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i«  ffl-gtpjy, <?£ frfra.fltaaaaa

Tho proeieo origin o f tho Bunchy top 

disease o f banana is  unknown* Tho disease Is now wide­

spread in Australia, Ceylon, India, Holayacia, Pacific 

islands, Egypt and Control Africa, A review on tho 

history and occurrence of tho disease is  given by 

IJorabiar and Hair (1935) ,

2* <?£ t-rangnlsgtoa

It  has boon proved that tho disease is  of 

viral origin transmitted by tho banana aphid* Pontalonla 

nleronorvona Coq, (Goddard 1025, Hagoo 1027, Hutson and 

Ilalcom 1930)*

3, incubation-norlod. and virus, .vector relationship

Hagoo (1927, 1040) has reported that tho 

aphids fed on diseased plants for 34 hours acquired the 

virus and after 3 days of Incubation, transmitted i t  to 

tho healthy plants by feeding on thorn for 2 hours. In 

hio experiments on Cavondish variety, ho noticed that 

trfhon aphids tioro released at tho rato of 150 to 200 per 

plant, a ll of then showed disease symptoms within a 

period of 23 to 29 days, Hageo has also reported that 

In tho Gres Uiohd variety, tho virus requires 35 to 45 

days to manifest itse lf. Investigations at Vollayani
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cultivated varlotiGo of tlooft opp# is gfcmnd Icxsaae to tho 

disease* Ho observed that tho varieties Gros liiehel snd 

tfcisma havo a Mgh dcgrco of reststones, Ho attributed



this to physiological and structural characteristics*

Tho variety Cavendish wao found to ho highly cuseoptiblQ 
(Kageo 1943). Hoot of the cultivated varieties of 
banana in KoraXa State have been found to bo susceptible 
to infection by the virus* However, variation In tho 
intensity of infection has been observed* Tho nest popular 
and widely cultivated varieties vie* Head ran and Poloyan* 
tfeo&cn are nor© cuscoptiblo than tho other lose popular 
varieties o f banana.

Ilageo (1053) absolved that coro vigorous and 
rapidly growing plants arc ooro sascoptiblo end liablo to 
bo In footed by tho virus# Ago of tho plant is also a 
factor for Infection, younger plants reacting to the 
disease sore QuicIJLy than older ones* Plants growing on 
Impoverished soils arc less easily ravaged by tho disc ace, 
than those in rich soils*

SasSU&ta&HVU

A roviov o f literature on tho effect o f hoot 
nutrition on virus infection and activity can bo seen in 
tho vesSi o f Hanbiar and Hair (1965) end Pillay and Hair 
(1966) in connection with tho earlier investigations o f 
this problem*

Nutrition controls tho growth and constitution 
o f plants. Thor© io no doubt, that viruo activity is 
influenced by the host plant sotabolica* Tho entry*
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movement and csiXtlplicailon o f vires ansi exfeoraol 

osproasion o f cynptcas, are o il influenced by tho supply 

of m t slants and the boot plant physiology*

t  j?lQ^L^sasa yg. , jLu&aUra

Different mtsicnta play different roles 

In t o  resistance of plants to Infection by virus* This 

has boon reviewed uitU spooled roforonco to Bunchy top 

infection by previous wosfcore aa IJeablar and Hair (1935), 

Hair and Plllay (106S), Hair and Goorgo (1966) ana Hair 

and Vi&raem IJair <1067)#

Hifcropan

^aoDSon (1929) was ono of tho in itia l wsteors 

to investigate tho relationship between plant nutrition 

and the Incidence o f vires diseases* According to him, 

increasing levels o f nitrogen increased both tho aphid 

population and tho susceptibility of potato plants to 

infection by leaf ro ll and 2 -  viruses# Sponsor (1935) 

reported that nitrogen increased tho susceptibility o f 

tobacco to mosaic virus and Bsiorlqy and Gtsaart (1946) 

reported that increasing tho level o f nitrogen for onions 

increased thoir ouscopfcibillty to infection by yellow 

dwarf vires. In giving m  account of tho Bunchy top 

dicoaDO o f banana, Wordlav (1035) stated that field  

observations indicated that cora vigorous and rapidly 

growing plants are most ouscoptiblo to t o  disease*



Sxecnivnsa Boo (1933) reported t o t  tho loa f  

o f virus infected plants contained no re nitrogen to n  

healthy loaf*

fho investigations o f Varadaraia Aycngar <1938) 

on tho spike disease o f sandal Indicated that by prolonging 

t o  vcgotatlve phase* nitrogen favoured tho incidence o f 

virus disease* Polton (1043) and Arons < M ) )  observed 

t o t  a deficiency o f nitrogen caused earlier appearance o f 

le a f ro ll GyaptoQ3 on potatoes* Kendrick jjfll (1951) 

observed t o t  vixu3 concentration was reduced to a n intaa  

by low nitrogen application in tomatoes infected uith 

tobacco nocaie virus* Kruger (1951) reported t o t  nitrogen 

application increased tho susceptibility o f potato plants 

to loa f ro ll virus infection and produced leaves congenial 

to t o  growth and m ltiplicatlon o f virus* flenching Cbco 

£& (1952) recorded t o t  virus assays o f t o  oaprooscd

sap o f tho spinach plants shoved virus concentration in  

proportion to t o  growth o f tho plants induced by nitrogen 

application* Similar results troro obtained by Weathers 

end Pound (1954)* Broa&bont eft jff. (2952) £bms& that heavy 

application o f nitrogenous fort i l l  goto increased t o  

cuGeaptibility o f cauliflower to cooaio virus*

Umschor (1952) reported that increasing amounts 

o f nitrogen increased tho susceptibility o f potatoes to 

virus infection through aphids* According to Diarckc (1953),
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islands, Egypt and Control Africa, A review on tho 

history and occurrence of tho disease is  given by 

IJorabiar and Hair (1935) ,
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It  has boon proved that tho disease is  of 

viral origin transmitted by tho banana aphid* Pontalonla 

nleronorvona Coq, (Goddard 1025, Hagoo 1027, Hutson and 

Ilalcom 1930)*

3, incubation-norlod. and virus, .vector relationship

Hagoo (1927, 1040) has reported that tho 

aphids fed on diseased plants for 34 hours acquired the 

virus and after 3 days of Incubation, transmitted i t  to 

tho healthy plants by feeding on thorn for 2 hours. In 

hio experiments on Cavondish variety, ho noticed that 

trfhon aphids tioro released at tho rato of 150 to 200 per 

plant, a ll of then showed disease symptoms within a 

period of 23 to 29 days, Hageo has also reported that 

In tho Gres Uiohd variety, tho virus requires 35 to 45 
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cultivated varlotiGo of tlooft opp# is gfcmnd Icxsaae to tho 

disease* Ho observed that tho varieties Gros liiehel snd 

tfcisma havo a Mgh dcgrco of reststones, Ho attributed



this to physiological and structural characteristics*

Tho variety Cavendish wao found to ho highly cuseoptiblQ 

(Kageo 1943). Hoot of the cultivated varieties of 
banana in KoraXa State have been found to bo susceptible 

to infection by the virus* However, variation In tho 

intensity of infection has been observed* Tho nest popular 
and widely cultivated varieties vie* Head ran and Poloyan* 

tfeo&cn are nor© cuscoptiblo than tho other lose popular 
varieties of banana.

Ilageo (1053) absolved that coro vigorous and 

rapidly growing plants arc ooro sascoptiblo end liablo to 

bo In footed by tho virus# Ago of tho plant is also a 

factor for Infection, younger plants reacting to the 

disease sore QuicIJLy than older ones* Plants growing on 

Impoverished soils arc less easily ravaged by tho disc ace, 
than those in rich soils*

SasSU&ta&HVU

A roviov of literature on tho effect of hoot 

nutrition on virus infection and activity can bo seen in 

tho vesSi of Hanbiar and Hair (1965) end Pillay and Hair 

(1966) in connection with tho earlier investigations of 
this problem*

Nutrition controls tho growth and constitution 

of plants. Thor© io no doubt, that viruo activity is  

influenced by the host plant sotabolica* Tho entry*
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movement and csiXtlplicailon o f vires ansi exfeoraol 

osproasion o f cynptcas, are o il influenced by tho supply 

o f m t slants and the boot plant physiology*

t  j? lQ^L^sasa yg. , jLu&aUra

Different mtsicnta play different roles 

In t o  resistance o f plants to Infection by virus* This 

has boon reviewed uitU spooled roforonco to Bunchy top 

infection by previous wosfcore aa IJeablar and Hair (1935), 

Hair and P lllay (106S), Hair and Goorgo (1966) ana Hair 

and Vi&raem IJair <1067)#

Hifcropan

^aoDSon (1929) was ono of tho in itia l wsteors 

to investigate tho relationship between plant nutrition 

and the Incidence o f vires diseases* According to him, 

increasing levels o f nitrogen increased both tho aphid 

population and tho susceptibility of potato plants to 

infection by leaf ro ll and 2 -  viruses# Sponsor (1935) 

reported that nitrogen increased tho susceptibility o f 

tobacco to mosaic virus and Bsiorlqy and Gtsaart (1946) 

reported that increasing tho level o f nitrogen for onions 

increased thoir ouscopfcibillty to infection by yellow 

dwarf vires. In giving m  account of tho Bunchy top 

dicoaDO o f banana, Wordlav (1035) stated that field  

observations indicated that cora vigorous and rapidly 

growing plants are most ouscoptiblo to t o  disease*



Sxecnivnsa Boo (1933) reported t o t  tho loa f  

o f virus infected plants contained no re nitrogen to n  

healthy loaf*

fho investigations o f Varadaraia Aycngar <1938) 

on tho spike disease o f sandal Indicated that by prolonging 

t o  vcgotatlve phase* nitrogen favoured tho incidence o f 

virus disease* Polton (1043) and Arons < M ) )  observed 

t o t  a deficiency o f nitrogen caused earlier appearance o f 

le a f ro ll GyaptoQ3 on potatoes* Kendrick jjfll (1951) 

observed t o t  vixu3 concentration was reduced to a n intaa  

by low nitrogen application in tomatoes infected uith 

tobacco nocaie virus* Kruger (1951) reported t o t  nitrogen 

application increased tho susceptibility o f potato plants 

to loa f ro ll virus infection and produced leaves congenial 

to t o  growth and m ltiplicatlon o f virus* flenching Cbco 

£& (1952) recorded t o t  virus assays o f t o  oaprooscd

sap o f tho spinach plants shoved virus concentration in  

proportion to t o  growth o f tho plants induced by nitrogen 

application* Similar results troro obtained by Weathers 

end Pound (1954)* Broa&bont eft jff. (2952) £bms& that heavy 

application o f nitrogenous fort i l l  goto increased t o  

cuGeaptibility o f cauliflower to cooaio virus*

Umschor (1952) reported that increasing amounts 

o f nitrogen increased tho susceptibility o f potatoes to 

virus infection through aphids* According to Diarckc (1953),
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UasMar and Sals (1005) reported that there 

was a hi^sor concentration o£ available potash in the 

ooiic of healthy areas an conparod to the dicoaocd 

banana areas* xfeoy cl so obcorved higher concentration 

of potash in the diseased loaf oanploa Of banana gq 

coopared to the healthy* Hair and George (19GG) found 

that there van an inoroaoo in petasoiun content of loaves 

after the incidence of thG disease, Also it  vao noted 

that potacolwa content of the plant tloauo in e ll the 

treatments vac higher than whsfc was reported by Hair and 

Pill si (1DCG) for plants which delayed infection by an 

appreciable polled of titee,

Caleltn

Coleto is  a constituent of coll wall of 

plants and ic present aa calciuo pootato in the niddlo 

lamella. The Influence of ea leta  on virus disease was 

town to the research workers oven fron tfco early tines 

of invest!cations of plant virus diseases.

Queensland Agricultural Jeamal C19HS) reported 

that sulphur van applied at the rate of 0 cut* per aero 

together with Island fertiliser followed with 0 to 10 ewfc* 

per acre of basic sopor containing 45 per cent lino and 

17 per cent phosphoric acid around the banana stool to a 

radius of 3 to 4 faot* All tbo anchors wore token fxon 

Bunchy top Stalk, but ssno got tho disease. 7ho report



further ao&o that tho fbllago woo of oxcollant eolomr 

and the giouth of tho planta mm oseoptioaoXXy good# £ho 

old disoaood ctcOhc oinilarZy treated woro thro*&ng out

Vv
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on the oiso o f  tho local Xesiono forced on tho leaves 

Infected by tobacco nosaic virus* Subsequent t r ia ls  by 

Chcsoin and Oeoti (1055) aboved a specific reduction In  

tho infection o f tobacco jsqoo&c virus on o cl dun  

deficient Hm jalutlnooft planto# Accorilnc to thca caldun  

deficiency affected tho intrinsic co ll sascoptlbility to 

Infection pathos* than offering mechanical resistance to 

virus entry*

Shatf end Gsaborahi (1956) &houed that calcines 

accumulated in  young local lesions o f  tobacco mosaic 

virus on picaticna*

I?roa analytical studios* toping and Ualts 

(1937) concluded that ealeiua uaa an integral constituent 

o f tobacco oooolG virus*

Tho t r ia ls  conducted by Hcvolond jal (1053) 

brought out that potato lo a f ro l l  virus interfered uith 

tho uptoSto o f  calcium by tho hoot plant*

Hurray (1050) from M s studios on tho doficioncy 

symptao o f banana concluded that c a le to  deficiency* 

unXiho those o f  other nutrients* manifests it s o l f  only 

at la to r stages o f grovth vis* 4th o r 5th lo a f stage.

This symptom appear go a gradual loss o f  colour* in  

narrovr bond alone tho margin* Ho also stated tliat roots 

tend to bo short* stubby and much branched and are very 

susceptible to fungus attach#
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Parthasaxathi and Bao (1062) rated looser 
porcontagG of ealciun la  tho opiho diseased eandal leaves*

Pron tho analysis o f sixteen coil profiles, 
Hofceodhaa and Ycdav (1062) found a hichor ealciun content 
In the so ils of oplho diseased sandal trees#

By growing Petunia hvbrida and nicotians 
.tabacun in sand culture at difforont levels o f ealciun, 
Varm and Varna (1063) observed that higher XovaXo of 
calcium Xneroaacd the- virus concentration in the infected 
leaves of both plants#

Srivaotava (1C63) reported tint co loto  is  found 
to ho ©ffoetivo in iopraving the growth of banana plant in 
a l l  i t s  aspects# Adequate amount of calcium significantly 
increased tho fresh uoight of the rcote, leaves, stem and 
entire plant, le a f  area end dry weight of tho loaves*

According to Sodasivan (1063), ca lo to  
deficiency reduces tho number of local lesions by affecting 
Intrinsic ec ll susceptibility rather than fey mechanical 
resistance to entry of viruses# tfeltcn (1004) found that 
the susceptibility o f Lincoln peas to inoculation with 
boon yollov nooaie virus fey Hama sorsioao ins unaffected 
by addition of ealciun chelates#

Saotsy C108G) observed that above on options 
Icvol of ealciun, grouts* of CrotainrAn Anneoa was retarded
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Sail? and Gcorco (1DGG) obssmjd hi$io? calciua 

content to leaves of banana bofoyo incites© of tho 

ciiooaco than after Infection* Tho absorption of esaXoixra

•£0|XXCQ 00003

•poonpoa oox|A o$esoG jo nov^oii



yellow visas than tho healthy plants and that tho 

Gifibreneo varied with tho dogieo of infection*

lySboff and Cmiinova (1043) found that xtmn 
half leaves of nicotlcna ttbatlnppa plants Inoculated 

uLth tobacco ooscie visas ties© fcopfc cubaeygod fas 

seven days in a 0*11 solution of magnesium sulphate* 
multiplication of virus was matodly doprossed*

Coolso (1930) found that tho taporing dlseaso 

of coconut was caused by tho deficiency of mgnosit®,

Alvin (1950) in determining tho cause of 

leaf rot disease of Aftava gisolnm found that It was duo 

to nognoaiun deficiency, Tho fact t o t  tho disease can 

bo controlled by tho addition of potassium sulphate was 
attributed to t o  Dobilioatioa of nagnosto in t o  soil 
by base exchange*

Biun end Champion (1054) observed that tho 

blue disease of bananas in French Guinea was associated 

with magnoota deficiency. They have demonstrated t o  

offeetivonoos of mgnosiun in any form against this 

disease especially so dolonito#

GtossUt and Geott (195S) stated t o t  calcium 

end magnesium deficiencies had no apparent influence on 
t«ie oico ana local lesions on j&eotlcm eluting aa 

induced by tobacco mosaic virus.



Tho chenical analysis off tobacco nosale 

visas by Losing and Vterits (195?) strongly eoafirzxd 

the viov that naonooiun vao an integral v ira l ingredient*

Ilarlohulandal and DorairaS (1953) in  thoir 

study on orange declino noted that higher nagnooiua 

content tfaa associated with healthy trees and that tho 

ratio off caleiun ond nagsooitua to potaosto dacroacod 

considerably frcn healthy to affffoctod troes*

According to M tlo r  and Xnor& (1958) nagaasiua 

aalphato fa iled  to rs&uco tho activity off tobacco nooaie 

virus#

Hovoland gfc &  (1953) ffron their studios on 

tobacco noticed that lo a f ro ll  virus affffbeted tho 

nagnooiun absorption off tho host plant*

I t  was found that incidence off o i l  pain crown 

disoaao and l i t t le  le a f  increased whose pofcaaoiun vac 

applied olona* but this was counterbalanced by tho 

addition off nagnooim (flaonyaous 1953)»

t Surrey (1959) stated that tho deficiency off 

nagnesiUQ on tho banana plant appears as a vary 

pronounced coaproscion off young Icavoo and they start 

uaffuxlitig before they have coaplotcly ©Gorged ffroej the 

sheathing lcoff base* A gradual loss in  colour and
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appearance of brown spots aro seen on tho loaf t&ado 
f  roo tho 4th or 6th loaf* Hurray (1960) has again 
abated that magnooiuni deficiency in banana increases tho 
pereehtago of phosphorus in tho loaf*

Sbophord and Pound (1960) studied tho offoct 
of magnesium nutrition in Nlcotigna tabacma m tho 
multiplication of tobacco mosaic virus* Hognesta 
developed deficiency symptoms at 0*6 ppm* Assays showed 
a consistent though small* seduction in virus concentration 
in m@3oata deficient plants*

Varna (1064) studied the effect of magnesium 
nutrition on multiplication of tobacco mosaic virus in 
Hicotlarta .tahfimai and Petunia hybrids end found that 
visas concentration increased, with incroaco in magnesium 
concentration*

Wolton (1964) sopor tod that cuaeoptibllity of 
Lincoln peas to inoculation with bom yellow mosaic virus 
by ftoflua .gQrslcaa Was unaffected by addition of magnesium 
chelate*

Praca &  (1963) shoved that infection of 
hop plants with hop curl disease was noticeably inhibited 
by spraying or irrigation with salts of magnesium#



-v

application to dustor be ana on tho production of local 
lesions by cunheap raosaic virus* H« noticed that tho 

level of nactjosto ©ptisana for plant growth produced 

aaxiffln number of local lesions on tho loaves of duster



concentrations of calcium and that a ll tho plants 

contained appreciably higher quantitlos of nagnosta 

before tho incidence of tho disc a so than after Infection 

by tho virus*

Calcium .olugJlag>ac,toa

Investigations carried out on plant viruses in 

relation to hoot nutrition indicated that eoXeim and 

nognosiun is combination greatly affected thoir activitloo.

Hebert (1933) studied tho effect of potassium, 
calcium and nagaosiun ions, singly and in combination on 

boas plant and found that potash when as so elated with 

magnesium, materially retarded calcium absorption and 

when combined vith calcium, narbedly reduced magnesium 

absorption*

Sainlh (Jr) stiaX (1952) havo observed that the 

uptaho of minor elements in wheat and sorghum was castas 

at a oalciam/nagnosiUD ratio of approximately 4 i 1*

Bran (1954) in French Guinea observed that 
banana plants affooted fey blue disease have lew content 
of calcium and nagnoolum and tho symptoms wore controlled 

by tho addition of line and mgnosium*
Ghoscin and Scott (1055) investigated tho effect 

of ninoral nutrition on tho si so of tho local lesions



fonxd  on tho loavoo o f flfcotlana giutiposa affcor viruo 

infection. They found that additions o f ealoitia and 

mgaooiUQ in  t o  nutrient oct&itia had no apparent 

in&ttcneo on t o  cl go o f  local lesions produced on tho 

loaves*

Gaxmn and Hathls (1OSS) stated that low 

c a lo te  nasnooiun ratio o f  lo a f compared to that o f  fru it  

i s  associated with tho occuiTcneo o f b itte r p it  (baldurln  

spot) o f  apples*

tfaabcfco <1DS?) invostigatod t o  seasons fo r  

tho yellowing o f o i l  palno and found that a low 

concentration o f nognociun and caleivn in  t o  fo liage was 

associated uith tho Qicoaco* Application o f 0*6 kg* o f  

mgnoQiua sulphate and 1*5 kg* o f  calelun catonato  

followed by 0*6 to 1*0 kg# o f  po tash-ftagnocia several 

cjonto la te r  was found to bo benoficlal#

tohonaoo (10G4) otatod that in  tho plant c o ll, 

colclun end Bagno qIuq havo a ehcnieal colloidal reciprocal 

action* I f  calcium / aogaosluQ ratio is  loan than 1*6* 

tho oaloim  condition in  t o  so il lo  able to counteract 

any physiological risks resulting fsm  oxceso aagnooto#

v- Hair £& s£k <1$SG) noticed that ce llu la r  

degeneration and dlsorconioatlcn woro tho olowost in  plants
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growing on a soil with a CaOAlgO ratio of 3# have 

also obsoxvod that a dofinite CoO/HgO ratio in tho plant 

tissuo* rathor than in tho nutslont nodiun* mgr 
contribute towards xociotcnco to cellular changes 

concequcnt on visas infection*

/sho invootigatlcns of Hsnbior ana Hair (1DGS) 
showed that coils collected fsm dicoaco prevalent banana 

aroaa uoro poor in coleiun and aagnasim* She analysis 

o f the diseased loaf samples o f banana also rovoalod that 
calcium and magnooiun wore lotrar them in healthy ones* 
Elaborate studios woro conducted by Hair and F ilial (X96G) 

^  who fbnad that tho loavoo of* healthy banana plants supplied 

with calcium cad nagnQsiua had a CaO/̂ gO ratio ©f 3*5 to 4* 
those plants inhibited tho oppression of disoaso eysaptoas 
until tho emergence of tho bunch#

J Hals* ©ad (Scores (1066) found that roDistance to 

Bunchy top vlsus nay bo correlated to tho ratio o f coldns 

osido plus nagnoolun osldo / potaaota odds in tho leaf 
and not sorely to tho ratio of calcium osido / nagncslnm 

oxide*

j  Hair ond Vihramn (1D67) observed that CeO/tfgG 

ratio in  lo a f and root o f  banana woro slightly  higher In  

tho plants Which withstood infection tlian thoco which



showed syoptooo* A narhcd lavorliig la  tho ratio was 

Qbsorvcd la  tho infoctcd plants a fter spaptoa 

appearance*

m te Q slv n
floecnt stadias on caXctaii nagnoclun and 

potassiua show that tho ratios o f those nutriento la  

hoot plants influcnco tho activity o f tho virus* Coao 

tiDxfcs aro sagsoativo that those ratios central tho 

structure5 developsant qua nultipliaatioa o f tho visas 

in tho infected plants*

Pensor (IDG?) ctu&Iod tho offeet o f calcita  

plus magnooiun /  potasaiun ratios in boas plants 

inoculated vith tobacco aosaie vim s and found that 

greatest loolon nucbars were soon in  tho codiun o f  high 

nagsosta vith lei? potassiua and eolciim* and in  tho 

oo&iun o f binh e a le ta  and lev  magnooitn and potasoiun*

Ilia investigations o f  Crowley and Hanson 

(1960) revealed that addition o f potsesina together 

with reduction o f oaXeiun in  tho nutrient tK d te  produced 

considerable Inercaso in the concentration o f virus in  

toaabo soot asriotcn*

I&saaisa (10GD) noticed that tho in jectivity  

o f tobacco necrosis viracj cucunbor no3oic virus end
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caoqx^cxi 50 uoppexcooSox ^tnpj panes (6K)I) sugxv

ototkit

*Gpp:o / oppro osptGO £0 ©ppx

qvr 03. jSpexoo %m pen? *soor oq» tig o|qp£ oppro cafcsTtyod 

/ oppKo tmxsocfiiOGi oirpl oppio nopxpo 50 ©ps® 0% 

papBpasxco oq qq2pa swap a doq ^eng 50 ooimqspos oqq. 

popntouao (99QI) apfl piss O&XO09 •liounq 01& jo ootioaxaao 

ot& tT^tm oosospp dm £s&mi jo ©auoppup oqq qcpox 
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Suss (1966) oboorvea that in  healthy potato 

loaves sulphur wao uniformly distributed but In those infected 

by potato lo a f ro ll  virus* i t  accumulated in  tho reins though 

Uptdho was loss than in  tho healthy*

Ling and Pound (1262) reported that in  tobacco 

plants grown without sulphur or with oub*opttal sulphur* 

accumulation o f tobacco m salc virus was markedly and 

consistently lees than that in  plants receiving optimum 

sulphur level 3*

Sestry (1038) noted that growth of ■Crotalaria 

.tece.a and concentration o f suahomp msai© virus ware reduced 

at levels o f  sulphur above tho options fo r growth*

Prusa £& &  (1985) found that hop curl disease 

o f  hop plants did not bring about any change in  sulphur 

content in  tho plants*

Sj&vastava (1964) in  his studios on the response 

o f banana to nicronutricnts observed that jsinc proved most 

helpful Stor tho growth o f the plants* Copper, boron and 

molybdenum helped better growth o f the subterranean parts 

and ooao root characters and manganese showed useful effect 

but not o f  a high ondor*

ISicrosntricntQ produced deficiency and toxic 

symptoms in plants, similar to virus infection* Shis has



amused the attention of oany motors and led to the 

investigation o f  the past played by nieiom tsionta in plant 

Vim© aiOGRGQB*

ffinc
'Sar̂ p̂ od (1954) demonstrated that tho 

susceptibility o f PfaaenolMB vulmris leaves to tobacco 
mcaie vims mn induced by 310 sirsiatoc imorstcs. in 0*001 
to 0*003 per cant sine sulphate* She seme tscafcsents 
decreased the m&ibor o f tobacco ssosaic lesions on SEieotiana 

loaves*

She investigation of Hols* and Pound (1955}
taught a n t  that tobacco gson in culture solutions 
recorded mnhaia virus concentration at tho options level 
of sine for plant growth*

Kieh (1956) got psooieing moults with cine 

sulphate which reduced the percentage of diseased plants 
per plot S ton 8*6 to 8*0#

Trials o f Hitler and Xsard (1058) indicated 
that sine sulphate had m  offeet in controlling tobacco 
aosaic vims disease*

P m m  £& (1065) found that hop curl diseas© 

of hop plants ms noticeably inhibited lay spraying or
irrigation with salts o f stno*
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Ĉt| ĜtRTpI q&$P&6P OQOBEOSSBEI q©*& qqppt @% qqSaoaq CtUt|& 

apssm tows tso (poot) wSsqo^ jo oqaacpsodta

*S!£S|& osoqqoo P?H5 0I&Y& 

s’psod soqw&o o$ oxqt^oootjc ozco osm oqootS ©ssraqo^ 

qn©Y©U©p ©setiotoa po^scdes <exi) siosspo

♦sysopa 'tpt&m

op mm tQA©t Soi0m tj potpoes stapA jo ttopqos^soottoo qpq 

*£p<Mi?s ©goooSroa sp osoosoop v mx& pear®os sm o©%<k^& 

osoGOpp ©pesoa j© &pni09U¥ qoqq paaxesqQ (SSGt) puaoa 

pm oprcofi loq«oxd ooooqoq is© opopsq oqq



V tm m  and PoiiM (1002) ©beai'vod t o t  m calc  

vims toflaetod tobaee© plants ton gmm at d issen t 

m ltfm m m , levels pfedueod higher virus o©nncmteti<m to  

plants reeoivlitg mlyMerma at optima for plant growth*

êeordtog to Sastsgr (1062) vim 3 ecmeontmtlon 
ia positively correlated with plant pewth* So found to t
to  msdmn eancenbration of vims m3 obtained at to  
level optima tor growth at oil stages following Inoculation*

Pmsa jgfc ,& (1065) showed that hop eax& disease
of hep plants ms inhibited by spraying on irrigation with
salts o f  mlybteam*

■OBPgOg

jteeosdiog to losing and tfarlta (19S7) coppo*
is an intrinsic ingredient of toteeee eodqIc vims#

Sastry (1063) noticed that to  locals of copper 
favouring optima growth of sanhsap increased to  concentration 
of virus to plant tissue*

tetry (3084) aosfimod these m m Its by tortor
erpoxinento*

qhlogina

Jfterto (1033) famd that oxooso chloride to to  
sail ssmcbento strongly accelerated to  aGwaaent of x vims 
of to  potato plant*



MATERIALS AND METHODS
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Sterilisation of tho conosoto cylinders was done 
by stuffing trash and dry loavos Inoido and homing and 
than 2X5!iovlng tho ach before filling#

4* Application of fortlllcors and secondary natrionto

Tho ostia?© quantity of nuriato of potash* slaked 
lino and naguooto oarbanato uoro applied to tho coil, 
thoroughly 8&»3d and allowed to Ho over for a mck*

The pells

One fourth of tho omonto phosphate me then 
mlsod with tho soil and tho pits uoro fiHod# Tho remaining 
quantity of canoniun phosphate me applied 5a'thro© equal 
weekly instalments# 4S0 go# of asaooian ©ulp&ato van 
applied on 18-12-1007* 45 days after planting, The asseoniua 
phoophato end acnonte sulphate ucro applied and taiscd with 
tho top ooil to a depth of 4 inches#

S# Plnntlnff

Planting me don© in tho centre of tho sing on 
2-H-X967# Planting mas done in each a my that tho Hainan© 
mo completely below tho coil surface# Twelvo plants* 
randomly selected wore planted in an adiaeent plot to chock 
whether tho eudioro voro originally dicoaeo-frcG*
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top disease*

Koi$at of tho plant* 2 ho hol$it of the plant «ao 
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(£) Presence of irregular* nodular dca& groan stroaho 

oom along secondary veins o f the leaf blade* along 

loaf stalls ana along the louer portion of tho 

midrib*

( i i )  Shortening o f length and width of loaf*

(£11) Harsh and brittle nature o f petiole and lamina*

corrugate a nature of nature loaves and upward rolled 

margins of young leaves.

(iv ) Absence o f normal elongation of tho potiolo causing 

loaves to assume an unusually onset position* time 

lending to tho 'rocotto* condition*

(a)
Analysis o f camples of soil* loaf and root yore 

dona for nitrogen* phosphorus* potassium* calcium and 

magnesium. ?ho samples uaro token from a ll tho 23 plants 

befare and after tho transmission of virus* ‘She first  

sample was taken 3 days before tho roloaso of tho aphids 

and tho second §0 days afterwords*

nitrogen was estimated by KjeXdoKL method as 

given by Piper (1000)* Phosphoric acid and potash wore 

determined by tho notbod adopted by tho A.0*A*C* (1D60)* 

Vcrseno (disodium dihydrogon ethylene diasino totra-acotle 

acid) method as given by Jachoon (1053) was adopted to 

estimate calcium and magnooiTHU



RESULTS



Growth noacusemonfea o f (all pi onto woro recorded 

at waehly Into wale t o  two months after pleating and 

voro continued for four months* Height of plants* girth 

o f psondoatca* motor o f folly opened leaves and length 

and width o f leaves wore recorded* Inoculation with 

infective aphido was done on 31-1~1DG3 io« 00 days after 

planting* The number o f days tar: on far the oppcasanco o f 

disease cynptons was noted* Samples o f soil* lea f and 

root wore eoXXoetcd fron dX  treatments boforo and after 

the transmission o f rim s and chemically analysed for 

nitrogen* phosphorus* potassium* calcium and magnesium*

The auorago growth measurements such as height 

and girth o f tho pi onto* xrnabor o f fully opened loaves and 

length and width o f the loaves observed at weekly intervals 

are presented la  Tables X to V* There was Increased growth 

rate for a l l  characters t i l l  tho appearance of disease 

symptoms* Tho plants ceased to increase their height and 

girth after tho occurrence) o f tho disease* Tho length and 

width o f newly emerged loaves o f tho disoasod plants 

do creased and Xator tho leaves foiled to csaorgo fully*

Tho growth rseacurGmonta two days bofbxe and 105 

days after inoculation were statistically analysed. Tho 

analysis o f variance tables aie given in Appendices X to X*
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AwasigG gsovtfo noaouKjncnto at v»c!Oy l&tonala 
Ifc&tboj? of ftaiy opoaoa loavoo

Date of
mamtoosmt

Sxooteaent
X

7rcatncnt
8

SSG&teSDBft
3

^roateont
4

a*%*&a 3*00 5*00 3*72 3*86
1S»1«83 3*85 6.43 4*23 4*28
23-SW38 G.71 6*00 6*00 4*83
S9^U63 7*5? 6*85 6*72 6*71
S *S 8 8*15 7,83 6*48 6*57

28*2-68 8*71 7*85 7*24 7,00
XG-3-G3 9*48 3*57 7*85 8*00
3G-2-63 20*00 9*67 3*04 8*43
4*3*68 20*48 9*85 8*85 8*67

11-8*63 22*24 29,57 0*24 0*24
28-3*68 22*85 22*24 20*14 0*67
SS-3-6S 13*72 22*72 20*85 20*88
2-4-63 13*72 22*14 22*33 30*67
8-4-68 23*71 23,43 12*57 20*83

23-4-88 2D.S? 23.14 28*48 32*6?
sa-4-os 23*71 23*48 12*85 22*85
80-4-S8 23*83 34*48 23,48 22.42
6-5*68 24*48 16*00 14.90 22*67
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Thoro was significant dlffarcneo fcotvocn tho 

treatments boforo tho transmission of tho virus showing 

that Growth Sato mo not uniform for e ll treatments*
After tho transmission of tho virus thore mo no 

significant difforonco in growth characters ho tween tho 

tsoatsontD*

Anocaranco of dlooano .gggotona

Tho cusnbor o f days tohen fas tho appearance of 

symptoms in tho diseased pXanto undos various treatments 
are given in Tablo VI* The analysis of variance is given 

in Appendix XI, There was significant difference between 

tho treatments*

It  can bo soon from Tablo VI, that tho control 
plants contracted tho dicoaoo oarllor than tho treated 

plants, Tho mnfcor o f days tahon for infection varied 

fion 30 to 43 for control and 38 to 70 for treated plants* 
/  Soma plants in treatments 8, 3 and 4 have withstood 

infection for 200 days after planting, that is , t i l l  tho 

end of tho experimental observations. It  is ospcetcd 

thoso wiH give normal bunahoo* Tho number of plants 

infcctod in tho treatments 1, 2, 3 and 4 wore seven, flvo, 

six end four respectively* Treatment 4 had only fbur 

infoetod plants out of seven inoculated, followed by * 
treatments 2, 3 and a* Tho plants under troatnonto
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TADLC m x
Mean phosphoric acid (PgOg) content o f loaf ssnpOLop after 

tho Incidonco of tho dicoacc*

(ESprooced ao percentage on oven dry basic)

Xroatoont £ Treatment 2 Troatnont 3 Treatment 4

0.421 0*301 0*414 0*470

(c) JBafegggtoa
(i> fiatasoiacijfeafcag. bQjfora JfoajtrgnszAspion ofivlran

Tho analysis o f variance for tho uptoko of 

potassium before tho trancalsslon o f virus la presented in 

Appendix XVI* I t  vac ccon that tho variations between tho 

calcium oxide and mafpzooiuia oxide treated and tho control 

* plants voro statistically not cignlflcsnt*

Tho noon uptako o f potassium before tho trans- 

doolon o f virus io Shown in Table XIV* limcfaim absorption 

o f 4*?0C$ potash was in control plant9 *M lo plants 

rocoiving tho highest levels of calcium osido and oagn&siua 

oxide had tho minima content o f 4*099$.
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tt° tip CElTCOĈcd

jo sqo oipj poorpos Gooop SupGCoioup up oppro

cnpconSGo p«D oppio TunpDpco jo nop^copp&aiD ats&

bcM^v J° onpoA qxso/iot

ci& ponap ĉtropd portico ouj *J&T3*V ponmtc y ■+.
•ox opxso onpoosDcn puo oppso cnpofco jo cpoAOp ^coqSpij 

OtspApooax ^nopd qz& opptsa 6ĉOQI°v uop*<Uofjqtj niEpma oqq,

po^otio s QOGĈUCaS *$£ OXQO£ Bp UCApO Cp CCOOCpp Ot|£ JO 

oouoppcup Gt& aopfja tmpsctj^od jo o^dn mou otjs

•pC^CCO cqq. <lOAO ĜtSDptf

po^coj^ oppso cnpooi&ca pm? oppito tsnpopco tip cmpcc^od

jo orphan ot& op oouascjjpp ^Goorjpu3po ctt gca oao^s "*

•II AX SppOOddv ep GOAP0 Gp OOtfOpSOA Jo GpĜXGTSO oq^ pxm 

.£ppcopqsp?,o3D postpone as on osoacipp oiR jo oouopponp oi&

Aocjjo nnpsco^od jo uop^&tosqo oqq. uo c^cp oif^

0G0*1> UcZ'v D3T*£ 9C&*®'

qaoa^ooxs g 411033003 £ 3 qwocapjcaa X qtxou$aG&&

(Opaoq &ip noao no oSo^uoCkiod go posooadsjf) 

ocspa, jo
nopospcsucaq. 0% oaojoq soptoc joop jo t̂iôGOO qoo^od noon
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v m m  xtr

Hoan potash content of leaf samples aftor tl*e incidonca 
of tho virus 

(Expressed as poreentago on oven <3sy basis)

Treatment 1 Treatment 3 T̂reatment 3 Treatment 4

4.447 4*706 4*653 4*617

(d ) Cnloiua

( i )  Calclua statas before tho trinirilaslon of tho. vima

Tho data on tho uptalco of calcium hofbro tho 

transmission of virus t*sro analysed statistically* Tho 

analysis of varioneo given in Appendix WIXX t$mr& that 
tho diffffosoaco in tho upts&o of eolcta by tho ealciua 

oxide and nagnooiun oxido treated plants over control was 
significant*

The noan uptake of calciun by tho various 

treatments bofbro tho transmission off virus Is given in 

Toblo XVI* Tho application of calcium oj&do and nagnociun 

oxido in increasing doses ineroaGcd tho absorption of 
calcium* Xn control tho calcium uptake was tho lowest*
2ho aaxtaun percentage) of calcium io* 0*646 was in 

treatment 4*
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xAELE OT

Moan calciun oxide content o f  le a f  cooples bofoio tho 
tranmisaiGn o f  vin io I

(Expressed oo percentage on oven dsy basic )

SroateDnt 1 5 roataent 2 Tiaatnent B Troatnont 4

0#G09 0#S54 0.C33 0*643

C rit ica l difference at S$ leve l # 0*08S

She sta tistica l analysis o f  tho data o f  

ealciun uptdho a fte r tho incidence o f  tho diseases Indicated 

that o i l  tho calciun oxide and nagnssiun oxide treated  

plant a had oignifieontly higher ealeiun content than tho 

control plants* 2ho analysis o f  variance i s  shown in

App&mz xx&*

Sho ooan uptcho o f co le im  i s  given in  

^able &?XX, Sroataont 4  hod tho naxtan  content o f  0*593$ 

o f  ealeim * 2ho lowest ealciua percentage o f  0.46G was 

fo r  control*



TABLE STII

liom  ealeiun oxide content o f loaf samples after tho 
Inelficnco o f tho disease

(Expressed as percentage on oven &sy Bads)

Treatnont 1 Trcatnont 3 Tsaatoeat 3 Treatment 4 

G.4G3 0*436 0*871 0*033

Critical difference at £d lovoX s 0*025 

(o) MnranonlUM

U ) aaBwgtaajftqfria alras

Tho data o f isagnociun uptalso boforo the 

transmission o f tho virus wore analysed statistically end 

tho analysis o f variance io olvon in Appendix 3DU Tho 

difference in tha uptalio o f mflnooiua between the treatments 

was significant*

Tho noon uptaho o f magnesium by tho various 

treatments before tho transmission o f virus io shown in  

Tejblo X7IXI* Tho application o f calcium oxide and 

nacnoolun oxldo in increasing doooo increased tho absorption 

o f nagneoim*



M A G N E S I U M  OXIDE CONTENT OF LEAF SA M P LE S

O 6 0 0 -
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TAEtD m n
Mean magnoclm ojddc content of loaf oonploo bofbro the 

troncnlaoion of vimo

(Gsprooood ao percentage 03 oven dxy baclo)

Treatment 1 Treatment 3 Treatment 3 Troateaent 4 

0*405 0*439 0*408 0*563

Critical difference at £$ level t 0*105

(11) Ha^^lu^tat:43^g:,QrJi^Q^^cidPncQ_of .tho. disease

The statistical analysis of the data on tho 

uptaho of mgneoto after tho incidence of tho dlccaao 

Indicated significant difference between treated and 

untreated plants* Tho analysis o f variance is  given In 

Appendix SKI*

Tho man uptofco of oagnoolun io furnished In 

Tablo SIS* Tho EiosSteua content o f 0*57u,3 UgO vao In 

treatment 4 and tho lowest of 0*3SS# In tho control*
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(11) Ĵ SPto.iuQ-£&afoao... ogfceg.,t.ho .Ineiaoneo of tbo dlrsiBQ

<543S*S3

5I*3I<*40 CJ

1

OoauoO
1

1

8
iko*jC3

CM

O
£ 

8 
$

 
$

MM8PD«£<H

* 
7 **>



*  63 -

TADLC mx
Mean phosphoric acid (PgOg) content o f loaf ssnpOLop after 

tho Incidonco of tho dicoacc*

(ESprooced ao percentage on oven dry basic)

Xroatoont £ Treatment 2 Troatnont 3 Treatment 4

0.421 0*301 0*414 0*470

(c) JBafegggtoa
(i> fiatasoiacijfeafcag. bQjfora JfoajtrgnszAspion ofivlran

Tho analysis o f variance for tho uptoko of 

potassium before tho trancalsslon o f virus la presented in 

Appendix XVI* I t  vac ccon that tho variations between tho 

calcium oxide and mafpzooiuia oxide treated and tho control 

* plants voro statistically not cignlflcsnt*

Tho noon uptako o f potassium before tho trans- 

doolon o f virus io Shown in Table XIV* limcfaim absorption 

o f 4*?0C$ potash was in control plant9 *M lo plants 

rocoiving tho highest levels of calcium osido and oagn&siua 

oxide had tho minima content o f 4*099$.
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v m m  xtr

Hoan potash content of leaf samples aftor tl*e incidonca 
of tho virus 

(Expressed as poreentago on oven <3sy basis)

Treatment 1 Treatment 3 T̂reatment 3 Treatment 4

4.447 4*706 4*653 4*617

(d ) Cnloiua

( i )  Calclua statas before tho trinirilaslon of tho. vima

Tho data on tho uptalco of calcium hofbro tho 

transmission of virus t*sro analysed statistically* Tho 

analysis of varioneo given in Appendix WIXX t$mr& that 
tho diffffosoaco in tho upts&o of eolcta by tho ealciua 

oxide and nagnooiun oxido treated plants over control was 
significant*

The noan uptake of calciun by tho various 

treatments bofbro tho transmission off virus Is given in 

Toblo XVI* Tho application of calcium oj&do and nagnociun 

oxido in increasing doses ineroaGcd tho absorption of 
calcium* Xn control tho calcium uptake was tho lowest*
2ho aaxtaun percentage) of calcium io* 0*646 was in 

treatment 4*
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xAELE OT

Moan calciun oxide content o f  le a f  cooples bofoio tho 
tranmisaiGn o f  vin io I

(Expressed oo percentage on oven dsy basic )

SroateDnt 1 5 roataent 2 Tiaatnent B Troatnont 4

0#G09 0#S54 0.C33 0*643

C rit ica l difference at S$ leve l # 0*08S

She sta tistica l analysis o f  tho data o f  

ealciun uptdho a fte r tho incidence o f  tho diseases Indicated 

that o i l  tho calciun oxide and nagnssiun oxide treated  

plant a had oignifieontly higher ealeiun content than tho 

control plants* 2ho analysis o f  variance i s  shown in

App&mz xx&*

Sho ooan uptcho o f co le im  i s  given in  

^able &?XX, Sroataont 4  hod tho naxtan  content o f  0*593$ 

o f  ealeim * 2ho lowest ealciua percentage o f  0.46G was 

fo r  control*



TABLE STII

Moan eaieiun oxldo content o f loaf nanploo after the 
incidence) o f tho disease

(Expressed as percentage on oven dry Bads)

Treatnont 1 Trcatnont 3 Tsoatocat 3 Treatment 4 

G.4G3 0*436 0*871 0*033

Critical difference at £d level s 0*025 

(e) Maraaenliia

U ) ffimglm-atigtqg alras

Tho data o f Eiagnooiun uptalso boforo the 

trancni scion o f tho virus wore analysed statistically and 

tho analysis o f variance io given in Appendix 3DU Tho 

difference In tho nptaho o f mflnooiua between the treatments 

was significant*

The noon uptafce o f nagnoeiua by tho various 

treat&enta before tho transmission, o f virus io shewn in  

Table X m i. The application o f calcium oxide and 

nacnoolun oxide in increasing doooo increased tho absorption 

o f nagneoim*
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TAEtD m i x
Mean magnoclun ojddc content o f lo a f oonploo bofbro the 

troncnlacion o f visuo 

(nxprooccd ao percent ago on oven diy baclo)

Treatment 1 Troatnont 2 Treatment 3 Treatment 4 

0*405 0*439 0*408 0*563

Critical difference at 8$ level » 0*105

(11) .tho. disease

7&© statistical analysis of the data on tho 
uptaho o f mgneoto Qftor tho incidence of tho dlccaao 
Indicated significant diffcrcnco between treated and 
untreated plants* Tho analysis o f variance Is given In 

Appendix SKI*

Tho man uptofco of nagnoolua lo furnished In 
Tablo SIS* Tho ms2sm content o f 0*57u,3 UgO was In 
treatment 4 and tho lowost o f 0*3SS# in tho control#
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TABLE XIX

lloan magnooiun oxide content of loaf oanplos after t o  
incldoneo of t o  disease

Treatment 1 Treatment 3 Treatment 3 Treatment 4

0*386 0*463 0*443 0.370

Critical diffcrenco at §1 lavol i 0*134

( « )  fialftte.PriflefaaTOci'tq  w & t e J M a

( 1)  £ h o . .ratio b o f t a o  tho trangnlsrlon o f  r i a e i

Tho analysis of varianeo tablo to furnished 

In Appcn&ls XXII and It  showed no olenifieant difference 

botuoan t o  treatments. t o  hlchoot ratio of 1*446 was 

obtained in t o  control and to ro  is a gradual deereasa 

of tho ratio in t o  caleiua oxldo and oaGnosta oxido 

treated plants* Tho lowest ratio o f 1*193 was In 

troatont 4* Tablo XX presents tho moan Ca0/>!gO ratio in 

t o  loaf before tho transmission of virus*
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Mean CaO/HgO ratio of loaf campion boforo tho transmission 
of virus

TABLE XX

Treatment 1 Treatment 2 Treatment 3 Treatment 4

Appendix xxnz Givoa tho analysis of variance 

and Tablo XXI pro cento tho noon CoO/MgO ratio in tho loaf 
after tho incidence of tho disease* Tho difference bo too on 

tho treatments is not sicalfleanta Tho highest ratio of 
1*337 was in control*

TABLE XXI

tlooa CaO/ilgO ratio loaf namplos afffeor tho incidcneo off the 
, tho disease

Treatment 1 Treatment 2 Treatment 3 Treatment 4

1*44S 1*337 1*361 1*103

Cii)

1.337 1*109 1*21? 1.102



<g) O alcte ozldQ^luo.fflagsosittT .oslflQ

* ratio

(1) T.he_ratio_bQfore tho trang^jgalo^ og__tho...vlma-

Tho analysis o f varianco is  givan in  ApponSix 

XXIV# Tharo was significant difference bottroon tho 

treatments*

The noon value is  furnished in Tablo XXXI*

There is  a gradual inoroaoo in tho ratio by the application 

o f eolciun oxide and nagnesiim oxido to tho soil* Although 

tho CaOiMgO ratio in tho soil was nalntolnod at 3*1 o f 

added eolciun and nagnosltn, tho absoluto quantities o f 

CaO and HgO seen to havo on of foot in causing a gradually 

ascending ratio o f CaÔ IgO/KgO in the loaves# She loucst 

value o f 0*199 van in treatment 1 and 0*309 uao tho 

highest value far treatment 4#

TABLE XXII

neon CaO + HgO/Kjp ratio o f loa f samples before the
transmission o f virus

Treatment 1 Treatment 3 Troatisont 3 Treatment 4 

0*199 0*334 0*353 0*309

Critical difference at &$ lovol : 0*049
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(11) She, ja tla -o fto r tha lnc3.6eneo._oy tho .aiseata

Appendix XS? glares tho analysis o f variance 

and Table XHIZ prcsonts tho neon valuo o f CaO + HgO/K̂ O 

ratio* There is  no significant difference between tho 

treatments*

In this case also thoro in a gradual incraaso 

in the ratio by tho application o f calcium oxide and 

magnesium oxide* The maximum value o f 0*271 was far  

treatment 4 followed by treatment 3* Tho lowest voluo o f  

0,104 was for tho control*

TABLE x m i

Mean CaO + HgOAgO ratio o f  lo a f sample a after the Incidence 
o f the disease

Treatment 1 Treatment 2 Treatment 3 Treatment 4

0*034 0.205 0*221 0*271

(a) iiits s m

(i> ,.t^,,tK^£S3iM9su50aiaa

The data on tho nitrogen content o f root camples 

aro given In Table XCT* Tho analysis o f variance is  

presented In Appendix XWI* There is  no significant
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<&) IhafflftOMa. status a fter tho incidence o f  .thCL.dlsoasQ

Tho data on tho phosphorus status a fter tho 

incidence o f tho dicoaco uoro analysed sta tistica lly*

Tho analysis o f  variances given in  Appendix XXIX ohova 

that tho difference in  tho uptaho o f  phosphorus by tho 

calcium oxide and nagnoclun oxldo troatod plants over 

control was not significant*

Tho eg an uptoho o f  phosphorus by tho various 

treatments o ft  or tho incidence o f tho disease is  given 

in  Table OTIX*

TABLE m i l

Hean phosphoric acid (PgOg) content o f  soot samples a fter 

tho incidence o f  tho diceaco.

(Expressed as poreontago on oven dry basis)

Treatment 1 Treat sent 2 Treatment 3 Treatment 4 

0*216 0*218 0*218 0*213

(c ) ffotasslua

( i )  Potassium.status before .the transmission of.virus

Tho data on tho potash content o f  roots 

before the transmission o f  virus tiero analysed sta tistica lly* 

Tho analysis o f variance table is  given Appendix XXX* Tho 

difference in  tho potash content between tho treatmentsvno 

significant*



P O T A S H  C O N T E N T  OF ROOT

T  <400

7  2 0 0

X
tn

t
a

u.
0

Ul
13

i
Z
u
u
a
Hi
a

6  BOO

S  'AOO

6  o o o

5  e o o _

5 200

-4 BO O

4  400

-T i 1 T r S -T r 3

■■ace
l l l l l

T r - 4

BEFO RE V rR U & T R A M S M )E S lO M A T T & B  D i^ E ^ S E  IK C lD E N C E



-  81 -

Tho moan uptako of potash content before tfco 

transmission o f vims is furnished in TabXo X&TXXI*

The nastea potash content was noticed in 

treatment 4 fblloucd by treatment a 3 end 8# 2 ho lowest 

uao in control*

It  was evident that the uptolso o f potash 

content bofone tho tranoalssion of vims is increased 

with increase in levels o f coXeinm oxide and naenociisn 

oxide application*

t/ssle w in
Kean potash content o f soot samples before tho transmission 

of virus
(Expressed as poreontaeo on oven dry basis)

Treatment X Treatment S Treatment 3 Treatment 4

4*704 6*004 6*749 6*911

Critical difference at S$ level i X#e71

( i i )

Tho analysis of variance for tho potabh content 

of root sanpios after tho incidence of tho disease is  

givon in appendix XXXI* Those is  significant variation 

In tho content of potash duo to treatment offsets*
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The moan potash content after tho Incidence o f 

the dicoaco is  given in Table XSXX* Tiia potash content 

o f soots I d Incroasod tjitb increase in levels o f calcium 

osddo and nagnoste onldo*

Tho Bradman content o f potash is  in treatment 

4 io* 7*2223 followed by treatment 3 and 2# Tho lowest 

voltio o f 4*930$ is  in control*

I f f l E  OTX

Moon potash content o f soot samples after tho incidcnco 
o f tho disease 

distressed as percentage on oven dzy basic)

Treatment 1 Treatment 3 Treatment 3 Treatment 4

4*059 6*435 6*933 7*222

Critical difference at 6$ level t 1*357

(d ) Calelnp

<D ^alci^^afemJboftore-the _trangalssicm_o£ vlsng

The data on tho uptake o f calcium osido bo£bro 

the transmission o f virus wore analysed statistically* 

Tho analysis o f variance is  given in Appendix XXXIII* I t  
shows that tha difference in tho uptako o f calcium 
bottioon tho treatments is  not significant*
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Tho noon uptolio of calcium by tho various 

troatnonts bafbro tho transmission of virus is furnished 

in Tablo XXX* Tho calcium content of roots chouod a 

tendency to increase with increase in lovolo of calcium 

onido end Qognoslm ©sldo* Tho control plants showed 

tho lowest calcium content of 0*013.3. Tho highest 
content of calciun was in treatment 4 and tho percentage 

of ealciun oxido ms 1*331*

TADX* E XXX
tJoan calciun ojddo content of root samples bofbro the 

transmission of virus 

(Expressed as porecntago on ovon dry basis)

Traatacaat 1 Treatment S Tseatant 3 Treatment 4

0*913 1*101 1*347 1*331

The analysis of vaiionco is  fumlshod in 

Appendix XXXIII* There is so significant difforones 

between the treatments*

Tho raoan CaO content of roots is ftimighofi 
In Tablo XXXI* Tho plants receiving tho highest lovolo
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of calcium oxido and magneoiua osldo Showed tho mstaa 

posroontago of 0.843$ of Cati» Tho lowest ma fbr tho 
treatment 3.

Tho re la a doaroaco In tho CaO content of the 
soot a afbor the incidence of tho disease.

table XOT

Kean calcium ©side contont of root camples aftor tho 
incidence of tho disease 

(Expressed qo percentage on oven dry basis)

Treatment 1 Treatment 3 Treatment 3 Treatment 4

0.739 0*770 0.713 0.313

(0 ) M aM gfca

(1) Mngnoalaa ntatug.boforo tho trannalonlon_.of vims

Tho statistical analysis of tho data on tho 
uptake of ssacnosltm aside bofbro tho transmission of vims 
Indicated a i E n l f i e c n t  difference between treated and 
untreated plants# The analysis of variance Io given In 
Appendix x m v «

Tho noon uptake of magnesium osldo la given In 
Table XXXII. Tho aagnooiua osldo content of roots 
Increased with Increaco In levels o f calcium osldo and 
raagnccitEi osldo. Tho maatoai HgO content o f 1.253# was 
In treatment 4 end tho lowest of 0.0X0# was In control*
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S fflG  XXXII

Sloan nagnositm osido content of soot ampler before the 
transmission of virus 

(Espsosood an poreontaoo oa oven dry baslo)

Treatment 1 *?20atoat 8 Treatment 3 Greatest 4

0*010 0,060 1*113 1*801

Critica l difference at 8$ lavrcl t 0,172

(U)

Tho analysis of variance ftimishcd in Appendix 

XXftf cheuod significant difference boteon tho tsoatnonto*

£ho Boon uptaho of saenoplua osldo after tho 

incidence of the disease lc given in 2ab!o XXXXIX* Tho 

naston npts&o was in treatment 4 and tho lowest was in 

treatment 3#

There was a mriicd doenoaco in tho aagnooiun 

o:d.de content after tho isoldonco of tho disease in a l l  

tho tseatnonto*
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TABLE m i l l
Moon nagmoolun osldo contont of root ssnploo aftor tho 

incidence of tho disease 

(Expressed qo percentage on ovon dsy basic)

Treatment 1 Treatment 3 Treatment 3 Treatment 4

0*609 0*002 0*669 0.830

Critical Oifforonco at 0% level a 0*302

( i )  fJicLiaUa. jB flM aJam J^^aaio ftJtJU zlfflua

Tho onalycio of variance tablo io furnished In 

Appondis XXXVI and thoro Is no significant difference 

botuoen the treatments* Tablo XXXIV presento the mean 

CaOAlgO values*

TABLE XXXIV

Hcan CoD/tfgO ratio of root oomplos before the transmission 
of virus

Treatment l  Treatment a Treatment 3 Treatment 4

1*073 1,144 1.123 1*133
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DISCUSSION



BIOTOSIOH

The investigations on the nutritional statue 

of coilo end tho incidence of the Eunohy top disease of 

tmona vox© started at tho Agricultural College and 

He search Institute* Vollsyani as a continuing programme 

of research ten  1962* Successive postgraduate students 

wax© put on to this research* to vor£ out of different 

aspects of tho problem* Tho earlier investigations on 

the subject by Haafeiar and Hair (1065) had revealed that 
—- t o  sails of infected regions wars more acidic* higher 

in organic natter* higher in nitrogen and available 

phosphorus* but lover in total potassium and calcium and 

very low in magnesium* The application of lirse in 

combination with U P K had little  effect on tho incidence 

of tho disease as measured by tho delay in infection* 

ubilo magnesium done or in combination with ealcii® was 

found to ©sort an appreciable influence on t o  incidence 

of tho disease* by delaying tho appearance of symptoms* 

Further studies by Hair and PiXlai (1966) had indicated 

that leaf canplos ten  infected plants had a higher 

concentration of nitrogen* potassium and phoaphorac than 

in toco ten  healthy ones* Ho such relationship existed 

in t o  easo of calcium and magnesium* which indicated a 

different rolo ployed by those elements as compared to



nitrogon, phosphorus and potassium* Tho plants which 

dolayod tho infection had a higher content o f  calcium and 

mgnooiUEi as compared to plants *Meh contracted tho 

disease earlier* I t  was also noted that tho calcium 

orddo/aagnosiwm oslOo ratios in tho loaves had a decisive 

influence in  delaying tho Incidence o f tho dicease* A 

calcium oid de/magnsninn onide ratio o f 0*5 or a calcium 

osida plus magnesium ostdo/potassium onido ratio o f near 

about 1*09 in  tho leaves was seen to be c r it ic a l in  respect 

o f delaying tho symptoms o f the Bunchy top disease* Calcium 

o r oagnoaiua alone did not have any significant influence 

in  delaying tho Incidence o f tho disease* Subsequent 

studios by Hair and George (X9C6) revealed that tho 

CaO/ilgO ratio in  tho loavoa was not the c r itica l factor, 

but i t  was tho CsO + HgOAgp ratio which had an effect in  

delaying tho incidence o f tho disease* Anatomical studios 

by Hair, Sroenivasan and SxeeSnmri t e a  (19G6) had 

revealed that in  tho cose of diseased plants grav in g  on 
so ils  with Ca0/ilcO ratio o f  3*0 the parenchyma, 3^1 cm and 

phloem co lls  of tho lo a f sheath had dimensions approaching 

that o f healthy plants* Cell degeneration and disorganisation 

wore soen gsoatly retarded in  plants growing on so ils  with 

a CaO/MgO ratio of 3*0* I t  was considered possible that a 

definite CaQ/lJgO ratio in  tho plant tissue, rather than in

tho nutrient ncdluG, is  what would contribute towards 

raoiotaace to ce llu lar chances consequent on virus infection#



Tho precent studies voxo oisscd at elucidating 

tho possibility  o f controlling tho CuO/HgO ratios or tho 

CaO *  HgO/KgO ratios in  the loaves by regulating the 

contents o f  calcium, mgnosiun and potassium in  tho soils  

m d  observing tho offset on tho Incidence o f infection by 

tho Bunchy top virus# The effect o f  different total 

quantities o f calcium and magnesium in  tho m trlent xaediuin# 

hut with tho samo CoOAJgO ratio# on the absorption o f  

calcium# magnesium end potassium by tho plants vas also 

studied# Boot tissue studios wore also nado in  tho 

present investigations viiieh had not boon deviously 

conducfcod oarlior# Sineo tho previous voxks had shown that 

calcium# potassium and n&scosiusi in  the plant tissue hod an 

appreciable influence in delaying infection and imparting 

rasioteneo to tho plants* i t  m o  also considered desirable 

to increase tho concentration o f tho virus and note it s  

effect* As against tSio usual narabor o f 2Q-25 aphids 

released on healthy plants# 100 aphids per plant were 

released in  tho pro sent investigations# Tho variety o f  

banana used vas •Java1 y %Moh is  believed to bo cmswhat 

naturally resistant to Bunchy top infection# tho Idoa being 

to study whether under ealeiuswaagnosiua treatments, tho 

natural ro d  stance o f  tho variety could bo maintained oven 

with vastly increased virus concentration*
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Tho pro sent studios have shown that toes© was 
increased growth rate for oil characters o f tho plants 

t i l l  tho appearance of disooso symptoms* Tho plants 

GOQOcd to Increase their height and girth offcor tho 

occurrence of tho disease* I t  vac noticed that to) control 
plants contrasted tho disease oarllor tom in a ll other 

treatments# It  was also noted that in some eases a delay 

of 73 days after inoculation had occurred before too 

appoaronco of tho symptoms* While in corfcain other eases 

the plants had withstood Infection for more than 250 days 

after pleating (as the observations closed on too 250th 

day)® Further data on those pleats have not been recorded* 

However* It  Is Hholy that those plants will have their 

£UH life  eyelo completed without Incidence of Bunchy top#
A notable observation from tho present oxporiiaDnt is that 

tho doughtor suchors in too ealcitiEMaa^Josltei treatments 
had no primary infection* although the mother plants 

wore filly  infected. The daughter suchor in tho control 
experiment had primary infection (see photographs)# It  

would thus appear that a sufficiency of calcium and 

nagnooit&i in tho soil could completely prevent tho occurrence 

of primary Infection in cuchors of diseased plants# This 

Is on aspect which requires fuller and more complete 

investigation# It  nay bo rolowent in this contest to 

note that similar observations hod boon roeordod from 

Australia as oaiiy as 1023* but could not bo confirmed by 

any other woj&ors on too Bunchy top disease of bananas.
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longoot delays observed before infection, v&vq in the ease 

of plants which had tho lowest nitrogen In tho tissue* It  

is tfcorefbro possible that ealeiua and nac?iecto najr have, 
besides a direct rolo in tho plant tissue, m indirect
of foot a! go in tho control of the ddcoasa through t h e i r

by tho plants was also directly correlated to tho soil 
contents of eaieltm and oagnesluas.



Ibs nutrient contents of tho tissues# however# 

followed an erratic course in tho oaoo of tho treatments. 

This indicates that however much one attempts to control 

soil ratios o f nutrients# the process of absorption 

follows a certain course which cannot he predicted with 

precision© While tho uptatto of nitrogen was rosy decisively 

influenced ey tho prosonco o f Galeiun and raagnosium# 

phosphorus was not* In tho case of potash# maximum 

absorption by the plant was noticed in tho absence of 
ealciun and magnesium before the transmission o f virus. 

Plants receiving highest level of calcium and magnesium had 

tho lowest content of potash# although, after tho incidence 

of tho disease, tho lovost voluo was observed in tho ease 

of control plants* In tho caso o f calcium and monosiua# 

tho absorption by t o  plant was directly related to their 

concentration in t o  soil* The calcium oxlde/hsgnealum 

oxide ratio in the loaf in the various treatments towed 

no significant difference before tho transmission of virus* 
This ratio was also not significantly different, after the 

Incidence of tho disease. In t o  caso of calcium oxide + 

magnesium oxido/potassiisa oxide ratio* t o r e  was significant 

difference between t o  treafeaonts before tho Incidence of 

t o  disease* This ratio gradually Increased depending on 

t o  concentration o f calcium and magnesium in the soil* 

Although tho CaOAlgO ratio In tho noil was maintained at 
dil* t o  absolute quantity of CaO/MgO had an effect in



causing a higher ratio of CaO *  MgOAgO in tho loaves.

The lovoot value was noticed in tho case o f control and tho 

highest value in tho case of treatment 4 Which had tho 

maximum concentration of caleim oslde and magnesium oside 

in the ratio Ssl in tho ©oil* It Is significant to note 

in tliio connection that tho longest delay in the incidence 

of tho disease was noticed in tho cggo of plants with tho 

highest CaO ♦ HgO/SgD ratio* Tho present studies would 

thoreforo indicate that tho 0*9 ♦  HgO/£ )̂ ratio in tho 

plant tissue Is  related to the rod stance o f tho plants to 

Bunchy top disease but tho esaoi magnitude of tho ratio at 

which tho plants become resistant or tho nannor and method 

of control of tho ratio in tho plant tissue aro matters for 

further investigation* I t  does not appear that controlling 

tho plant nutrient ratios in tho soil can give any desired 

CsO + MgOAgO ratio in tho plant tissue*

In tho caso of root tissue studios* a notable 

observation is  that the absorption of nitsocen and phosphorus 

was not significantly different in treatments* However, in 

tho caso of potash thoro was significant diffoxonco* The 

Gsooimt of root potash was increased with increasing quantity 

of calcium and nagnasiun in tho soil* Tho root potassium 

is  directly proportional to tho amount of calcium and potassium 

present in the coil* It  is  also Interesting to noto that 
tho mae&issB contents of potash in tho root tissue coincided 

with tho a o a jb a tm  delay to Bunchy top infection* Boot calcium



vac also dependent on the csoil concentration o f the 

element* However* a ft  or tho incidence o f the dicoaco* 

thoro m s a decrease In  the content o f  ca lc im  In  &10 

roots* which can he explained as due to increased rate  

o f  transXecatioa within the plant* The mgnssiim oxide 

contents in  the root tissue also followed the sane 

pattern no ealeiuo. A vesy interesting observation in  

th is cosnectien la  that tho CoO + HgOA^O ratio  in  t5jo 

roots io  net sign ificantly  different between treatments 

before tho incidence o f  tho disease* However* a fte r  the 

incidence o f  tho disease* tho ratio  i s  seen considerably 

lowered in  a H  tsoatnontg* I t  io  possible that th ie nay 

either be duo to d iffe ren tia l absorption o f  tho nutrients 

o r due to translocation fsca the roots to tho disease 

affected portions o f  the plant*

Tho pro cent studies have sore or le ss  convincingly 

indicated that the calcium oslde plus nagnosita oxide/ 

potassium osldo ratio  in  ths plant tissue exerts so*e 

inauceico on the resistance o f  tho tissue to infection by 

tho Bunchy top virus* I t  io  bowovor d if f ic u lt  to conclude 

what exactly tho ratio should bo in  order to to ta lly  

prevent infection* o r tho nazmor and mothod o f ensuring 

such a ratio within tho plant tissue* An observation 

which is  o f  into rest in  this connection is  that o i l  healthy
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plants which withstood Infection had a C&O/McO ratio  In  

tho lo a f tloouoj o f  s lightly  afcovo l*03fl Irrespective! 

o f trcatncnte* Whether control o f  plant nutrients In  

the so il notes* w ill  ensure a doolred ratio In tho plant 

tissue w il l  require Investigations un&ar mch noro 

controlled conditions than could bo mdo available) In  

tho psocont study*



SUMMARY AND CONCLUSIONS



S&2JAKX ASiD COI3&0SIQ83

Bsporlnonfcs tioro la id  m b  undor oool-fio ld  

conditions to study the offset o f  eG&bino& application o f  

eaiciun aside and mgaoaiun osldo at different concentrations 

to aoil In tho ratio o f  3si* Tho absorption o f  s a lc to ,  

nacnosiun, nitrogen* phosphorus and potaesiun by plants 

t e a  oollg containing varying quantities o f  eaXcius oxide 

and saagQaoitm oxido mo studied# The plants wcro aXXowcd 

to bo infect od by releasing the virus carrying aphids aftor  

tho in it ia l  period o f  growth, to study wflisthar thoro was 

any resistance to tfeo incidence o f Bunchy top* She results 

ato  siEmrlood fcoloui-

1# A ll the plants In the control contracted tho 
disease oarlior than tho treated plants* The mtnbor of 
days tahon lbs* infection varied froo 30 to 42 fo r  control 

and 30 to ?s fa r  treated plants* Scne plants in  troataonts 

3, 3 and 4 have withstood infection fo r  280 days a fter  

planting, that i s  t i l l  tho end o f  the esporlnental 
observations* I t  is  oxpoetcd those w ill  give nossaltmichss*

3. She uptahe o f nitrogen by tho plants decreased 

with increasing levels o f caleius and aagnooius* There was 

on increase in  tho nitrogen content o f  loavoa a fter the 

incidence o f tho diooaco*



S* Tho longest delay In tho inoldonca of tho 

disoaoo woo fcotlcod in tho ease of plants with the hi ghost

TT
*r



REFERENCES



AkaSso, 3. and 2963 Studies on potssoinsi eonfcont 
o f virao diseased tobacco 
plants cultivated by 
dlffbrsmb <rcanbitio3 o f  
potassta*
Knecnhim.

Alvin, P.

ISCKyZZMG

2950

2953

Minors! deficiencies end 
lea f foot disease in

Bev. CejQw. /

Asens, B# 1949 Potassium osporisonts on the 
InSLnanee of different 
kinds o f fertilising on 
health  and loa f vo t 
infested potatoes*&* PQ* EatowK* flmg- 
114-132* ^

Barden, P.O. 29SS Plant Pathology DovoXopscnt, 
Effect o f nitrogen on 
CanllfXoyor nooaie vimo* 

o«p> JSfea-

I960 Plant vimoes and viru3 
diseases. M t t m . Mass* Vj& A p m - s m

Bswdan, F.C. and 
Kossonio, B#

1950 Soae offccto of hast
attrition m. tho aa ltip li-  
cation o f vimo.
Aim* Ami. M ol, nr? 1 sis-ssa

Best, R*« * and 
Gallne, B.F.C.

2963 Soso effects o f co calc virus 
on nitrogen and phosphorus 
Dotafcolica in tobacco plants 
Stafeira* 2ZS, (4373) 1 147.



SGS-DD8 0)?f aouo.T^no
iP (UOTTÊo ^oscaj
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APPENDICES



*£■ j /  v/1
APPHJMX X ^ /r

Analysis o f  variance 

Height o f  plants boforo t o  transmission o f  v irus

Sourco s .s * D.f. Varianco Variance
ratio

Total 32351*00 27
Block 23293.00 6 3382*16 * 11*470 **

Troatoonts 3469.64 3 1150.546 3*410 *
Srror 6033*86 13 338.27

*  Significant at 5# lovol 
*♦ Significant at 135 lovol

APPENDIX 11 -

Analysis of variance

lloight o f plants aftor tho incidence o f t o  disease

Source s*s . D .f* Varlonco Variance
ratio

Total 31092.80 27 *

Block 28639*80 6 3731.63 io.aai**
Treatments
Error

1781.00
6621.10

-  3 
18

593.07
367.77

1.618

*• Significant at 1% lovo l
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APPENDIX XXI
Analysis of voiionco

Girth of planto before tho trancniscion of vims

Source 5*8* D*f« Variance Variance
ratio

Total 1203*71 £7
Block 739*71 6 131*63 11*07 **
Treatments 301*00 3 100.33 9*13 **
Error 800*00 IB 11.44

** Significant at 1$ lovol

APPENDIX X?

Analysis of variance 

Girth of plants aftor tho incidence of tho dioeaca

Source S*S« 2>«f« Variance Variance
ratio

Total 1018*860 2?

Block 730*337 6 131*730 2*2£3
Treatments 103*437 3 34*476 0*637
Error 035*180 18 54*735



( l i i )

Analysis o f variance
Kifl&er of £1017 opouoa loaves before tho transfusion 

o f virus

APPE1DIX V

Courco s.s. D«f* Variance Variance
ratio

Total
Block
Troatnents
Error

86*96
46*21
20*03

20*3?

37
6
3

13

7*70
0.70

1*13

6.81**
6.01**

*• Significant at 1% levol

APPE3DIX VI
Analysis o f variance 

Etmfcor of ftilly opened loaves affcor tho incidence of tho 
disease

Source 3#s, Variance Variance
ratio

Total
KLocI:
Treatments
Error

234*63

123*43
14.07
04,23

27
6

3
13

20*91
4*09
3*24

3,03*
0.953

* Significant at Sj$ levol



<iv)

APPENDIX VII
Analysis of variance

Length of loovoo fcoSfcre tho transmission of virus

Source 8.3. D.r. Variance Variance
ratio

Total

Blocls

Sraataonte
Brsor

15386.9

10335.9 

3179.1 

1871.9

27
6 1722*G5 

3 1059*70 

13 103.99

10.SS**

10.19**

Significant at 1$ lovol

APPENDIX VI11 

Analysis o f variance 

Length of loaves after tho transmission of virus

sourco S.8. ».f*  Variance Variance
ratio

Total

Bloc!;
Treatments

Error

32450.43

18338,93

6293.83
13907.67

m
6 2041*88 

3 2097.94 

18 772.65

3.643
3.716



Appnmxx i x

Analysis of variance*
Width of Icavoo bofbro tho trancolcolon of virao

Soureo S. S." D*f# Variance

Total 1221*71 27

Bloch 543.21 © 91.37 4.7©**

Troatnontn 32?.?X 3 100*24 5.©s**

Error 34S.79 IB 10*81

** Significant at 3$ levol

APFEJDXX X

Analysis o f variance 

Width o f loavoc offcor tho Inei&onoo of tho diooaoo

Goureo 3.S. 9»f« Variance Variance
ratio

Total 1221.71 27

Bloch 543,21 6 91.37 4.73*®

Treatments 327*71 3 109.24 S.C9**

Error 345.79 13 19.21

+* Significant; at 2$ lovc l



App&mix n  
finely da of variance

Kunfcor o f daya t alien for the appcaranco of tho disease 
oynptana after tho roloaGG of the aphido

Source 3*8* D*f* Variance Variance
ratio

Total 3431,30 SI
Vnaatsmto 2020.83 3 673*61 8*30*®
Error 1451*47 13 30*61

** Significant at 3$ level



(v ii>

S 18
2 

I
a $
I

a 
a

1 n
*

1
o 

^
rt 

O

* 
«

fn
n

2
8 *

i
i

l
l

i
H 

O O

44O
ss • 

ra a

•ca•ca
1 1 S

i
g

 
a

 
d

 
rl

I 
.

o
1 1

i
l

l
l

l

** Significant at 3# level

a
 

*« 
o

i
l

l
®

S
 

4
e

»

B 
O

1*
o* §

§ 1
1 

?
 

9
 

a
o

 A
S

g
 

©
 

«
 

g

s a c i
* 

• 
« 

•
g

 
<? 

<» 
a

I I
&

 
u



wo*o8Xe&j*o.sc&sn

90*08X0*0C900*0S^UOu^vC^S

91*0coo*o98X0*0SP©1B

m4ST*QTOOJi

O^TX eau»x&*AOOOQ^OA*J*G*D*Soaxtiog

easrosXP 0153 jo cdikjpt^oj ©t&
aoqj® go^Sccs js®t JO ^uo^uco (S(f3d) pp® opias&ctsa «k

eorci^A jo

/KXIGt&dd?

ee*s

09*0

049G0*

8SSTQ*

smo*

m
e

9

42

ess8t*o 

i$m* o
89930*0

4£96t*0

£0&Z3

8̂UQOVOS3£

CUOf^OXT^S’il

T^©£

COW3XM»A035E»xaisA*j*a*s*seosnog

@3?gA JO «E>XG8TC»tISJK$ 9I&
OJEOJOSI eottes Jt!0i JO 31tfyqwo (Sq3<j) pp^o o^o^boi|3 oq&

S3SG$reA JO Gfu^rimv

AEK XIQISddV

(TTTA)



$9*0
^♦o

0
0

0
 

 ̂
fl» 

^

0t
e
9
43

43$*^
^*0
mn
GC0*9

stsronaTOlea
TD^os

<W*£
OOSDtEOAsosirfsoAn*a*S*Goasnos

esrceojp oi&
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APPENDIX XX

Analysis of varlonco
Tho HgO contont of loaf somplos boforo tho troncai colon of 

tho aisoaco

,<xi)

Source s , s . D « f» Variance Variance)
ratio

Total 0 , 3 4 1 3 7

Implication a 0 * 3 7 9 6 0 ,0 4 6 5 6 , 3 3 * *

Troatmonts 0 * 1 0 3 3 0 ,0 3 4 0 3 , 8 3 *

Error 0,100 I B 0 ,0 0 3 9

* Significant at 6$ level 

** Significant at 1% level

APOTDIX XXX

Analysis of variance
Tho HgO content of loaf samples after tho incidence of tho

disoaso

Source S*S* 0«f* Variance Vasianco
ratio

Total 0,639 37
implications 0,169 6 0,0365 1,93
Treatmenta 0,133 3 0,0440 3,21*
Error 0,343 is 0,0137

* Significant at 5% leve l
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(xiv)

APPGJDIIX JOStt 

M alyoio o f variance 

7ho n itre  con content o f soot sonplco bofaro the tm nenlcoion
o f  virus

Source 3# 3# P .f« Varlonco Variance
ra tio

2©tol E»7193 £7

Im plications 2*1180 6 0*3330 1*340

Treatments C*l£?0 3 0*4230 1*603

Error 0*4743 18 0*3335

APPEIDIX s m i
Analysis o f vorlnnco

2ho nitrogen content o f root caqpXoa a fte r  tha incidence o f
the dlooaoo

Source 3*3* B *f, Varlonco

Tota l 1*3363 27

Blocks 1*4311 6 0*2335 13*33**

Treatments 0*1332 3 0*0441 2*40

Error 0*3320 13 0.0170

** S ign ifican t a t X# XovoX
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( a m i )

APPK3D2E O T
Analyaia of variance

2toe raagnoDluia oxi&o content of soot cmplos boforo the 
trancE&soion of vlmo

Source n.s» M m Varianco Varianco
ratio

s o ta 1.6D3 m
Roplicationa 0*773 0 0.130 3*37**
Sroataonto 0*477 3 o .im 0.62**
Error p*m xb o.os&

** GisnifLcimt at 1$ lovol

APPI2TD2X XOT 

Analysis of variance 

Sfto aagncalun axi&o content o f root sgdpIgo aftor the 
incidence o f tfao disease

Coureo S.S. M m Variance Varianco
ratio

Sofeol 1*335 m
DXocH 0*334 6 0.054 1.91
Sroatocnts 0.407 3 0.133 4.11*
Error 0*634 18 0.033

* Significant at Sf level
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