnrla Juncss infected with sunriheap nosaio virus was 
was retarded and virus concentration reduced*

Hale ot al (1946) showed that magnesium content was 
consistently higher in heat plants infected with heat yellow virus

Ithan the healthy plants and that the difference varied with the degree 
of infeotion, Prusa ot cl (1965) got no significant difference in 
magnesium contents of healthy and diseased hop plants infected with 
hop curl disease

(v i)  Sulphurt
4rann (1949) found that regeneration of potatoes 

infected with potato leaf roli could be effected only by application 
of nitrogen* Shis affeot was favourod by application of sulphate.i
According to him, this was due to the higher formation of plant protein* 

Mug and Pound (1962) reported that in tobacco plants 
grown without sulphur or with sub-optimal sulphur, accumulation of 
tobacco tsosalo virus woo markedly and consistently loss than that in
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pleats receiving optical sulphur lsvsls. Sastry (19&5) noted that 
growth or Crotelari* lanes* and concentration of cunnhGnp nosedo virus 
W5?» reducsd at levels of sulphur above the optima* for growth'

Suss (1556) obsssvsd that in healthy potato leaves 
sulphur so* uniformly distributed' but in those in footed by potato 
leaf roll virus, it accumulated in xho veins though uptaka mao less 
than In the healthy* ftlth nocalc virus, it tended to sccurailate at ths 
odgco of the Isavoa. Tn tobacco plants infected by iso solo virus and 
potato virus X, uptake of the element was also roduced and it aocsaulated 
in the vein*. Prusa st al (l?65) found that hop curl disease of hap 
plants did not bring about any change in sulphur content In ths plAnts.

(vii) Zinc:
Ynrsood (1954) dsaonatrated Hut ths susoeptlblllty of 

PheasoluB vnlirarla loaves to tobacco eobqIo virus was induced by 10 
minutes' insertion in 0*001 to 0*003 por cent sino sulphate* Tho sans 
troatimnto dooreassd tho rusnbera of tobacco mosaic lesions on 
ffleotiana fflutinosa loaves* Rich (1956) got promising results with 
sino sulphate which reduced the percentage of dicoa**d plants per plot 
frora 8.6 to 8*0* Pros* (1%5) found that hop curl dlssaee of hop 
plants nan noticeably inhibited by spraying or irrigation with salts

I
of sino* !

Garcie. (1965) got Increased virus concentration end 
local lesion production in tomato plants Infected by tobacco socalc 
virus by sino sprays.
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(viii) Boroni |

Eruas ofc nl (19&5) raportscl tlat hop curl disease was 
noticeably inhibited by spraying or irrigation with calta of boron. 
According of Slilhrath at (1966), in a dlsoaeo of swsot horsy in 
which a virua and boron deficiency vase Involved, trees sprayed with 
boron produced normal fruits and leaves,|

Ford cud Batdten (1964} concluded that potato virus X
concentration in fl.t&bacua increased nore slowly initially, hut later

\reached higher concentrations in inoculated leaves of boron - deficient 
plants then in those with oufficicnt boron. Boron deficiency did not 
alter virus translocatien.

Ford ana Bateson (19S4) found no (significant difference 
in boron deficiency of Kicotiana tabacua due to potato virua X Infection.

(ix) Ironi j
Zelonova (1964) reported that Insufficient irco end 

cfmgsnece dininiohefl synptcas of infection of cucunber mosaic virue in 
cucumber (Cucunia aativus) 1

Bedi end Baychaudhuri (1956) observed in tomato plant* 

that concentration of potato virus X was leas at lew then at high iron 

levels, Deficiency of iron appeared to licit virus multiplication.

Fruea et al (1955) found in hop curl diosaaa of hop 
plants that there was no differencs in iron coatento before end after 
the incidence of the disease.

/
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U) ifanwanesat

TiOlkie ana Pound ( 19ST) round in  tobacco p lan ts 

infootefi w ith tobacco mosaic v iru $  that cy-Eptosa vrero lo s s  narked in  

cangcnosQ d e fic ie n t plants,, than those rso o iv ln g  complete n u trie n ts. 

Carpenter ( 1954)  ohonod that trangnieaioa o f bean yellow  nosale v iru s  

by aphids was unaffected by nanganoee n u tritio n  o f host# Zclcnova (1964) 

observed th at in s u ffic ie n t  taanganoao in  tha n u trit iv e  medium dim inished 

cysptcoa o f in fla t io n  w ith cucumber mosaic v iru s  on cucumber.

Prucn (IS65) chowad that hop curl disoaoo in bop plants was noticeably 
inhibited by spraying or irrigation with salts of Esa^anaoe.

talkie ard found (1957) got 50 per cent mono virus 
per unit weight of tleo te in nanganeso deficient tobacco planto inf gotod 
with tobacco mosaic virus than the nanganece supplied.

tyglkie and Pound (1957) reported that tobacco plants 
infootod with tobacco mosaic virus chewed leas chlorosis in tho coos of 
fcucigoneso deficiency than in uninfected plants.

(ad) Polybdcmurat

Fiuaa ot nl (19S5) showed that hop curl dioeaso of hop 
plant a was inhibited by spraying or irrigation with oalto of molybdenum.

According to Gantry (1962) virus concentration ic 
positively correlated yith plant growth. Ho found that tho cffltoi 
concentration of viruo was obtained at the lovel optimum for growth 
at nil stages following inoculation.



(xii) Chlorlnci
Diaroko (1955) found that excess chlcrldQ in ths soil 

oaenSnonta strongly accelerated tho oovgsant cf X virus of the toaato 
plant.

Effect of nutrients (nitrogen. nhoaphorua. potass iw». oaleliaa and 
BKwmoBluaa) on Bunchy fop virae of bansme.

Kanhinr and Hair (19&5) showed that nitrogen contents 
of tjoila taken froa infected area* wore high in comparison to healthy 
areas. Conporafeivo leaf analysis indicated that the diseased leaves 
contained core nitrogen than the healthy* Hair end rillai (1£56) 
concluded that the uptake of nitrogen was significantly influenced 
by raagneoius and calcium. Xt was also shown that higher nitrogen 
contents led to an early incidcnco of infeotioa* Ikir end George (1966) 
reported that there vac aa increase in nitrogen content of loaves after 
tha incidence of the disease than before it* Also* ths nitrogen oontent 
cf infected plants ramlnod fairly constant in ths control and the 
plants treated with calcius and ttagnaoiua* The amount of nitrogen in 
tho leaves of all tho plants under different treatments war© found to 
bo higher than that in the leaves of plcnto which resisted infootlon 
in tho work of ITair and Filial (1966).

ilasbiar and Hair (1965) found higher content of 
available phoaphorla add in coilo collected frcn diseased areao.
Ri^hor phoaphorio acid oontent was noticed also in tho ease of dleoaswd 

loaf samples* Hair end Rillai (1966) concluded that tho uptake of
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phosphorus appeared to have & significant effect in delaying the 
incidence of the disense. The higher tha uptake of phosphorus* the 
earlier inis the infection* Hair end C-corge (1956) observed higher 
phosphorus content In lonvoa of infected plants* The increased 
concentration of phosphorus noticed in the plont leans after tha 
incidence of tha disease was pointed out to be duo either to increased 
absorption of the element or to disturbance in the uchonisB of 
tranaloeation.

Hwabiar end Hair (1969) reported that there was a 
higher concentration of available potaah in tha coils of healthy areas 
os coEparod to tha diseased. 'Hicy also observed higher concentration 
of potash in the diocased leaf eempleo as cusiparod -to tho healthy* 
hair end George (i960) found that there nan an increase in pot&asiun 
content of loaves after the incidence of tha disease. Also, it sms 
noted that potosaiua content of tho plant tissue in all the treatments 
was higher than what was reported by Hair and Pillai (1966) for plants 
which delayed infection by an appreciable period of tine*

It woo observed by Kanbiar and Khir (1959) that ooilo 
from sites of healthy plants in both latorlts end sandy areas showed 
a higher content of total and exchangeable caloiun* Analysis of healthy 
end diseased leaves shewed significantly higher values in tho healthy 
plants, flair and Filial (1966) concluded that the uptake of calcium 
had a aajor role In the incidence of t^e Punchy Top diooaoe. The plcnts 

which hod delayed infection hod a higher percentage of caloiua* than the



plants which got dioenso earlier. IJfiir and Gcoige (19S6) Gbourved 
higher calcium content in leaves before xnoldenea of the diaeaoa than 
of tor infection. The abaorption of calcic by plsnta under different 
traateenta before infection wna not significantly different, indicating 
that beyond a certain level of calcium, further additions to the 
nutrient Ehsdiiia would have no effect on tissue composition*

TTanbior and ITair (1965) ahosad that tha e o iia  from the 

s ite s  o f healthy plants were higher in  to ta l and exchangeable csgneoiun 

compared to diseased areas, Healtiiy le a f canploo wera high in  the 

content o f magnesium aa compared to tho diseased. The worX: of Ivair 

and P illa i  (19C6) showed that there was a high content of magnesium 

in  tho loaves o f plants wMch had do laved in fectio n , compared to those 

which had e a rlie r in fe ctio n . Knir and Georgs ( 1566) reported that 

increaead absorption of magnesium by plants was favoured by lower ' 

concentrations o f calcium  and that a ll  uio plants csntained appreciably 

higher quantities of magnesium before the incidence of the disease than 

a fte r in fe ctio n  by the v iru s.

Calciua plug magnesium;
Fam'bisr and tfcir (1965) reported that coils collected 

from disease prevalent areas had lower calcium and ungneaiun in the 
case of Bunchy Top disease of banana. Calcium and magne3ium levels 
were lower in tho diseased leave., also. It was concluded that 
magnesium along* or In combination with calcium had a resariohlo 
effect In delaying the appearance of disease symptoms. Studios on



Bunchy Sop of banana by Hair anfi Pillai (19&>) revealed that enlclua 
oxide/Ejagnaaiua oxiflo ratio hod a major rolo in delaying the disease*
A ratio of 3*3 to 4*0 in tho plant tioouo could racist the incidence 
of Bunchy Sop dineaoa until the aaorgonoo of bunch* Ksir end 
Coorgo (1966) concluded that raoiotnnca to Bunchy Top virus m y  ha 
correlated to the ratio of caloiun oxide plus cagneslims oxide/ 
potaaalun osido in tho leaf and not sorely to tho ratio of oalcluta oxide/ 
magnesium oxide*

Calcium plus BSfmoBiwg/potaseiuat

Iteieblsr and Hair (1965) reported that calcium oxide plus 
smgnssluia oxido/potatiaiura oxido ratio in the leaves had a bearing on 
tho incidence of Bunchy Top dioeaao of banana* Tho ratio was lover 
in dioyaoed leaf camples compared to the healthy* Further experiKents 
by Hair end Pillai (1966) revealed that a calcium ccdde plus 
magneaiua oxide/potassiue oxide ratio of cno or near about one In 
the plant tienue could ouccesafully rtraiet the incidence of Bunchy Top 
diseaue until tho emergence of hunch* George and Hair (1966) 
concluded that ths resistance of Bunchy Top virus eight bo correlated 
to the ratio of calcium oxide plus cagneaiusn oxide/potaeaiua oxide 
ratio in the leaf, and not sorely to ths ratio of oaldua oxido/
Kagneaiun oxide*
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Machanleal covooalftlon of soil

(Espraaead aa percents®* on ovw toy baaie)

Coarsa send -  49*22

Hoe sand - 6*55
Silt - 10.60
Clay -  20.80

Cbacdcal ccwpoaition of soil 
(Ssprassad as p*rcantfi{ja oa even dry bade) 

nitrogen - 0.0062
Potash - 0.1664
Calaii* oxide - 0.0015
Ba^ealua oxide 0.0625

3. yoroigy,«nd.fCTmigy^t
So organic aaaur© van used* Eltrosan, phoephorua and 

potaeaiue vara euppliad throat fertilisers.

(1) Eitrogqni A total quantity of 1550 g aoaoaiun sulphate (20̂ 5)
n i  applied in tea dose* to supply nitrogen. (900 g first
nixed with the soil)

(11) Phovrhorle addi Soper phosphate (16$ PgÔ ) vas applied at 
tho rata of 15^0 g per plant (aalxed with the eoil).

j
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1* outi

The experitttnt was laid out in resdonised block design 
with fivs treatnants rad six replication*.

2. greatnantsi

ftro ratio* of CaO/KgO in ths soil war* conpared at two 
levels of aagncsius and three level* of calcium. The treatments 
wero us follow* i

Eatio of iotual 
application ratio in soil

1* C«0 0*00* end KgO 0.00* 0 (Control) 1.3 I
2* CaO 0.15* end 0*05)5 1 3 M  ratio 2.1 s
3. CaO 0*30* and IfeO 0.10* ] 2.4 I
4. CaO 0*30* rad MgO 0.05* 6 6 i 1 ratio 5-4 9
3. CaO 0.60* rad MfiO 0.10* 0 4*2 »

Caleiw oxide a m  Mgneslun oxide war* applied on the 
basis of ths cbovo percentages in on* fen soil used in each pit* Ths 
aeulslon of Galatia carbonate and aagneslue carbonate was applied on 
all plants of the sixth raplication.

3* Sterilisation of pitsi

Sterilisation of concrete cylinder* wee dome by etuffln® 
trash and dry leaves Inside, end burning*
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0« Application of ewalwloni

Shs vault! era na applied on plcnts of the sixth 
replication on 5-2-1967 om day prior to inoculation* Potiole md 
pseudoatai wtra unifosxly pasted vith the eauleioa, All tbs leaf 
oxile vara coverad with the paste*

9* Release of aohldst '

A oool and moist ateospfaer® vaa providad by foraing ̂  
pondtl over tha experimental plants, a day prior to liberation of 
aphids. 'Jo provide congenial conditions, th* floor vaa noleteoed 
a day prior to iaoculation and thie «u continued for 3 doya. 
Inoculation was dona on 4-3*1967 whan tha plants vara 4 soothe old* 
ZnfaotiT* aphida at tha rata of 25 par plant vase ralaaaad In tha 
axils of tha tcp-*oet leaves of all tha plants* This portion vsa 
covered with banana leaves to provide buaid conditions*

Fandal m  removed on 9-2*1967# 5 days after Inoculation 
and foiidol 8 605 (0*02 per cert) aprayod to daatroy tha aphida.

1Q*B»oordlng Qbearvatlonai
(a) Plant growth !
Ttm growth characteristics o f tha plant recorded vara 

tha following.
(i) Haight of tha plantt This vaa naacusad from tha a oil level 

to tha opax of tha pavadostea*
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<u) Girth of patudootm: Ueaeurod at the base of psaudostcsu 
(iii) Kunhsr of fully opened leaves.

(if) Length of lamina*

(f) ffldth of leaves! The region of maxima width of the leaf 
was ■©aaured,

i
The oboervationo were recorded regularly at an interval

\
of 7 daye*

I
(b) Useaae eymptomB

Symptoms noted for the Bunchy Top disease were the
following*

f
(i) Presence of irregular, nodular, dark green streaks seen 

along the secondary veins of the leaf blade, along leaf 
stalk end dong the lower portion of the mid rib*

(li) Reduction in size of leaves, !

(ill) Karsh and brittle nature of petiole and lamina, corrugatedT >
nature of mature leaves, and upward-rolled margins of young 

leaves* ^
j

(iv) Absenoo Of normal elongation 'of tbs petiole causing leaves 

to assume an unusually ereot position, thus leading to the 

’ronetted* condition,

(o) Chemical analysis

Analysis of samples of soil, leaf and root were dons for 

nitrogen, potassium, calcium end Esgnesium, The samplee were taken
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from all pleato of the sixth replication.

Soil aaople* wars taken on 4-2-196?, prior to inoculation 
f rm  a rafflon 9 incbee to croc foot deep* Then nr* analysed for 
nitrogen, potaaalua, calciva and vif&eeluB*

Monthly leaf ea&plea vara collected frcv all pl&nta of 
the sixth replication frca 4-1-1967, one aonth prior to inoanlation 
end continued till 4-5-1967* Thets vara analysed for the ease 
constituents as in the one of soil*

Monthly angles of root* rare collsotsd frov 4-1-1967 
onwards and continued till 4-4-196? • Analysis for the sac* 
constituent* as in soil and leaf caaplea vara code*

Leaf aawploa of daughter suckers vara collaetsd on 
26-6-1967 and analysed for potaasitst, caloiua sod w&nssitau

Kitrcgen was estivated by RJsldahl method os givmby 
Piper (1990)* Potash was eatioatsd by tha csthod adopted by tha 
A,Q.A,C, (i960), Ysrssna vathod so ffiran by Jackson (1959) was 
adopted to estivate calclua and vagnesiuv*



RESULTS



Growth Keaoursocntf of all pl&nta ware recordad at weekly 
intarvals fro* one *onth aftar planting and wore continued till the 
appearance of disease eynptow. Haight of plantv girth of p»«udoet«n* 
Busbar of fully opened leaves and length and width of leave* war* 
racorded* Inoculation with infaotiva aphids was dens on 4-2-1967* 
four scnths aftar planting* Tha nusber of days fcakta for the nppaaranca 
of disease synptoas* was notad* Staples of a oil leaf and root vara 
collaotad fra* all tha treats ants of tha sixth replication for chanical 
onalyaia*

growth charaotarlstiowt

Tha average growth nsasureasnt* for height of plant, girth 
of pscudostc*, nusbar of fully opaned leaves and length and width of 
loaves at weekly Intervals ara given in Tahloa I to V* Thara was 
inarsasad growth rata for *11 characters till the appearance of disease 
a>*ptoss* The plento ceased to increase their height and girth aftar 
the occurrence of the disease* The length end width of newly verged 
leaves decreased and later the leaves failed to ecarge fully*

The growth oeasuraaanta, two days prior to Inoculation end 
three days before the oppearanco of first aysptoa were analysed 
statistically* There was no significant diffsranoe between the treatments* 
showing thereby that growth rate was unifora for all the treataeats*
The analysis of variancs tables ara givan In Appendices I to X*

£ 5 8 U I, £ 2
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TABLE I
Average growth neaouremento at weekly Interval□ - Height of plants in cm.

Pate of 
measurement

Ratio of CaOtUgO
0 3H 6t1
Level of UgO in percentage 

0(71) 0.05(22) 0*10(73) 0.05(74) O • A & lw*

17—11—66 50.17 46.00 45.00 53.67 45.67
24—11— 66 54.83 51.67 48.50 57.00 49.00
1—12— 66 59.83 55.67 52.17 61.67 52.17
6—12— 66 65.50 59.17 56.83 66.17 55.83
15—12—66 70.00 64.03 62.00 71.67 60.00
22-12— 66 78.50 69.67 69.17 76.50 65.50
29—12— 66 83.17 75.33 72.83 80.00 69.17
5— 1— 67 90.83 60.00 78.50 83.83 72.00
12—1— 67 100.83 90.83 66.00 94.67 80.67
19—1— 67 108.17 96.50 91.83 101.33 85.50
26—1— 67 112.50 105.83 96.67 107.33 91.00
2— 2— 67 119.67 110.17 101.50 114.00 96.33
9— 2— 67 124.50 116.17 106.33 119.83 100.67

16—2—-67 127.63 120*50 109.83 124.00 104.33
25— 2----67 135.83 126.00 116.50 130.17 109.33
2— 3— 67 142.00 135.50 125.67 139.50 115.17
9----3— 67 144.83 138.67 130.83 143.83 119.33
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Ayvkooo growth ncasuraaents at weakly intarrale-Girth of PscudoatoB in ea
MBLB II

Sato of 
aaasurantnt

Ratio of GaOtVfeO
0 3*1 6il

0(T1)
Laval of MgO In porcentaga 

0.05(32) 0.10(73) 0.03(T4) 0.10(T5)
17-11-66 16.50 14.83 15.83 15.17 13.33
24-11-66 17.33 15.67 16.83 16.67 14.50
1- 12-66 18,50 16.67 18,17 17.67 15.50
6— 12-66 19.50 17.67 18.67 19.50 16.33

15-12-66 21.12 20,00 20.00 20,33 17.50
22-12-66 23.12 21.67 21.33 21.67 18.33
29-12-66 24.33 23.17 23.00 22.37 20.33
5-1-67 26.83 25.83 25.67 25.00 22.67
12-1— 67 29.50 28.63 28.17 28.67 25.83
19-1— 67 31.83 31.67 50.17 31-17 28.50
26-1— 67 34.17 33.83 32.17 33.50 29.50
2— 2— 67 35.67 34.50 33.83 35-83 31.33
9-2— 67 36,35 36.50 34.67 36.33 31.83
16-2— 67 36.83 36.67 35.17 36.83 32.33
25-2— 67 38.50 39.83 37.00 39.33 34.50
2— 5— 67 41*00 42.83 40.17 42.33 34.87
9-3-67 42.17 43.67 41.33 43.00 39.33



Average grow th oeasurem eats a t  w e e k ly  In te r v a ls  
H u n ter o f  f u l l y  opened le a v e #

R a tio  o f  CaOsMgO

TWf* of 0 3H 6i1
iOvV MX

Beacureacnt Level o f  HgO In  percen tage
o ( t i ) 0.05(12) 0,10(T3) o.05(T4) 0.10CT5)

17-11-66 5.50 4.17 4.67 4.67 4.17
24-11-66 6.67 5.17 6.00 6.00 5.17
1-12-66 6.00 7.00 7.17 7.17 6.67
S— 13-66 9.17 6.00 8.17 8.17 7.67
15-12-66 10.67 9.00 9.33 9.17 8.67
22-12-66 11.17 10.00 10.50 10,17 9.67
29-13-66 12.33 11.00 11.50 11.17 10.67
5— 1— 67 13.50 12.00 12.67 12.33 11.83
12-1— 67 15-17 13.33 14.17 14.17 13.33
19-1-67 16.33 14.50 15.17 15.33 14.33
26—1— 67 17.33 15.50 16.17 16.33 15.50
2— 2— 67 18.67 16.67 17.17 17.33 16.50
9-2-67 19.67 17.67 10.17 18.33 17.50
16-2— 67 20.50 18.67 19.17 19.33 10.50
23-2—67 21.33 19.67 20.00 20.17 19.33
2-3-67 22.00 20.67 20.83 21.17 20.17
9— 5— 67 22.50 21.33 21.83 21.50 20.83



32

TABLE IV

Average Growth Measurements at weekly Intervals / 
Length of leaves In ca*

Sate of 
oeosurement

0
Ratio of CoOtHgO 

3a1 6*1

0(T1)
Level of

o.osCia)
in percentage 

^  0.10(a?3) 0.05(T4) 0.10(15)

17— 11— 66 52.50 49.33 47.83 55.67 48.83
24— 11 -66 57.50 51.67 48.00 57.17 51.50
1— 12— 66 59.83 54.83 49.83 59.17 52.83
8— 12— 66 64.67 56-50 52.17 62.83 54.50
15— 12— 66 70.17 59.83 57.67 67.83 59.67
22— 12— 66 75.67 66.50 63.50 70.00 63.17
29— 12— 66 84.17 75.33 68.33 77.67 70.00
5— 1— 67 93.33 84.33 79.83 85.67 75.17
12—1— 67 104.33 94.33 89.67 93.50 82.6?
19— 1— 67 109.33 100.67 94.67 99.67 8 7.OO
26— 1— >67 115.17 106.93 99.33 106.00 92.17
2— 2— 67 119.83 112.50 104.83 110.67 93.33
9— 2— 67 123.83 115.50 108.50 115.00 100.17
16— 2— 67 127.83 119.50 112.6? 121.67 102.67
23— 2—67 133.33 124.33 116.83 127.33 109.67
2— 3— 67 137.33 131.50 121.33 134.00 114.50
9— 3— 67 139.33 154.33 125.03 136.00 117.67
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Appwnrsnca of disease sarotOMi

Tha amber of dsya taken for tho appearance of syaptcsas in 
tb» diseased plants under various treatments are giv« in T&blo YI* She 
ntmber of plenta infected in the treatment* 1, 2, 3, 4 end 5 were two, 
one* fire, four and five respectively* Treatment 2 appeared the beet 
with only one out of six pi out a infected, followed by tho ocntrol with 
two infected pleste* Treatment# 3 end 3 bed tho niaaber of five
plants each end treatment 4, four*

The nmber of days token for infection varied from 3$ to 50, 
except for treatment 5 in block 1X1 which shewed sysptcm* 122 days after 
inoculation*

Dio case gytaptoca in daughter suckers t

All tho suckers of dieeacod plants showed oynptoas of primary 
infection* Suckers of healthy plants remained healthy* Suckers appeared 
to emerge earlier end In larger ambers in diseased plants*

Hatrlent content of eolli

Samples of original soil were collected before airing with 
fertilisers and secondary nutrients* Cn the date of inoculation, soil 
samples froo all treatments of the sixth replication were collected. 
Chmzicol analysis of soil was done for nitrogen, potassium, calcium and 
nagneoiua. The data cn the nutrient status of soil ore given in
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wwr.B TT

Huaber of days tnken for tha appearance of disease eynptoaa 
after the release of aphide

Ratio of CaOiMgO
0 3»1 6»1

Blocks  —  ........ . —  ............... ...■■— ■i
Lerels of H«0 In percentage

0(H) 0.05(12) 0.10(33) 0.05(34) 0.10(15)

I n H H 33 39
II H Q 36 57 50
XII H B 39 H 122
IY 50 39 38 n 57
T 39 H 37 38 36
n H H 57 42 H

H - Healthy plants
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TABL8 TO

R itrle a t content o f o rig in a l s o il and the tre a tn m ts  
during f i l l in g  p its

O rig inal
s o il

R atio o f CbOi MgO
B utrien t 0 3*1 6«1

0(T1)
Laval o f KgO In  percentage 

0.05(52) 0.10(T3) 0.05(T4) 0.10(15)
I 0,0862 0.1042 0.1042 0.1042 0.1042 0.1042

*2° 0.1664 0*2400 0.2480 0.2460 0.2460 0.2480
CaO 0.0515 0.0815 0.2315 0.J815 0.3915 0.6815
KeO 0.0623 0.0623 0.1123 0.1623 0.1123 0.1625

CaG/lSgO 1.5082 1*3082 2.0614 2.3506 3.5971 4.1990
C«04Kfi0/Xg0 0.8642 0.7452 1.3863 2.1926 1.9911 3.4024

TABLE T i l l

nutrient content of so il on the dato of Inoculation 
(Sxprossad no percentage on oven dry twain)

Eatio of CaGiKgO

0 3*1 6*1
Hutrient

Loval of UgO in  percentage
0 (T1) 0.05(22) 0.10(T3)l 0.05(T4) 0.10(S5)

B 0.0810 0.0688 0.058? 0.0681 0.0500

S.0 0.1397 0.1848 0.2259 0.1561 0.1212

CaO 0.0439 0.0533 0.0933 0.1067 0*1600

BeO 0.0524 0.1024 0.1524 0.0952 0.1476
c«o/Keo 0.8359 0.5205 0.6109 1.1203 1.0840

coo+agO/kgO 0.6336 0.8425 1.0877 1.2954 2.5319
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There was a narked decrease In nitrogen content of soil 
four months after pleating, Tho percentage of nitrogen came down fron 
0*10 in the beginning to 0,03 in control and to 0*05 In treatment 5* 
Analysis of soli on the date of inoculation, four months after planting 
shaved a decrease in nitrogen content of soil with increasing enoimta 
of calcium end ragnotitaa application, Hitrogen content was highest 
in the control and the lowest in treatment 5, She levels of magnesium 
had influenced the nitrogen status of soil sore than that of calcium. 
Increasing the level of megnesiun frc® 0*05 * 0*10 per cent markedly 
reduced the nitrogen content frcm 0,0661 - 0.0587 par cent, The 
influence of the various levels of calcium was found to be slight. The 
ratio of CeO/kgO did not seem to have any influenoo on the nitrogen 
statue of aoll,

A reduction In potash content was observed four months after 
planting. It decreased from 0,25 P«r cent In tho beginning to 0,25 
per cant in treatment 5 and to 0,12 par cent in treatment 5, The potash 
content showed higher values with increasing amounts of calcium and 
magnesium application upto a level, on the date of inoculation. A 
narrow CoO/KgO ratio increased the potash statue and a wider ratio 
tended to reduce the same, Treatnflct 5 which received tho higher levels 
of CaO and MgO in the ratio 6t1 recorded lower status than even the 
control.

A narked decrease in calcium content was observed in tho oaaa 
of c&lciun four con the ef tor planting, The percentage of calcium oxide



cast down ffco* 0.0 0 to 0*04 in the control and fro* 0*68 to 0*16 

in bseatnsat 5* Analysis of moil an the date of Inoculation four 
months after planting shoved an increase in oaloiun oontant with 
Increasing levols of application. Sraataant 5 shovsd the highest 
value of 0 .1 6 par cant and tha control, tba lowest. For tha sane 
lavala of calciw application, calcii* content m s  found to ha 
higher whan tha level of Bagnooiim was lover. Tha ratio of 
Ca£0(gO does not Man to have any affaot on tha oaloitn status*

The dacraoaa in content of nagnaaiua four Booths after 
planting hod not b o m  as aarlced os that of oaloiun and potaoolia.
It coaa dovn fro* 0*06 par cant at tha time of planting to 0*03 in 
tha control and froa 0*16 to 0*13 in treataant 3* As in tha case of 
oaloiun, tha oontant of w^nssiun followed tha ease pattern aa that 
of application an tha data of inoculation. Treatment 3 showed tha 
highest aaount of 0*13 par cant MgO followed by treatment 3 with 
0*148 per cant. The nsgnealisi contant in all tha other tre&tacnts 
wore lovar* For tho ocna lavala of application, aagnaeiiE oontant 
was found to bo lover with higher lavala of calciun application.
T&e ratio of C«0/ag0 do«a not appear to ehcw any affect on tha 
acgnasiua content*

' Tha ratio of CaO/UgO came docn to relatively vary lew values 
four non the after planting* From 1.31 and 4*19 in treatments,! and 5, 
tha ratios decreased to 0*32 and 1.03 respectively. On the data of



inoculation* treatment 4 shoved the highest CaO/fc&O ratio of 1*12. 
Treatment 5 showed tho naxt lower value followed by treatoaits S end 2. 
Higher ratios vara shown by treatments of ratio 6i1 as covpared to 
thoaa of 5*1 ratio and tho control. The data on tha CmO/Mqo ratios of 
tha various treatments on tba data of planting and on tha data of 
inoculation srs given in Tables YII and VIII respectively.

Tha decrease in tha calcium oxide plua aagnaaiua oxide/ 
potasolun oxide ratio on tha date of inoculation oa coapsred to that 
in tha beginning* eventhough Barked, bod not been aa much oa that of 
caloluv oxldfl/nagneslua oxldo ratio* It caaa down free 0*75 to 0*69 
in tha control and fro* 7*40 to 2*54 in treatment 5* Tho ratios of 
tba various treatments on tha data of inoculation ranged from 0*69 

in the control to 2*54 In trwetaant 5# Treatment 4 which raoaivad 
calciua oxlda and nsgneaiua oxide in tha 61I ratio at tha loser levels 
recorded the value 1*29 followed by traatoenta 3 am 2* Control 
ahoved the lowest value. As in tba caae of oalcitxa oxide/angneslixi 
oxide ratio* tha ratio of calolue oxide plus asgneniun axidt/potasolun 
oxide also waa highest for treatments of cnlciuu oxide find Bagnosiix* 
oxide application in the ratio 6i1, followed by those of 3*1 ratio.

ffutrinnt content of loaf samples.
Hltro/rana

It was observed that there woe a gradual decrease In nitrogen 
content of leaf aaoples with tine* in all the healthy plants. The ease
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trend tmo noticed in the Infected plonto also, till tho date of 
appearance of symptoms. The nitrogen content showed on increase 
after oympton expression*

On 4-1-19£7> one month before inoculation, treatment 2 
shoved tho highest content of nitrogen in lcavoo followed by the 
control vhereas treatment 4 ehoved the lowest percentage.

On tho date of inoculation, control plants showed the 
highest value of nitrogen followed by treatment 2. Treatment 5 

shoved the lowest value of 3*39 per cent.

One month after inoculation, control plants had tho 
highest percentage of nitrogen. Treatment 2 shoved the next 
lover value and treatment 4» the least. During the next month, 
infected plant of treatment 4 shoved the hi ghost value of nitrogen 
followed by treatment 2 and then by the infected plant of 
treatment 3.

Tho data on tho nitrogen contents of leaf samples ore 
given In Tablo IX.

Potassium

A gradual decrease in potash content w as noticed with 
time in the control plonto. It was found that the CoO/ligO ratio 
influenced the potash oontent of plants mors then infection of 
viruo or the levels of caloium and nognesium application.
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Nitrogen content of leaf saaplea 
(Srpretuod as p®rc«nt«se on on& dr? basis)*

?A3LB IX

jj^t ̂  Healthy plants Wsesssd plants
S J l w * .  Eatlo of CaOiKgO E a t io  of CaOiSoollwtion Q Jt1 6f1 ?11 (

L m l  of KfO In p*rc»t*£* Lorel of MgO In percentage
0 ( « )  0,05(T2) 0.10(T5) 0.10(T3) 0.05(T4)

4-1-67 3*6189 4*1003 3*4167 3*5724 3*3317
4-2-67 3*6262 3*5262 3*3995 3*4657 3*4291
4-5-67 3.64B3 3*4808 3*3481 3*4701 3.3365
4-4-67 3-4137 3*6386 3*4643 3-4992 3.6502

BM-2S
Botash content of loaf samples 

(Esprsasotl as percentage on oven dry basis)

Hs&lthy plants Diseased plants
Ratio of CsOiKgO Eatio of CaOiKcO

Cats of 
ssapls 0 3*1 61I 3«1 6»1
collection Lavsl of Kg0 In percentage Larel of MgO In parcoctags

0(H) 0.05(12) 0.10(T5) o.ioC^) 0.05(T4)

4-1-6? 6.8550 5.5700 6.4000 5*7520 5*5550
4-2-6? 6.5069 5*8400 5*6710 5*7345 6.1045
4-3-67 6.5327 7.2400 6.9922 6.7442 7*6950
4-4-67 6.1805 5*6850 5*5026 6.5150 6.9019
4-5-67 6.2028 6.6427 4*5972 7*4448 5*8418
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Steoateaente 2 and J, which had received CeO end IfgO in  the ra tio  

?i1 □hewed an Increase in  potash content in  tho e a rly  and la te r  

otogas w ith a deolino two months a fte r lnoeulatien. In  treatments

4 and 5» o f CsO/ifeO ra tio  6d1, the increase was noticed only in  

the e a rly  stages*

On 4- 1- 1S67* on* month baforo inoculation, control plant 

showed the highest percentage o f potoeaiun in  leaven* Treatwent

5 chewed the next lower value* Treat»ente 3 sad 4 which la te r  

took in fe ctio n  had also et e in ila r  values lower then ths former two*

A nalysis on the date o f inoculation a lco  chowed the highest 

value o f potash fo r the control followed by treatment 4* Treatment 5 

ohowed tdie lowest content o f potash in  leaveo, the noxt higher 

being that of treatment 3*

One south a fto r inoculation, fcreatcait 4 which expressed 

eyaptoei o f In fe ctio n  42 day a a fte r inoculation, hod tho highest 

content o f potash, 7*69 per cent* This woe followed by treatments 

2, 5 and 3 in  the decreasing order* Control plant3 showed tho 

lowest potash content*

Two months a fte r inoculation, both the infected plants 

ohowed the highest potash content. Treatment 4 had the wnxlMin 

content In  leaves follovrad by treatment 3* Control plant which 

oaaa next was followed by treataants 2 and 5 in  tho order*
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Euring the next sooth, infected plant of troatasnt 3 

had ehoen tha highest potash content of 7*4? P«? cent. Tbs content 
in infected plant of treataent 4 dropped to 5*84 psr cent which wss 
loser than those of treatment 2 end the control* Treatment 5 showed 
tbs lowest value* (

Infected plant of treatment 3 which showed sysptoss 
37 4aye after inoculetlon showed cn inaroese in potash content In 
the beginning* It Inorenscd frcs 3*73 - 6*74 par cent, one south 
after inoculation* The content of potassium shoved a decline two 
conthe after, whloh ngain increased to 7*44 per cent three rtonths 
after Inoculation* Treatment 4 which expreaced eynptons of the 
disease 42 days after inoculation also hod the highest content 
of potassiun ana nonth after inoculation which went on decreasing 
later*

The data cn potash content of leaf sample are given In
Table X.

Oaldust

Thera was a gradual decrease in caloius content of 
loaves of all the healthy plants except in trsataent 3 whore there 
wen a drop one nonth of tor inoculation* In the ease of treatnsnt 
3 which expressed syuptoes 37 days after inoculation, there was a  
gradual decrease in calciin content till the date of Inoculation.
It showed on Increase one sonth after, which later dropped to the
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lowest value 0*56 per cent during the cast month. Thera was an 
increase to 1.24 par cent one month later* Almost the oana trend 
was noticed in the case of treatment 4* which showed symptoms 
42 days after inoculation* There was a gradual decrease till the 
date of appearance of symptoms. The lowest value, 0*43 per coat 
was ohoin two months after inoculation* 'There woo an increase 
during the next month to 1*23 Per cent CnO.

The calcitn content of leaves followed almost the came 
pattern ao that of calcium application. Calcium content was lowest 
for the control plants at all stages except in tho case of infected 
plants, which showed the lowest values tno months after inoculation. 
Before inoculation and on tho date of inoculation, for the same 
levalo of calcium application, percentage of calcium in plants wao 
ulwayw higher In treatments of lower magnesium application*

One month prior to inoculation, treatment 5 showed the 
highest calcium content in leaves followed by treatments 4,2 cad 
3 In the order* Control plant had tho lowest content of calcium*

The same pattern as above continued during the date of 
inoculation also, being in tho decreasing order 5, 4, 2, 3 end 
control*

On 4-3-1967, ©»* month after inoculation treatment 3 
showed the highest content of calcium followed by treatment 5* 
Treatment 4 end 2 cam© next, tho control plant chewing tho lowest 
percentages.



Galeita content was highest for treatment 5 two ucatha 
after inoculation, nils was followed by treatment 2* Control 
pleats showed the next lower value, 0*64 per cent CaO* Leaves of 
diseased plants showed lower values of oalciua, lower than that of 
control. 'Treatzaant 3 analysed to 0.56 per cent CaO end treatment 4f 
0*4? par cant.

On 4-5-1967, three Booths after inoculation, 
treatment 5 shaved tho highest caloiun content. Infeotcd plants of 
treatments 3 and 4 ocas nest with 1*24 and 1*23 par cent CaO 
respectively* These were wuch higher compared to the caloitai content 
of treatment 2 which hod 0*65 P«r cent CaO* Control plants showed 
the lowest percentage of 0*53 CaO.

The data cn the calcium content of leaves for tho 
different periods are given in Table XX*

Mqsmesluai

In contrast to caloiun, thero was a tendency for on 
increase In angneeiuia content with tine* In the healthy plants, the 
percentage of VgQ, which hod hsen on tho increase till the date of 
inoculation, dropped to very low values two months after inoculation. 
The highest magnesium content was observed throe Booths after 
inoculation* The manm trend was noticed in th* dlaeaaed plonte also*
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TABLE XI
Calcium oxide content of loaf samples 

(Expressed as percentage on oven dry basis)

Healthy plants Diseased plants

Bate of Ratio of CaOiXgO Ratio of CeO iKgO
oonplo 0 3 H 6i1 3 H 6 » 1
collection

Level of HgO In percentage Level of L'gO in percentage
0 (T1 ) 0.05(T£) 0 .1 0 (1 5 ) 0.10(T3) O.Q5(T4)

4-1-67 0.?450 1.6800 1.8200 1.3300 1.7500
4-2-67 0.9500 1.0500 1 . 1 9 0 0 0 .9 8 0 0 1 . 2 6 0 0

4-3-67 0 .8S0 0 0.9067 0.9878 1.2800 0.9067
4-4-67 0.6400 0.8789 1.6534 0 . 5 6 0 0 0.4267
4-5-67 0.5333 0.6533 1.5467 1 . 2 4 0 0 1.2267

TABLE m
Magnesium oxide content of lccf samples

(Expressed os percentage on oven dry baslo)

Healthy plants Diseased plants
Hatio of CcGtUgO Ratio of CaQiUgO

Late of
saaplo
collection

0  2 * 1 6 11 3*1 6 l1

Level of HgO in percentage Level of HgO in percentage
0 (T1 ) 0.Q5CT2) 0.10(T5) 0,10(T3) 0.05(T4)

4-1-67 0.5143 0.7999 0 . 7 8 1 0 0.9523 0 .9 0 4 0

4-2-67 0.8572 1.3095 1.0239 1.2582 1.0477
4-3-67 0.5619 0.5619 1.1049 0.9905 1 . 0 6 6 7

4-4-67 0.3040 0.0476 0.8191 0.5282 0 .6 0 0 0

4-5-67 0.9762 1.0095 1.1809 1.2572 1.1715
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In treatment 3 which showed oyaptcao 37 days a fte r Inoculation, 

tho content o f mgneaiuai decreased t i l l  two months o f to r 

inoculation a fte r which i t  increased again* Xho sens tremd was 

noticed In  trcateont 4 alao, which nliouod symptoms 42 days a fte r  

inoculation* Tho lowest content of magnesium in  th is  oaso waa 

recorded two months a fte r inoculation*

Ao in  the case of calcium* magnoolusi content also  

followed tho came pattern aa that of application* Uogusaiun content 

was lowoot fo r the control plants in  a l l  cases* Before inoculation  

and on tho data o f inoculation* fo r tho demo le v e ls  o f ap p licatio n ! 

aagnaalua contents o f plants were higher in  plants that received  

lowor calo iu a application*

On 4-1-1967* one month before inoculation highest 

magnesium content was recorded by treatment 5 with 0*95 par cant 

follow ed by treatment 4* Ereataont 2 and 9 bad lower contents 

in  the decreasing order and the control plants had the lowest*

On the date o f inoculation treatment 2 showed tho highest 

mn-raeciua content followed by treatments 3c 4» 5 and control in  

the order*

Treatment 3 ehowod the highest content o f magnesium in  

leaves one nonth a fte r inoculation* treatments 4 end 3 bod lowor 

values and troatccnt 2 and control* the lowest*
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to 4-4-1 9 6 7, two nonths oftor inoculation, treatment 

2 had tho highest ongncsius content followed by treatment 5* 

Infected plants of treatments 4  and 3 shoved very low values of 

■agneoiua, 0 . 6 0  and 0 * 3 3 par cent reopootivoly. The content in 

tho control plants wore still lotror, 0.31 per cent.

During the next month, on 4-5 - 1 9 6 7 nlao, treatment 5  

cnalyocd the highest content of Begncsiun, This was followed 

by treatments 3 » 4 » 2 and control in the order.

The data on tho magnesium content of loaves aro given 
in Tablo XII.

Calciun oajdo/maanoBlaai oxido ratio8

Tho ratio varied frca 0*55 to 2*33 during tho period of 
observation* 5ho ratio did not appear to follow any dofcnito 
pat tom with treatments or with time.

to 4-1-1 9 6 7 , one month prior to inoculation oil tho 

plants showed ratios more than one. Treatment 5 showed the 

highest value of 2 * 3 3 followed by treatments 2 , 4 * 1 and 3 in the 

order. The plants of treatments 3 nnd 4» which later got infected 

showed values, 1 . 3 9  end 1 . 9 3  respectively.

On tho dafco of inoculation also, treatment 5 showed 
the liigheat value of 1*16* Treatments 4 and tho ccntrol hed
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values 1*20 end 1.14 respectively* Ratios of treatments 2 end 5 
were much lower, being 0*00 end 0*79 respectively.

One month after inoculation, treatment 2 had tho ratio 
1*61 followed by control with 1.57* Treatment 3 which showed 
oynptcrao of infection 37 days after inoculation showed tho value 
1*29* Treatment 5 had the valuo 0*69 and treatment 4, 0*03* This 
woo the lowest.

Control plants showed the highest value tuo months 
after inoculation followed by treatment 5 with a ratio of 2*02*
Tho ratios for treatmento 2 and 3 were lower than treatment 5* 
end treatment 4 hod the lowest value of 0*71.

On 4-5-1967, throe months aft or inoculation, treatment 
3 showed the highest value of calcium 03d.de/ELagnooiu1a oxide ratio 
followed by treatment 4* Control plant showad tho lowest value 
0.5 5, those for treatments 2 and 3 being clightly higher*

Tho data on the calcium oxlde/magnesium oxido ratio 
for tho different treats onto axe given in Table XIII*

Calcium oxido plug nswnoalum oxide/potassium crd.de ratio 1

In tho healthy control plant, the value of CaQ + HgO/
KgO ratio increased from 0*21 to 0*20 on the date of inoculation*
There had been a gradual decrease thereafter and the lowest valuo 0*13



TABLE XIIX
Caloius Oxidv/nagnesiua oxido ratio in the leaf

£&to of
oanplocollection

Healthy plants Diseased p lan ts
ratio of CoOiMftO 

0 3*1 6«1

Lovel of HgO in percentage 
0(T1) 0.05(22) 0.10(25)

Eatlo of CoOtUgO 
3i1 6(1
Level of MgO in percentage 
0.10(23) 0.05(24)

4-1-67 1.8574 2,1002 2.3303 1.3966 1.933S
4-2-67 1.1432 0.6011 1.0622 0.7913 1.2027
4-3-67 1.5661 1.6136 0.6941 1.2922 0.8500
4-4-67 2.0597 1.0569 2.0185 1.0594 0.7112
4-5-6? 0,5463 0.6472 1.3098 0.9864 1.0471

TABLE XIV
Caleiuaa oxide plus aagneolua oxido/potasaiua oxido ratio In tho loaf

Bate of
sanplccollection

Healthy plants Picsased plants
Eatio of CaOitlgO 

0 5*1 G*1

Level of Vgo In percentage 
0(21) 0.05(22) 0.10(25)

Eatio of CsQrlegO 
3*1 6b1
Level of t%0 in percentage 
0.10(23) 0.05(24)

4-1-67 0.2135 0.4515 0.4064 O.3968 0.4777
4-2-67 0.2224 0,4040 0.3904 0.3868 0.5780
4-3-67 0.2190 0.2028 0.2953 0.3367 0.2565
4-4-67 0.1529 0.3037 0.4663 0.1724 0.1483
4-5-67 0.2434 0.2503 0.5502 0.3334 0.4105
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van recorded faro months after inoculation* It rose to 0*24 during 
the next month* In treatment 2 which hod received the lower level 
of calcium end magnesium in the ratio 3*1 and which recoined 
healthy, there had boon a drop in ratio from 0*40 to 0*20, one 
ncnth of tor inoculation* During tho next month, the value laoroaosd 
to 0*30. In treatment 3 of CeO end MgO in 3s1 ratio at tho higher 
levels, whioh allowed symptoms 37 d&yo after inoculation, tho ratio 
dropped to 0,17 two months after inoculation from 0*34* It again 
rocG to 0*34* three months after inoculation* In treatment 4, which 
esprecced symptoms 42 days after inoculation there had been a gradual 
decrease in tho ratio frctn 4-1-1967* On© month of tor inoculation, 
it dropped to 0*26 from 0*38. A sudden drop to 0*15 was recorded 
two months after inoculation, which again roao to 0*41? tho next 
month* In treatment 3 which remained healthy, there had been a 
drop one month after inoculation to 0*30 from 0*39* It roeo to 
0*47 months after Inoculation and to 0*35 the next month*

The ratio ehowod on increase with increasing levels of 
calcium and magnesium application, excepting the plan to whioh took 
infection* In other cases, tho control plants had the lowest value.

One aonth bofor® inoculation, control plants showed the 
lowest value, t&reatmant 4 had tho highest value of 0*48 followed 
by treatments 3, 2 and 3*

On the date of inoculation, treatment 2 had the highest 
value followed by treatment 3* Treatments 3 and 4 which showed
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oynptcas of Infection 37 end 42 days after inoculation luid lever 
values 0*39 and O.JO respectively* Control plants showed tho 
lOVGDt value of 0*28.

Gna nonth oftor inoculation, treatment 3 showed tho 
highest valuo of 0*34 followed by treatments 3, 4 end 2* Control 
plant showed ths lowest valus of 0*2 2*

On 4-4-1967, two ccnths after inoculation, troataaat 
5 had tho highest valuo of 0*47 followed by troafcasat 2 with 0 *3 0* 
Treatments 3 and 4 bed very Ion valuo a 0*17 and 0*19 respectively* 
Control plant ahowed tho value 0*13*

Throe non tho after inoculation, treatment 3 had the 
highest value 0*5 3» followed by treatment 4* Treatments 3* 2 end 
control hod lower values.

Tho data on tho calcium or id a plus magnesium oxide/ 
potassium oxide ratio or» given in Tablo XIV*

ITatrient contsnt of root eaaplea.

nitrogens
Thera had been a decrease in nitrogen content with tine 

in tho control and also in treatments that received calcium oxide 
and cngnooiica oxide in the ratio 6s1. Those that resolved the 
nutrients in the 3*1 ratio showed high percentages of nitrogen on
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ths dato of inooulatlcn which decreased gradually later* In tho 
inTeoted plants, thors appeared to ha a lowering In nitrogen 
content after appearance of oynptceio*

On© nonth prior to inoculation, treatment 5 showed the 
highaot content of nitrogen in roots followed by the control* 
'Treatments 2, 3 «nd 4 correspondingly lower values*

Cn tho data of inoculation, treatment 2 hod the highest 
content of nitrogen in roots followed by treatment 3 which lata? 
ehowod synptcna of the ditsaoc. Troafcenta 4 and 5 which had 
received calcium oxide and eagnoaira oxido in tho ratio 6#? allowed 
lower percentages*

Cn 4-3-1967, one conth after inoculation, treatment 2 
showed the highest value follcwod by treatments 3# 1, 4 end 5 in 
tits order*

Two months after incoulation, treatments 1 and 3 showed 
the highest values followed by treatments 2, 4 $nd 5*

®he data on the nitrogen content of root camples aro 
given in Table XV*

Potassium
Aa ogminot a lowering in potash content in losvos, ths 

root* »hom?d a tendency towards cn accumulation of potaesitra with tics.
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TiaiiB xv 
Nitrogen content of root oaoples 

(Ebcpreosod as percentage on oven dry basis)

Healthy planto Diseased plants
Ratio of CftOî gO Ratio of CsQ* EgO

Bate of 0 3i1 6t1 3*1 6*1
collection Level of £g0 In percentage Level of UgO in percentage

0(H) 0.05(12) 0.10(T5) 0.10(13) 0.05(14)
4-1-67 2* 0 4 0 2 1.6424 2*0542 1.5963 1.4568
4-2 - 6 7 1.7628 2.4677 1.7475 2.2914 1.9995
4-5-67 1.5375 2.1666 1,2418 2*1198 1.5412
4-4-67 1.5924 1.1538 1.0454 1.2910 1.0458

TABLE XVI

Potash content of root couples
(Esproooed as peroeuia&e on oven dry basic)

Healthy plants Diseased planto
Ratio of CgO i^gO Ratio of CaDiligO

Date of
nftr^l /a

0 3 H  6i1 3»1 6*1
collection Ur/al of Kjgq in percentage Level of UgO in percentage

0(T1) 0*05(12) 0*10(15) 0 .1 0(1 3 ) 0.05(14)

4-1-67 5.4332 0*3512 6.7232 7.0225 6.5791
4-2-67 5.1420 6.7223 6.4227 6.7030 6.2872
4-5-67 5.774? 8.0720 7.0321 7.1003 5.2780
4-4-67 6*7666 7*4683 0*0258 10.8265 7-7588

!
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A Crop In potash o on tent fro* 6.29 to 5*28 was recorded in treatment 
4 which shoved oynptcoB of infootion 42 days after inoculation*

In dcost all eases* the control plants shoved tho loveot 
valuo of potash in roots which rcaainod more or lees qtoady throughout*

On 4-1-1967* one aonth before inoculation treatment 2 showed 
the highest value of 6*85 followed by treatment 3 with 7 .0 2 par cent, 
Treatment* 5 and 4 can© next and control plants shooed the lowest 
value of 5*43 par cent*

On the dnto of inoculation, tho osno trend os above followed 
with control plant* shoving tha value 3*14 per cent KgO in roots*

The same pat tom ee above followed on© aonth of tor. with 
treatment 2 analysing 0*87 per cant potash and treatment 3. 7*10 per cent* 
The lowest potaeh content 5*20 per cent vcs shown by the infected 
plant of treatment 4*

Two Doaths after inoculation, treatment 5 ©bowed tho 
highest content of potassium In roots with 10*83 per cent potash*
This was followed by treatments 5* 4 and 2 in tho order* Control 
plants shoved the lowest valuo of 6*77 par cent*

The result* of chcnioal analysis on potash content of 
roots ore givon in Table XVI.
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Calcium

The calcium content of roots tended to inoreaso with 
increased application, 'The control plants shooed tho lowest values 
In oil coses except tho diseased plants of troatr.cnto 3 end 4* For 
tho plants which received tho some level of calciua, tho percentage 
In tlie roots was higher for tho plant* which received the lower level 
of magnesium* 'This was altered after tho inoldence of tho disease*

'The percentage of calcium in roots ras&lned moro or less 
steady throughout in all the healthy plants excepting treatment 2 
which showed a lowering two nontho after lnoaulaticn. In the caso 
of Infected plants* tho asms trend as that in leaves was noticed*
There had bean a drop to very low values two months aftor Inoculation,
In treatment 3 which expressed aymptcan 37 days after Inoculation* 
there had been a slight increase in caloiun content from 1 *40 to 1 *33 
per oent one month after inoculation* luring the next month it 
dropped to 0*91 P«r cent. In treatment 4* the highest content of 
calcium oxide* 2*33 pan cent was recorded on the date of inoculation*
It dropped to 1*01 per oent one month after inoculation* end to 
0*75 per cent during the next month*

One month before inoculation* treatment 4 shoved tho highest 
value of calcium* 1*52 por cent followed by treatment 2 with 1*43 cent* 
Treatments 3 and 5 showed 1*42 per cent each* Control plant shoved 
the lowest calcium content of 0*93 per cent.
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On Uia data of inoculation also, tbs onae pattern followed 
with treatment 4 shoring the highest valuo, 2*33 por cent end the 
control the lowest*

One month after inoculation! treatment 5 analysed the 
highest percentage of caloiun 1*37 per cent, followed by treatment*
3 and 2* Treatment 4 which ohonod symptoms of infacticn 42 days  
after inoculation had the lowest value, 1.0 1 per cent which woe lower 
than the control* Treatment 5 showed tho highest percentage of 
1*36 CeO two months after inoculation* Infected plants of treatments 
3 end 4 showed lower values, lower than the control*

The data on calcium content of roots arc given in 
Table XVII.

Itofmeolmat

Tho nagnsBitaa content of roots did not appear to follow 
any defcnite pattern though thora hod been fluctuations with tine*

The values varied from 0*36 to 1,43 P®r cent, Tho 
highest magnesium content woo recorded by treatment 3 which received 
Cat) and ISgO in the ratio 3*1 at the higher level of magnesium* The 
lowest percentage in almost all coses wore recorded by treatment 3 
which also received 0*1 per cent nagneaitm oxide* For the same levelc 
of magnesium* tho higher c ait on to in roots wore shown by the treatments 
which received the lower levels of calcium*



TABLE m i
Calciun oxide content of root samples 

(Espracocd os percentage on oven dry tools)

Hoaltty plaits Mncasod plants
Ratio of C&OtHgO Ratio of GaOiHgO

©at© of 0 3*1 6i1 3H 6i1
eosplc
collection Lovol of KgO In percentage 

O(Tl) 0.05(22) 0.10(T5)
Level of IfeO in percentage 

0.10(15) 0.05<T4)

4-1-67 0.5326 1.4327 1.4220 1.4227 1.5224
4-2-67 0.6400 1.6700 1.4000 1.4000  ̂ 2.3300
*-3-67 1.066? 1.3334 1.3692 1.5263 1.0134
4-4-67 0.9600 0.6933 1.3534 0.9067 0.7467

\
v

TABLE XVIII
t '>

JfngnaeiuB oxide content of root camples ' 
(Expressed as percentage on oven dry basis), ^

Healthy plants Slscoacd plraitB
Ratio of CaOellg0 Ratio of CaOtUgO

Hato of 0 --3*1. 631 3*1 6i1
collection Lovol of lagO In porcentcgo Lovol of EgO in parceatfl&a

0(T1) 0.05(5®) 0.10C23) 0.10(23) O.G5(?4)
4—1—67 1.0029 1.3629 0.7661 1.3612 O.S9S3
4-2-67 0.5713 0.6349 0.5239 1.3335 0.5175
4-3-67 1.1429 1.2699 0.6627 1*4333 0.9905
4-4-67 0.3619 0.7429 0.5524 1.0667 0.6000
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On 4-1-1967» ono nonth boforo inoculation, tbe highest 
Eagneaiua content we* recorded by treatment 2 followed by treatment 3. 
Tho control plant con* next with 1 *00 per cent ungneaiisa oxide* 
Treotaento 4 and 5 had lower valusa or 0*99 and 0*76 per cent 
respectively.

Cn tho dnto of inoculation* trcafcaant 3 which showed 
ojaptono of infection later, hod tho highest content of magnesiun 
in roots followed by treatment 2* Control plant analysed 0*57 par 
cent and treatment 9» 0*92 per cant. Treatment 4 which also 
contracted the disease recorded the lowest value 0*92 per cent*

One month after inoculation* treatment 3 had tho highest 
percentage of EagnaaiTCn, 1.43* Treatments 3, 1 and 4 had lower 
valuea. Treatment 9 had the lowest valuo of 0*66 per cent*

Two conths offcor inoculation, infootod plant of treatment 
3 showed the highcat value of 1*07 per cent followed by treatments 
4t 2 and 5 in tho order* Tho lowest valuo 0*36 per cent wao ehewn 
by tho control*

The data on the nagncsiun content of root canploa are 
given in Table XVIII.

Cololua oxide/cornealum oxldo ratio t

In all tho hoalthy plants, there hod boon a tendency 
towards an increase in value of CaD/MjrO ratio with tine* In tho 
control, it increased froa 0*9S one month before inoculation to
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2*63 two months oftor it* In treatment 5, the value roao to 2*67 
free 1*66 on the date of inoculation, It dropped to 2*07 ono month 
after Inoculation, Thcro was a rina to 2*45 during the next month. 
Treatment 2 stowed en increase from 1*05 to 2*95 on the data of 
Inoculation* The valuoa dropped to 1*Q5 and 0*93 during tho norfc 
two months. Troatrsnt 3 which showed symptom 37 days cftor 
inoculation recorded increased values till sycptoa appcarenco. Tho 
highest value* 1*06 was recorded one month after inoculation* There 
was a drop to 0*85 during tho next month* Infected plent of treatment 
4 showed the highest valuo, 4*50 cu the dato of inoculation. Thoro 
had oocn a drop to lower values during the next two months*

Tho values of CcO/llgO ratio varied* in goncrol from 0*93 
to 4*50* The highest value in daoat all cases have been recorded by* 
treatment 5*

One month before inoculation* treatment 5 hod the highest 
value of 1*86 per cent followed by treatucrnto 4* 3* 2 and control in 
tho order*

t

On tho date of inoculation* treatment 4 which chewed symptoms 
42 days after inoculation recorded tho value 4*50 followed by treatments 
2 and 5 with 2*95 and 2.6? respectively. Control hod 1 *47 end 
treatment 5t 1*05*

Ono month cftor inoculation* treatment 5 had the higheat 
ratio of 2*07 followed by treatment 3 with 1*06* Treatments 2 end 4
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hod values 1,05 and 1,02 respectively. Control plant showed the 
lowest value of 0*93*

Control plant showed the highest value taro csontlis after 
lnoculatlon9 with 2.65. Treatetmt 5 ohowed 2*49 and treatments 
2 and 4, 0*93 each. Trsatnont 3 had the lowest value 0*05*

The data on the calciixa oxide/oogRQoiun aside ratios of 
root sasples are given In Table XTX.

Cole lira oxide nlun nngnosiua oxide/pot&oatan oride ratioi

There appeared to bo a lowering in fcho ratio with tins in 
all the treatments* Treatnanto 3 end 4 which ohos*d oynptcas later, 
had the highest values on the date of inoculation which oeae down 
later to very low valuao. in treatment 5 of CeO and SfeP in the 6i1 
ratiot the values wore fairly high though thoro had been a gradual 
lowering.

The ratios wore highest for troatetonto 3 and 4 till the 
date of appearance of oyaptoca which dropped to the lowest values two 
nontbs after inoculation.

One aonth before inoculation, treatnonte 3 end 4 showed the 
highsnt values of 0.39 each. Traafeenta 1*5 and 2 liod larar values 
of 0.37* 0.33 and 0.32 respectively.
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UBHAVS *

TABLE XIX 
Calcium oxide/magnesium oxide ratio 

in the root

Healthy planta Diseased plants
Ratio of CaOiMgO Ratio of CaOiMgO

Date of 0 3*1 6*1 3i1 6i1
s a m p l e -------— -------  — ---------  —
collection Level of MgO in percentage Level of MgO in percentage

0(T1) 0.0 5(T2) 0.10(T5) 0.10{T3) 0.0 5(14)
4-1-67 0.9799 1.0512 1.8562 1.0452 1.5249
4-2-67 1.4703 2.9450 2 . 6 7 2 2 1 . 0 5 0 0 4.5024
4-5-67 0.9555 1 . 0 5 0 0 2 . 0 6 6 1 1 . 0 6 4 8 1.0231
4-4-67 2 . 6 5 2 7 0.9552 2.4500 0 . 8 5 0 0 0.9354

TABLE XX
Calcium oxide plus magnesium oxide/potassium oxide 

ratio in the root

Healthy plants Diseased plants

Date of
Bample
collection

0
Ratio of CaOiMgO 

5*1 6*1

Ratio of CaOjMgO 
3*1 6* 1

Level of MgO in percentage 
0 (T1 ) 0.05(T2) 0.10(T5)

Level of MgO in percentage 
0,10(T3) 0.05(T4)

4-1-67 0,3655 O.3 1 6 6 0.3255 0.3964 0 . 3 9 5 1

4-2-67 0.2745 0.3577 0.2995 0.4075 0 . 4 2 1 1

4-5-67 0.3827 0.2934 0.2894 0 . 4 1 6 8 0 . 3 7 9 7

4-4-67 0.1954 0 . 1 9 1 8 0.2374 0.1823 0 . 1 9 9 3
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Oq the date of inoculation, treatment a 4 3 had ohown the
higheot values of 0*42 and 0*41 reapaotively* Treatment 2 had tho 
value 0«>6 end treatment 5, 0.29* Control plants showed the lowest 
value of 0-27*

Ons aonth after Inoculation and befors the appearance of 
dlceoao oynptoca, treatments 3 and 4 had values of 0*42 and 0*38 
rsopeotivaly* The ratios for treatments 2 and 5 wore ctill lower*

Sro wraths after Inoculation when the diceaoo symptoms hod 
already appeared, treatments 4 and 3 shoved the lowest ratios of 0*19 
and 0*18 respectively. Treatment 5 had the highest value 0*24 followed 
by treatments 2 end control which bad ratios 0*19 each.

Tho data an tha calcium orido plus loognaoiuM arido/potassium 
oxide ratio of root oampleo arc given in Table XX.

Nutrient content of loaves of siioKersi

Scop-lee roro colloctod froa the aubkaro of all treatments 
on 2£-6-1967 and analysed for potassium, calcium and ongnsoiun. All 
the sasrplco wore taken from infected plants of various blocks*

Treatment 3 of tha fifth replication which showed symptoms 
37 dsyo after inoculation recorded the highest content of 7*5 P«r cent 
potash in leaves* This was followed by the control plant which showed 
synptons 50 days after inoculation. The potash content was
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Nutrient content of leaves of dleeased suckers 
(Etprseeed ap percentage on oven dry basis)

TABLE XXI

Nutrient

niltiO Of CaCiSJgO

0 3«1 6i1
Level of KgO in percentage 

0(71) 0,05(79) 0,10(T3) 0,05(74) 0,10(75)

*2° 6.2754 4-OBS7 7.5042 5.5608 5.7446
GcO 0.4009 0.800A 0.4000 0.2000 0.5334
NgO 1.1072 1.2321 0.8572 0.9524 0.9524

C&O/HgO 0,3615 O.6A96 0.4666 0,2099 0,5601
CaO-tEcO/KgO 0.-2A02 0.4157 0.1675 0.2072 0.2536
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6*20 per cent* Treatment 5 of fifth replication analysed to 
5*75 per cent and treatment 4 of tho otxth replication 5*56 per cent* 
TrwatmGnt 2 of fourth replication uhich. chewed oyraptcoB 39 dayo 
after inoculation enalysjed to 4*09 per cent potash* This uaa the 
lowest*

Treatment 2 which showed evnptosw of disease 39 doyo after 
inoculation recorded the hlgheat content of 0*60 per cent calcium 
oxide fol \oi7cd by treatment 5# control end treatment 3 which hod 
O.5 3, 0 «4O end 0*40 per cent caloiim oxidw rospcctivoly* Treatment 4 

recorded the lowest content of calcium oxide, 0*20 par cent, symptoms 
in which appeared 42 days after inoculation.

IZsgnesiun content af suckers did not wary to any great 
extent between treatments* Treatment 2 showed, tho highest percentage 
of 1.23 followed by tho control. Tho magnesium content in all other 
treatnants were lower*

Calcium oxide/mogncoluo oxide ratio woo highest for 
treatment 2 followed by the control which had 1*23 end 1*11 respectively* 
Treatment 4 had tho lowest value of 0*21*

Calcium oxide plus magnesium oxide/potassium oxide ratios 
of treatments varied from 0*17 in treatment 3 and 0*21 In treatment 
4 to 0 .4 2 In treatment 2* Control plants showed the value 0o24 and 
treatment 5# 0*26*

The data on tho nutrient content of loaves of suckers are 
given inTablo XXI*
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flaulaltro of calcluo carbonate and gspjicsiun carbonatoi

Tho «Buloica pccted on tho plant* of oil the treatxente of 
tho sixth replication did not brlns out any off act on infection of 
vlzuv* Trcatnmt* 3 end 4 ahovcd eyrptOEs 37 end 42 dayn after 
inoculation whilo tho other throo plants re»ain*d haolthy.

'f



DISCUSSION



"i
s §* 
¥> 

| 
I 

* 
2

g 
|

2
 

I

f 
i

M s 
*

I a 
ft 

» 
5f

I 
i

o*̂ jo tcoTOvatqooo eysia&oatf&a ws ptm voetaq ;o ocscarp

tw tH tea m la ID ItO |h IO la



6 8

The precmt studies were undertaken ao a continuation of the 
work of Shir and George (1966) under c*si-fi«ld condi tione* Caloitm oxide 
and tttgnseiui oxide were applied in the ratios 3*1 and 6*1 at the two 
levels of aagnsaius to study their affaota on the incidvice of tha 
disease* The treataant eupplying ealoiia oxiSe and aegnoeiiai oxide In 
tha ratio of 3*1 at tha lower level of aagntaitai appeared tha haat vith 
only one out of tha alx plants infected, followed by tba control with 
two infeoted plants* In treatments of 3*1 and 6*1 ratioa at tha higher 
levels of aagneslua, mariWM nuaber of diseased plants, fivw each waa 
no tad* Four diseased planta ware observed in tha treatasnt of oalclun 
oxlda and asgnesitai oxide application in tha ratio 6*1 at the Iona? laval 
of oagawslis* Thera had also been not ouch variation in tha swbar 
of days taken for infection* Tha variation in results in tba present 
studies an coqparad to treataents under o strolled end culture 
txperlaenta say Indicate tha influence of various uncertain fee tore 
affecting tha caleiu* to aagneeiua ratio in tha nutrient nadiuai end 
within tha plant tissue* Another uncertain factor la tha variation 
in the concentration of tha Insect inoculua* The nuafbar of aphids In 
tha study waa 23 on c copared to 20 and 100 in tha works of Bair and 
Hllai (1966) and Bair end George (1966), respectively* Tbs absorption 
of tha nutrients did not follow cny dofenite pattern in contrast to tha 
work of Hair end Pillal (1966)* This say point to tha unpredictable 
nature of abaosptiaa of mtrivita under eeni-field conditions as 
observed by Bair end Georgs (1966)*
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Hltrcavn content of coll and absorption by plwitai

A narked decrease In nitrogen oontent of soil was observed on 
the date of Inoculation four taaothe after planting. Analysis of soil 
on ths date of inoculation shoved a decrease In nitrogen contwit of 
soil with inoroaning levela of caloiua and aegnieiu* application, 
level of aagaesliai appeared to influence the nitrogen contact nor# than 
that of calciua.

The ewe trend as In soil nitrogen was ob*erred in the 
nitrogen content of leaves also, the lowest percentage of nitrogen 
being observed at tbs highest levels of calciua end aagnaeiua application* 
A gradual decrease in nitrogen content of leave* was observed with tioa 
in all the healthy plants* The sane trend was observed in the plants 
which showed eysptoms of infeotlos till the data of appearance of 
spBptows* The nitrogan content wia lowest for tho healthy plant which 
received the secondary nutrients at the highest levels* Plaits which 
contracted the disease had higher content of nitrogen before inoculation* 
Healthy plants of control end that which received caldua oxide end 
■sgnssiua oxide in the 5*1 ratio recorded higher levels*

In diseased plant** a narked increase in nitrogen content
was observed after syepton appearance* Higher content of nitrogen in*
virus-infected leaves have been recorded by Ccwetoner et al (1953) 8
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Beat and Gallus (1953)I Borgss end Bsato (1953)5 Eaharcuo et^*^(l964)t 
anfl Earaynna Svcsjr mi& Eaaakriehnaa (1966) • fforlia of faMti- end fety 
(1965)| Hair ana PiXlal (1966) and Hair and Georgs (1966) nlao 
indicated aa inoreaae In nitrogen content of leevea due to incidence 
of Dunchy Top disease*

Gradual decrease In nitrogen eontant of roots also m s  
observed with tin* Tha gradual depletion of ths nutrient In the 
rooting medium might have had its influence In 1 waring ths nitrogen 
content in plants* This m y  also ha dus to disturbance In ths mechanise 
of translooafcian. Of ths treatcente, tha highest nitrogen content m s  
recorded one month before Inoculation in tha treatosat which recalTed 
calcium oxide and magnesium oxide at tha 6it ratio at ths higher level 
of magnesium* It can down to ths lovsst value ‘too maths after 
inoculation. The higher levels of secondary nutrients night have 
contributed to the release of nitrogen Inthe beginning end to the 
depletion, later* In treatments of calcium oxide and megneeiisi oxide 
In the ratio of 5*1 end that at 6*1 ratio at tha lover levela, the 
release of nitrogen night have h e m  sore gradual, the stags of depletion 
starting only too Months after inoculation. There had alto been a 
gradual lomrlng in nitrogen content of rooto In the healthy control 
also*

In treatments of calcium and magnesium oxides In ths 3*1 
ratio at ths higher level, and at 6»1 ratio at ths I war level,



tha content of nitrogen which had bate on tha increase showed a 
decline aftar wjmptaa appearanco. 7 M b  1b la contrast to tha 
observation on tha nitrogen content In leaves*

Fotaaaluw content of aoll and absorption hr plnntai

Potassium content of soil showed a narked daollna with time, 
though not oa nuoh na In calolta. Caldun oxide and ■Qgaealtn oxide 
application In tha ratio 3*1 tended to Increase the potaah etatua of 
aoll ea compared to tha control an the date of inoculation four months 
after planting! whereas application In tha 6»1 ratio was conduoive to 
a lowering in potaah content. Tha treatment receiving the secondary 
nutrlmts In the 6il rntio at tba highest levels recorded tha lowest 
percentage of potaah In coll. The high rates of application of calrtua 
and magnseiun night hare caused a heavier lone of potsaslua thro^h 
leodhlng or through increased absorption*

As In the case with soil, a gradual decrease In potash content 
of leaves also was observed in the control plants* Karkod fluctuations 
In potash content of leaves have been observed In tha calcium end 
magnesium treated plants* In tho healthy plant which received calcium 
oxide end magnesium oxide In the 3»1 ratio, a gradual increase In the 
content of potassium waa observed* Frcea 3*8 per cent potaah one month 
before inoculation, it rose to 6*6 per cent three months of tor inoculation,
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the eoapaxaible percentages in the oontrol being 6*0 and 6*3 respectively* 
Zn tbs healthy pleats of treataent 5 which received calciun oxide and 
sognesiua oxide in the 6*1 ratio, the potash cmtent of loaves showed 
e steady decline with tlae* She percenters In ell cassswcs lower than 
thoae of plants receiving the secondary nutrients at the 0 level end 
those at the 5*1 ratio* This le in coofoislty with the results of Hair 
sad George (1966)* who noted the nnrlrora potash content in the leaves 
of hsccas plants which received calcium oxide and Mgbeaiw oxide in 
the 5*1 ratio end the lowest In those receiving In the ratio 9*1 • In 
the leaves of plants which contracted the disease* a gradual increase 
in potash content was noticeable till the tine of Inoculation* A narked 
increase was observed after appearance of symptoms in the plants which 
contracted the disease* The higher potassiua content in the leaves of 
diseased plants cay either be due to increased absorption or disturbed 
trenalocation froa the leaf* Soablar and Bair (1965) I *®d Hair and 
Georgs (1966) also observed higher contents of potasalux in leans of 
infected plants as cospared to the healthy* Sioilar results of Increased 
potash content in virus infected hop plents have been reported by 
PKi*a •£ £1 (1965)*

The absorption of potential by roots followed a pattern 
different froa that of leaves* There was increased eceujsilatioa of 
potassiua In roots with tlae in all the treatments* The rate of
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Increase had been wore or loss ateady In all tha hoalthy plenta. In 
tha infaotad plant of traataont which received cmlolun aside and 
nagneaiun oxlda in tha 3*1 ratio and which showed syaptcns 37 days 
after inoculation, tha highest values of potash percentage 10.83 was 
recorded two souths after inoculation. In traatcant 4 of caloiua oxlda 
and ragaaaita oxlda application In the 6i1 ratio in which synptews 
appeared 42 days aftar Inoculation, tha percentage of potaah dropped 
frcw 6.29 to 3.29* one nonth aftar inoculation. Tha highest value 
of 7.76 par cent potash was recorded two months aftar Inoculation, end 
aftar appearance of eyaptooa. Higher percentage of potasslua in potato 
tubers infected with potato viruses X and T have been reported by 
Koalowsk* (1964)*

Calcium content of soil and absorption by plants i

A narked lowering In oaleiun content of eoil has ban observed 
four months after planting. This points to the heavy loss of oalclun 
by leaching fton tha surface layers of aoll whan applied in large 
quantities. On tha data of inoculation, four won tha after planting, 
the sane trend aa that of application waa observed. For tha ansa levels 
of caloiun application, calcim content was higher for the treatment 
receiving the lover level of aagnealua. Tha relatively rapid loaa of 
ealciua from soil in preamoa of MgnesliM la thus brought cut.
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A gradual decrease in oalciua content of leovcn of all tha 
healthy plants have basn observed with tine* Tha icxi was tha oaaa 
with infected plants till the data of inoculation# In treatment 3 of 
calciua oxide and aagneeium oxide application In tha 3*1 ratio, which 
ahowad aysptoaa of infection 37 daya after inoculation, tha content 
of caloiun ahowad an increase one month after inoculation and just 
before appearance of eywptoaa* The loaaat caloiun content was obaarvad 
during tha next month, after the apptarcnce of oyaptosm* A marked 
lowering in calcium content of dlaaasad banana leave* have been reported 
by Kaebiar and Hair (1963) and Kair end George (1966)* The percentage 
of caloiun increased again during tha next month, three months after 
inoculation* The earn* trend wrn noticed in the case of infected 
plant of treatment 4 also, which hod received calcium oxide end 
magnesites oxide In the 6*1 ratio at the lower level of magnesium.
Shaw and Sambarski (1936) and ftrusa et al(l965) also observed accumulation 
of calolui in virue-lnfooted leaven of plants* As In tha case with 
calcium content of coil on the date of inoculation, tha percentage of 
calcium In tha leaves followed the Mae pat torn aa that of calcium 
application* Before Inoculation and on the date of inoculation, for 
the same levels of calcium application, percentage of calcium in plants 
was always higher in treatments of loser magnesite* application* Control 
plants showed the lowest percentage of oalciun in all cases*
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The Increased rates of application of ealciua shoved the sows 
trend In the uptaka of oalciua by roots* also* Tha control pleats 
showed tha lowest values In all cases except In diseased pleats after 
ayapton appearance* t* in tha cass with anil and leaves, for tha 
caae levels of application* c&lciiai content of roota ana higher when 
tha aaount of aagneslua applied was lav* Thle relation was upset after 
tha incidence of tha dleeasa* The variation in oaleita contents of 
roota in inf acted plants followed the ansa trend aa that in lcavos.
There waa an increase in paremtnge of caloiia one month after 
inoculation and ,1ust before appeoranoa of sywptOM in treatment J, which 
ohowed ayaptcas of tha disease 37 day* after inoculation* in treatment 
4 which expressed ayaptoas 42 days after inoculation* a lowering in 
paroentage of oaloiua was observed one nonth after inooulation, tha 
lowest value being recorded during the next wrath.

lfagnaaitai content of coll and absorption by Plante*

Tha decrease in content of cagnssitsi four scntha after 
planting had not been as narked as that of oaloiua end potassium. 
tCagneeiua when ccabined with large quantities of ealciua la core stable 
against leaching and rctoval to tha lower lay ora. As in tha case with 
ealciun, tha content of aagnaslua in soil followed tha aaoa pattern 
aa that of application four non tha after planting* The control showed 
tha lowest percentage of asgnsaii*. Sbr tha asots levala of application,
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MgnMlua contort of tha soil at tbs root sons was lowsr with higher 
lovwls of calcium application •

In contrast to caloium, thsrs nu a tendonoy towards an 
increase in magnesium content with tins In ths lMVia for a certain 
period and then a decline* In dissassd plants, a narked lowering la 
magnesium content was observed two months after Inoculation* Similar 
results of lowered magntsltik contents In virus infected bonsns leaves 
here been observed by Xcabter end Hair (1965)| and Bair end George (1966)* 
A sacked accumulation of magnesium In leaves waa observed one month 
later In diseased plants* Hale et al (1946) and Pruea et el (1965) slso 
had observed blghar magnesium contents In lecves of virus infected 
plants* As In tha cass of coloium, megneslimi content also followed the 
case pattern as that of application* Kagneeiun content waa lowest for 
control planta in all cases* Before Inoculation end on the date of 
inoculatlonB for the aase levels of application, magnesium content of 
plenta were higher in plants that received lover calcium application.

She Magnesium content of roots resained more or less steady 
throughout except in the roots of diseased plants* In infcoted plants, 
e marked lowering In percentage of nagnesiis oxide was noticed after 
symptom apponranoe* In treatment 5 of application of caloiua oxlda and 
aagnesiua oxide In the 3<1 ratio at the higher level of magnesium, an 
accumulation of ecgneaitm In roots on# month after Inoculation and just 
before symptom appearsnca wne noticed* 'Hie lowest values were recorded 
two ocnths after inoculation and after eyaptca appearance.
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Xn Infected plunt of treataant 4* the lowering in asgnesiua content 
had bam gradual to tha lowest valuta two aonths after inoculation.
E&s behaviour of aagnoaitsi In roota followed the nose pattern as that 
of root caloiun alto* da in >the cost with leaf calciun and leaf aognesiun, 
the sagnoalum content of roots for the caso levels of application was 
lover In trcatoaate of lover caloiun application*

Caloiua end nagnesiua thug present an mtlrely differ ant 
picture free nitrogen and potash In the plants* While the concentration 
of calciue and wagnesiua in the healthy plenta In ouch higher than In 
the infected plenta, the situation la reversed In the case of nitrogen 
end potash* The esus results vere recorded by Boabior end Ealr (19̂ 5) V 
Kair and Filled (1966)| and Bair and Ceorge (1966). It can be concluded 
froa those results that unlike the other major nutrient elements, the 
absorption of caloiua and nngnooiun by leaf end root la sieved down 
after infeotiozu Caloiua end magnesium thus ploy a unique role In 
Bunchy T°P Infection end resistance of plants to attack by the virus*

Caloiua oxide/matmcalum oxide ratio in soli and nlenti

Thera had been a narked lowering In the ratio with tine* She 
relatively high rate of roaoval of calcium end the mnrkod stability of 
the mailer Mounts of nagneoium bad bean responsible for bringing down 
the ratio* The ratio had been the highest for the treatment receiving 
the highest lavele of calcium oxide sad magnoalTS oxide In the 6t1 ratio, 
on the date of inoculation*
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ratio in the leaf varied widely with troctxmto raid with 
tin. The plaate which withstood infection appeared to ehov slightly 
higher ratios before end after inoculation date* Xn infected plants, 
a narked lowering after appearance of ajarptome have been noted.

The ratio for roots also showed a sacked decline after 
appserance of ejuptoae in the Infected plenta*

CalMian oxide plua sagntaiuai oxlde/potaaalu* ori.de ratio of eoil end planti

The ratio in the eoil showed a decrease cm the date of 
inooulation four acntha after planting as conparod to that in the 
beginning though not as such as in the caldtra oxide/nngneslus oxide 
ratio. The control plant shoved the lowest value.

The ratios in the leaves bad been the lowest for the control 
plenta in all cases except In infeoted plant* after ayspto* appearance.

Xn roota, the highest values have been recorded by the plants 
which got infeoted cn tha date of inoculation* The values cane down to 
the lowest after infection.



SUMMARY AND CONCLUSIONS



SnaSABY ABB COSOUK3IQB3

experinent to stud? the cffeot of ccmbinatica of calciiai 
and magnesium npplioaticc to coil m  tha c&lclis cxide/B&gntaiua oride 
ratio in tha plant end on the Bunchy Top disease of banana, was laid out 
undar emeai-field conditions. Caiaiua oxide end Bagnasita oxide were 
applied in tho ratio* 3i1 and 6i1, at two levale of sagnasitna, 0,05 and 
0,10 pat? cant by weight of soil. Uniform lavalc of nitrcgen, phosphorus 
end potassium in all tre&taants wane given by application of equal 
quantities of fertiliser*. Kb organic canur* mas added, to ovoid too csqy 
uncertain fcolors which aight have influenced the behaviour of calcium 
and magnesitea in the soil end absorption by the plant*. The concentration 
of tha inseot inocaUa woe maintained at a unifoaa level, by releasing 
infective aphids at the rate of 25 each. Inoculation was done four 
souths after planting. avoid natural infection before inoculation, 
periodical sprays of parathion 0.01 par cent had been given as a regular 
practice. The results of the axperlnent are sismariead below.

I
1. Tho treatment supplying calciun oxide and asgaeelusa oxide 

in tho 3i1 ratio at the lower level of ntagnesiixa appeared the best with 
only one out of els plants infected, followed by the control with two 
infected plant*. In treatment* of 3>1 and 6i1 ratios at the higher levels 
of magnesium, maximum niEsber of diseased planto, five each, was noted.
Four dioonsed plants ware oboerved in the treatment of calcium oxide cod 
magnesium oxide explication In tho 6t1 ratio at tha loser level of magnesium.
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2* There f M  a sacked decrease in the nitrogen content of sdl 
with tine. On the date of inoculation, four ronths after planting, 
treatments receiving the higher levels of oaloiuo end sagnsslua shoved 
correepondingly lover percentages of nitrogen In soil*

5» The nitrogen content of leaves end roots followed the o&se 
trend es that of soil nitrogen. There bod boon a gradual decline In 
percentage of nitrogen with tine end with increasing esfiounte of the 
secondary nutrients.

4* An increase In the nitrogen content of leaves was observed 
after appearance of sjnptona,

5« la contrast to nitrogen content of loaves, the percentage 
of nitrogen in roots showed s decline after eyaptca appearance*

6* Calcium oxide end aagnssitn oxide application in the 
3*1 ratio tended to retain eoll potosaiua while supply of nutrients in 

the 6*1 ratio vas conducive to a greater potash lose frca eoll,

7* A decline on content of potash In loaves aod sn 
accuwlation in roots was observed with time*

8, Sacked necraalation of potash in leaves and roots was 
observed after appearance of ayaptcaE*.

9, The lose of celclus from coil had been marked and relatively
more rapid.



10* Iter the sue leve2a of oeloiiei application, the calcium
' fcontent in soil four months after pleating* In lavras end root* had bean 

higher when tbs level of mcfnesiue « u  lover*

11* Calcium content of leaves end roots of infested pleats 
showed aa increase Just before appearance of eyaptaw cea month after 
inoculation. The value vent down considerably during the next month after 
ejaptoa appaarecoe* An acoueuleW.cn was again noticed one month later*

12* She decrease in content of magnesium in soil had not hem 
ae marked ae that cf celcium cod potcseitm*

13* Jtor the m u  levels of application of magnesium, the 
magnesium content of soil four scathe after planting end of lawves find 
roots of healthy plants were always higher when ths level of oaleiuo 
application wan lower*

14* As in the case cf calciim, the percentage of magneetiia to 
lecvee and roots of infected plants cmm down after appearance of m&ptons*

15* !Jhe ratio of oalolua oxida/^wno*!'* oxide in leaf end root 
were slightly higher in the plants which withstood infection than those 
which showed eye?tows, A marked lowering in the ratio wee observed to the 
infested plants after ê nptoa appearance*

16. $b$ lcv$rtog to the calciua oxide plus asgueeiû  oxide/ 
potasslxn oxide ratio of soil ted not been ae marked as that of the 
cel clue oxiifl/msgneeium oxide ratio* A narked lowering to the ratio 
In 1 wares end roots to the lowest value* wee observed after agpesymee
of symptoms*
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APPENDICES



APPSHDIX X

A nalysis o f varlsnea 
Haight of plants befora inoculation

Genres C.3. Sf. Tarionco P InTaranca
total 15722.6? 29
trastesant 2127.67 4 531.92 F̂ ĝ0»C.9533 Sot eifeaiflcant
Block 2953*67 5 587.33 F5#2o-1.1°23 KOt significant
Error 10656.33 20 552.82

APPKKDIX n

Analyaia of v*ricaca 
Haight of plants before oyirp̂ c* appearanco

Ecuirea S.S. Hf. Yaxlcnoa F Inftranca
total 23053.50 29
traataent 2698.30 4 674.58 Hot olcnlflocst
Blocfe 6101.00 5 1220,20 ^S.ao*1*1025 Hot significant
Errcr 14254.20 20 712.71



ASBPOCr h i

Analysis of vnrionoa 
Girth of Pccudoafcaa bafora inoculation

Source S. 8. Bf. Variance X Inforonca

Total 1927.47 29
Troatcont 9e.ro 4 24.70 y4#20-0O251 Hot significant
Block 509=0? 5 61. Cl 2r5t20-0*W5 Hot significant
aaxw 1519.^0 20 75.98

AfP^TMX IT 
Analysis of variance 

Girth of BccuAostan before eynptcm aprccrsace

source e.s. ar. Variance X Inference

Total 2163.47 29
Treatsant 75.15 4 18.28 F4>20»0.2112 Hot significant
Block 559.47 5 71.89 r3t2O«0.8507 Hot oignifieant
grrcr 1730.S? 20 85,54
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A P P E N D I X  T O

A n a l y s i s  o f  v a r l c n e a  

L e n g t h  o f  l e a r n s  b e f o r e  i n o c u l a t i o n

S c u r c o S * S * dfc V a r i a n c e P I n f e r e n c e

T o t a l 1 5 3 3 5 . 3 7 2 9

T r e a t s e o f c 2 0 6 9 * 8 7 4 5 1 7 * 2 2 ^afi-ww L o t  s i g n i f i c a n t

B l o c h 5 0 2 2 * 5 7 5 6 0 4 * 5 1 P 5 | 2 0 - 1 * 3 B 2 7 H o t  o i g n l f i c a a t

EiTOr 8 7 4 2 * 9 5 2 0 4 3 7 * 1 9

A P P C H D I X  V I I I  

A n a l y s l o  o f  v a r i a n c e

""-rs
L e n g t h  o f  l e a v e s  h o l e r s  e y a p t o n  a p p e a r a n c e

S o u r c e S . S . <3f * V a r i a n c e F  I n f e r e n c e

T o t a l 1 5 4 6 5 * 5 7 2 9

T r e a t m e n t 1 0 6 7 * 8 7 4 4 7 1 * 9 7 F 4 # 2 0 " ° * 9 2 2 3  i ;ot e l ^ d f i o a n t

B l o c k : 3 3 4 2 * 5 7 5 6 6 8 * 5 1 P g ^ g O « 1 * 5 0 6 3  H o t  s i g n i f i c a n t

E r r o r 1 0 2 3 4 * 9 3 2 0 5 1 1 * 7 5



AP?SiT3IX XX 
Analysis of variance 

Width of leaves heforo Inoculation

Source s .s , df. Vartanco F Inference

Total 2509.20 29
treatment 246.20 4 61.55 ^ .so" 0*9359 Hot oignificaat
Block 014.40 5 162.68 Fjf20“2.6°90 Bot olcnlficant
Error 1343.60 20 62.43

AFPTTTDIX X 
AnolyuiB of variance 

Bifith of leaves before syznpton appearance

Source s.s. df Vnricnco F Inferencs
Total 1719.47 29
Trsatasat 506.14 4 76.54 Hot significant
Block 303.47 5 40.69 ^5,^.6787 Hot significant
Error 1209.66 20 60.49



PLATES



PUTS. X.

PLATS* XX.

General view of the healthy bfioena plants before 
inoculation.

Oeeeral vis* of the banana pleats after appearance 
of ejaptiae.





PLATS. HI* Healthy Banana plant of trea&tent 1 beforo 
Inoculation.

PLATS* IT* S i G t o s e d  banana plant of traatacnt 1 after 
Inoculation.
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PWTI. XX. BMlthy banana plant of traatncnt 4 tefora 
inoculation.

X* Xlnaaofl banana plant of traata«it 4 aftar 
inoculation*
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PLAT*. xzzx*

PLATE. XXV.

Baaltagr banana plant of traataont 1 (wulalca-trMtad) 
before Inoculation.

Ilaaltfey banana plant of trsataent 1 (aaulaicn-treated) 
after inoculatlcn*
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VLiSE* XVII. Health banana plant of treatment 3 («nuloio&-treated) 
baforo inoculation.

■§

t ,

PIiATS. XVIII* X&eosnod banana plant of troatacnt 3 (cmuloicn-trsatocl) 
after Inoculation.





PLATS* XIX* Healthy banar.a plant of treafcasnt 4 ( oeu!oion- treated) 

before inoculation*

PLATE. XX* Bicaaoed banana plant of fcreataant 4 (saulslon-tnaWi) 

after Inoculation*





PLATE. XXX. Haalthy banana plant of traafcant 5 (esulalon-treated) 
before inoculation*

PLATE. XXII. Healthy banana plont of treatment 5 (emulsion-treated) 
after Inoculation*




