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IHTRODUYCTION

Ean&ﬂé (ﬁu&a species) constitutes an iaportant group of
fruit crops ault&vaﬁeﬁ extensively in %rﬁpieal rag&eﬂa of the
worid. e world eoreage under banana is about 1 to 1.§ ®illion
acres, En Indim, baﬂana ig aanaiﬁar&ﬁ to %e_@na of the most
iagsrtaat“fruit erope. It ie regarded as & fruit of value both
by the rich and the poovr. It occuples more lanafﬁﬁaﬁ anﬁlaﬁham

- fruit crmém except mango. Ite cultivation oxtends over en area ‘
of about ﬁa& milli@n ucras ﬁhiﬁh is about aneafifﬁh of the &otal
&Creass un&er frulito ia thiz countlyve.

In recont years, banana has gaineﬁ much inperiance and pos=
pulapity from the fact that it is found to be one of the sost
walu&bl&:araﬁﬁ faa'iﬁg&eezn%ﬁng %ha(ﬁriV%‘fﬂt inersased food -
grﬁéuetian. Valued &a a irnit, ?egeﬁahle and g&acesﬁeﬁ produet,
- it provides a ﬁupp&amﬂm%ary food for siliions of people. in a
&easaly‘gaynlated aaﬂn&rg like Xaﬁia,_wnerﬁ the g@ﬁula&i@n is
increasing at a rapid rate aud where suitsble land is limited
for ex&eéﬂi&a‘af‘auitiﬁatian. banang «ill meke perhaps one of
.the easi#at erops for inteneive exploitation, OFf late, an
atteapt is'alﬁﬁ &ging made to axport banens o athe§ cauntr@ea
to earn She harﬁ-na&dea faréign éxehange. . 

Banans calt&Vaaian in many  countyies of the wsrld'i& thre-
atened with, éuﬁ affected by, a seriocus aiseama'#ﬁanaﬁy Toph,
The disemse ie so disastrous that it has praetieaily wiped out

the banana industFy in amny centres in New south wales and



Gaeenslond in Asnstralis. Indie is no exceplion and ie awlso
facing serions desiructlon of tha erop from thas discase.

Kapala, Mndras, sudhee Fradesh, Bonbey, Heaoge, iLosan, wast
Beagal and Biker are the chiel benana produeing centres of India.
kerala tops the lisd with sn mnnusl acresge of 100,000 acres sad
en annual production of 065,000 toms. It is in Kerale that the
largost pusber of varietlies are caltiwnted, the chiefl among them
being Poovan, Nendras, Palajsuthodan, Monthan, Xeadali, sad
Fugahsdali (Puen epogissl).

Of al) the disesscs of Lanasa, the zost destructive is the
"puniohy Top". The incidence of this dasesse sus reported froa
Griesa, Andhpa irmdesh, Scmbay, Biher and kosam ss early as 1940
In Kerals State also the disease Ffiret appearsd in 1940, It has
now spread Loroughout Lhe Strte and hes devasnitated the industary,
causing nsavy loss o th? groverss, The snnual finaagial lose at
& podest setismte 18 calgulated to be of the order of Po. iz
crores. Capoar (1950} hae reporicd thst tee disease which
covered an area of YU aguare ziles lo Central Travanccers around
Xottayanx in 31946 hed by 1950 covered an sres of 5000 sguare miles.

In Rerala, the smajority of tie cultivated varieties heve beun
found susceprlible $0 iae disesgo. Toe most widely culiavated
varaeties nasely Tolaysntheden and Houdran are highly susceptibles
Gtoer varteblies like Kadali, Heypoovan, adaxkaksnst, Sayim kacsli,
Gaellpoovan, Rushicesdran, Peyxanben {(Museas apecios) age ales
sueceplible to infection. Some of thes Lineat varietlies of

banmnas grown ia thic 5iate are Inciug extinction.



punchy Top" dlasase belng of varus origin as reported by
various inveatigutors, curative measures are conzidered difficult
for the reascn that the spresd of infection is throvughout tie
tissues of the aifected plant. In Australiec, whers the disense
was 5o destructive, eradication of the diseased plants is the
only method praclised to prevant its spread. It was reported
that in Travancore from 1943 to 1947, about 600,300 plants were
destroyed in a vain altempt to provent the spread of the disease.
Breeding resistant varisties secems to be difficult because most
of the edable wariaties that have beon tested as well ns mseed
bearing varieties, have been found to be susceptible to the
disease,

Ho attempt has co fer been made in this couniry or elses
where to i;veacigate the nutritional status of the molle and to
study whether the soll conditions act as & predisposing factor
for the incidence of "Bunchy Tup' of banans. Such atteapts have
besn msde in respect of other crop diseauses such as the root
(#ilt) dusesse of coconub, and the Aandarin orange decline.

Gonsidering the econcmic importance of this crop Lo the
State, the extent of damuge caused by the davease, and heavy
loss caused for the growers, the study of zolil conditions as a
predisposing facgtor in the incidence of the disemse is worth
intensive investlgation.

In the present study, an attempt has been made to invastie
gate the mutritional estatus of the s0il Irom dissased and healihy

arean. Desldes, leaf samples of disessed and healthy plauts



were nleo analysed for thelr major plant anutriedts.

Theve io ou oboervation by some Arowers Lhat ihe incidence
of the disease Ls pot scovere in fields where lime rs applied.
Based on this practical observation, an expsrimeant wes laid out
to study whatner the nutyational statis of the soll, especially
of calcium mud megnesium, acts mo a predisposing factor an tie
incidence of the dincasw, This thesis cnmbodlen the observations

and results of the eznperiment,



REVIES OF LITLRATURE

i. Disense occurrence snd distpribution

Magee (1927) has reported that the ancadence of "Bunchy Top®
dicesge of bansnr was first obeerved in Tiji about the yesr
1879, and that the banaan industry was sevorely afiecied with
the concomitent abandonment of many plantations. Aacsording to
Fahmy (1924) the incadence of the disease in izypt was observed
a8 esarly as 1901 and had since beon a limiting factor in banana
production. Peteh (1913) and Bryce (1921) has reported the appea=
rance of YBunchy Top* in Ceylon im the diatrict of Colombo in
1913%. 7They have alao reported that from Colombo, the diwease had
spread rapidly to otheor ureas in the country, causing heavy damage
to banans piantationce. The presence of the dasease in sustralia
waas repvrted about the seme time by Darael Smith (1924) and HMapgee
(1927). ‘'lhe introduction of thic disease to Hew Soulh vales was
reported to be through infected auckers in the year 1913%. The
incidence ¢f the disease hss also been repgorted from £llico lse
lande by Campbell (1926}, “wllis Islands by Simonds (1933} and
from Bonin Islands by <dadd (1926). 4 disease similar to “Bunchy
Top" of bananas was reported on Manila hewmp or Abmom (Musa texti-
dis) in Faillipine Islonds. Thus the disease has a wide geogra=
yhical disteibution.

In Indis, the disease was helleved to have bean introduced
from Ceylon about the yesr 1940, into Travencore and Cochin. The

incidence of the disease hae now been rerorted from many States



namely Bombay, indbhra Fradesh, Grips and Ae¢sam. Ko syetematic
survey has been undertsken im this countyry to estimate itne extent
of damage. Odccerding to Verghese (1345), the diseuse seens to
have eppoared in Travancore im the year 164i. Unconfiraed
occurrence of the discase has beon reporied frow Coloutta by
Hoctor (1925}, from Cuttmok by Padwick (1940}, froan Sabour by

Roy and Sharsa (1952} and from Assas by Hendd (1941). Ascerding
to Bamat snd Patel (1951) a report of survey showed sn incidence
of 25«70 percent in Ehandish, 10~15 percent in Foona and 25«30
percent in Surst.

The incidence of the disecsse was firet reported in Keralas
from the District of Hottayam, from where it spread to otbere
areas in the State. Tho disecase ds now reampant in the Distrietis
of Trichur and Hottayam. For a long time 6ie incidence of this
digease was not reporied Irom Madras and Hyaore States. But
recently the disease was noticed dn Tanjore District of Hadras
and sounth HKanara Disteict of Nysore.

* Ko report op the incidence of the disease i¢ ssen from the
important banann growisg countrles like west Indies, Cenlral and
South smeraca, Ganory Islands, part of Africa, dava, Jumaira,
Burm:, Siams Indo Ohina >nd Chinase In Indie, the dicsase incie

dence has not been reporied from UYtisr Pradoshk and Medinya Fradesh.

2e Geusative Urgenism

imrlieat investipators on YBuunchy Top" atiributed various
causes for the incidence of the disease. Hnowles and Jepson
(1022}, the earliest investigators on Bundhy teo in Fiji Islands,

rogarded the caumative orgupism as of funius oragine Loes snd



Fozden (2902) and Fehmy (1924) sttributed the malady to nematode
agencys Darnel Suith (192%) deacribing theioegarrcact and syapt-
oms of the dxéaaae in ﬁﬁatrdl&n; attributed 4t to fungel or
bactofiailint&dt&oa of tha_roat; or ¢orma .Zﬁ hin attespt to
)datetmina‘shaahtr'the banana aphid was a voetar of the dissasze,

| uegati§6 éesulti only wora obtsined. Gé&ﬂ&réﬁ(l?aﬁ) reported
that the vecter responsible for the transmission of €g0~a1-oa:o
wai the bansna aph3d§ ?oggglaﬁin.niﬁggngriogg and tae dissase |
wAs 6t‘v1rua origzin, @hﬂ‘z§8ultu of ﬂzgoriiontaiaahﬂuctcé7by
Magss (1927) confirmed #hn ciusnkivi'organiQm as virus dnﬁ_%h§

vecearvfu# the EranémiaaiﬁﬁA@f eﬁa'éauqaae as the b&péna aphid,

The sxperiments comducted in warious countries have shown
that the virus ie not sapetransnissitle, Menon (1959)‘&&3 cone
firmed this. Being systemic in nature, the spread of the disease
ﬁaa founs to he'ywiuaraly thxbugﬁfehﬁ use of diseased suckers.
Banens aphid was found to be Yesponsible for tausing secondary .
1n£bat£¢§¢"1£“;&ﬁ;glaa estabiished that secondery infection cen
aaéﬁi ﬂi &uy‘uﬁaso 5?¥g§§§£§lanﬁ %ha%‘éingea'aua wingless aéuiﬁ
forns nn&vnﬁﬁ%&ﬁ’iar&“@f?ﬁ&isﬁ%'&n virus éruuumiusian.

The studics carrded out by Meges (19%0) on virus-tecior
ralltianiﬁiﬁ have shown thﬁﬁ &ﬁhﬁﬁa baﬂén& infective after feeding
on dissased plonts for s minisud period of 17 hours and that the
v&ius gats transmitted by infected aphids 1n one and & helf or mors
kours of fesding on susceptible éianﬁa. The wvastor, gggggggggg
\aiﬁgbpogﬁOl& retains the infosidve cipmeitg for u pericd of 13 .
‘days alter rexoval from the diaoaao&.plants. The incubation ptﬁied-'



ranged from few hours to 2 deys. apbids fad on disessed plante
for 3 days, starved for 3 hours and relansed on youngest loaves

of healthy plants at 20 nusbers on each plant, were able to transe
mit the ¢iseane. The symptoms apsearsd in 35 to 45 days {Frogross
report of the Schege 0 Revearch onYBunchy Top” Qisease of Sanans
in Kerals State, 1596«%7).

3«  Eysptoms of the disease

The .primary infected plants (liseased suckers) seldon makes
norzal growth but remain stunted dn growth (91 « 2in ip height)
with a large nunber of narrow, corrugated lecvee, mord erect than
norasl, with & rosoite appesrence. The leaves are sarsh ond
brittle wd mey sonetices be gore dork greon than norsasl with
yellowish, upeardly-rolled =marpins. Dark green dots are sees in
the lasine, midrib and petiole. The infected plants nale 1ittle
growth after the Iirst ayuploms are noticed. The leal sialae
{pessoles) isil to ¢longate. In advancod stages of the discase,
decnyed appearencs of the root systes is alse noticed, Bunches
are generally sot produesd in the primary iafected plasnte.

Secondary infection may occur atb eny stage in the growih of
the plant, from ite ensrgence to tho stage of throwing gut® the
bunch. Those plonte infected at the later stage of growth say
produce a sasll bunch of stunted fruits.

4. Disenss resictance

Hagee (1953) bas veported that zll the species of Musa,

produting edible seedless fruite, and oll the feartile seed



bearing species exaninsd by him were susceptible to this disesss,
even though the intensity ef a%i&ck varﬁéd, Cavendish, (gggg |
Speeios) an #mgavtadt commercial variety was reported to be
ﬁighiy ﬁaséagtibloa éoaa degrae'af réaiatanae‘gas reported in
Gros Michel wariaﬁg (Musa _species) fram.the‘tailuré éﬁ g6t inw
faétiaa by-st&ndéré aetihods of 1na¢a1atiﬁp; The displey of
rec&aiaaeé wuk aabstantia%ed_hy field eﬁaorvatieaa in Fiji snd
ﬂ#rn@g# 'Aceerﬁiﬁg to Magee (1953), the factor which contributes
to the resistance may ﬁp physislogical, In Kerala, under natural
gonditions, most of the varisties were found suscepiible %a'the
disease,

The growth of plants io eo profsundly influenced by soil
conditions that it can safely be ssauned thet those also exert
Y pawgrigi effucikon plent vivue diseasse, Lack ol pleat
nutrients in suifficient quautiiy gé& in sorrest proportion is
one of the several factors that predispose ﬁlanpa to infection
by fungl, Bhaﬁaria; viruéné nﬁﬁ nenstoden, Several plant dise
eases are influenced ﬁo Qoéiouﬂ{y by ébil deficiencies that
auch of the d&mi&i from them cun he svoided by soil tf-atnuat-
Sueae&n&ing'axﬁmplns are wheat rabtreg, sugar boet seedling
blight, fusarium wilt of cotton, caéman scab of potatoes, end
pobé-my miléa& snd rost of ceieals,

{2) 5oil condition in rvelation to disesses

Physical properties of sclil such as drainage, water holde



10

ing cepacity, eosase of genctration by rocts snd retentien of plant
nutrients have much to do watn its suitability for many agrie
culturel wveesc to which at is put. According to Meanon and Nair
{1951), the root (wilt} disease of coconut was aore severe and
acute in sreas with poor soal asration guch s water logged cone
dition, solls with poor molsture retentive capacity, a high water
table, shallew seil depth, and poor drainage. They have also
reported tnat other diseases of coconuts have a more or less
sigilar distribution. Sheppard {1927) a8 quoted by fenon and
Pandalai {1958) was of opinion that unhzalshy appearanca of
coconut palms at Fointe sux Sables was due Bo wmater logged tone-
dition of tne epil an some areas and to o delielency of moisturs
in other paris. & similar observation was alsoc made by Meuon
et al (1992) wibtn regard to root infection cuoused by R. Solmni,
E. Batoticols and Sscillus thoo bromae on soconut seesdlings.
They reported that worse infections were noticed in los 1lying
arexs under badly drsined condation or hapgh water table within

2 or 4 feot beloa the aurface of the sgil. Siailarly Jronze
leaf wilt of soconut has been reported to oacur in water logged
conditicns and unsatisfectory condition of water bupply withie
the tasenes of the pulim. Park (1932}, in giving an account of
merzous outbreak of s daicease mimilar to Breage leaf wilt in
Trinidad, stated tnat the comduition was brouzht about by severe
droughits. 8He hag slec repurted that the disease wes worse on
poorly cultivated land and on land which in wet woziher beconss

water logred and swaopy. Verghese (1924) and Menon (1946-54)
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'aarricﬁ put extensive investigations on goil @Qaﬂit&&a@ in e&lm»
a&an o r@a% and l@af disease of @mo@nuﬁ ga&m and sﬁa ﬁmﬁa abtainw
o3 by thes revealed significant ﬁifﬁﬁ#@ﬁﬁﬁ‘ﬁﬁﬁﬁﬁamxﬁﬁﬁ soils of
healthy and dlecased areas. They fﬁﬂ%ﬁ that a i&%ge»@r@pawﬁi@n |
of the lﬁﬁ&iiﬁi@ﬁ in %&& éi@a@ﬁ@ﬁ group hac water taﬁl& 9P some
&ﬁ§&aaﬁabia kayav ﬁ&&# the ourface.

&ﬁﬁﬂ& (1959]) bes reported thal ons of tha causas of reot.
ﬁestrﬁatiwm in sityes ddécline was the injury from macnmﬁiatiaﬁ of
nitrite undes water jogeed conditions. Fumsbrishobn {1934) mas
of the %ié@ %%ﬁﬁ>iﬁ$§§§iﬂiﬁﬁﬁ é@iﬁ%ﬁfé daping @ﬁmﬁaw‘@aatﬁm B
.iagérnm@@iai for the incidence of the dioedse. ﬁaraﬂimsa Bao
ﬁﬁgkﬁi ﬁ@ﬂﬁi&ﬁ#@ﬁ amigvaur&hxa “oil ea&&itm@ﬁﬁ snd ﬂéfﬁ@ﬁ&?@
5@1%33@1 @r&atiaas &85 & @9&&&@@@&&@@ f&at@r ia the Handapis
Srangs Q&qliuec

Tardlaw €ﬂ§3§§;h3$ wtated that oecurrence of "Bunshy Top®
dizeave witk'ﬁﬁrﬁma virulenoe undey ﬁ?ﬁ@i&&l. ﬁﬁ%tﬁﬁpiaal and
tsapnr&ﬁ&»@nnﬁsai@ra sihosad ﬁﬂa% ﬁ%i&ﬁt&ﬁ ﬁamtﬁrw exeredoy
C Rittle iﬁﬁ%ﬂﬁﬁﬁq shther on ils iﬁﬂiﬁaﬁ&a o &evc&agm&akg it
‘&ﬁ’?@ﬁw@ﬁﬁ@ that the discase @ﬁmmrmé w&%ﬁ aaRinus %ﬁ%ﬂﬂ&i%ﬁ
’dnriag hot m@nkhﬁ af J@nﬁary to Hapch when ayﬁiﬁm wars ?lﬁnﬁifﬁlt

" Bryee €192} hag peported %ﬁ$ﬁ~nﬁanahy Top' &ﬁﬁi&s&cw was
much sore severy wad gw&#@l&ﬁ% &é baumne fielde which have Deesn
alionsd to sun f@??ﬁ&#&?ﬁi.§$ﬁﬁﬁ‘fﬂﬁﬁf§@& Aute @f‘giﬁ&ﬁ&ﬁg-.

Studies en the sessenal &ﬁé&ﬁgn@a a%lgﬁe vector of
ﬁmuﬂéhy'@ég“ vizus in Eevale showed that 4% wow wa&&%&v¢&3>,

abundaet duricg Povember to Janvery end scarce durdng 4spril to
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July (Prograss roport of the Schemes of Research on "Bunchy Toph
dinease of bannces, 1956=57, Agriculture Colleze, Vellayani).
The genoral indications wora tant dry weatner from Junwary $o
¥ny and heavy pains frox June to fugust seesed to adversely
sffect the aphid population and that the period of sucoulent
growth of plants which csme sfter heavy reins was favourable to
thee

Bain ot al (193%, 1937) in their studles to correimte soil
factors with oceurrence »f Bronze leaf wilt of c¢oconut, concludad
that the phyeicsl conditions and sllied water relationships of
anil were of prime concern. Sankarssubramonsy (1954} has
carriou out similar work with regard to reot and lesf disesse
of coconnt palz in Rerals sand itheir resulis were it gensral

agreenent with those of Bain.

(o) Soil reactien as related to disesses

wardner {(1955) stated that seil reaction in the neutral or
Blightly elkaline runge is the most optisum for the growth of
the zejority of crops. Frodustivity is considerably lapaired
shen the soil is too acldic or too alkeline. Acad soils have
been found to contain varying quantities of scluble alumina and
manganess and these elemsnts have been shown to be toxic to
plants. acldity menns & deficiency of available calciua and
it 10 one of the ocmuzes for the deprsased growith of m.ny crogs
in acid soils. Fhosphorus aveilabilaty ie also impaired in acid
soils. according to Verghese (193%) anl Menca (1946-5%), tne pi

values sors lower Li the digeased aress as conpared with those
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of h@&lﬁéy'araaﬁ in r&agaét of root (milt) dicease of coconnt.
'ﬁaw7§E:?@1aea adversely sffect the availa#ii&tg of ﬁéﬁcm glén#
nutrients and micro nutrients which in turnm affsct the growth of
%ﬁe glani. At law pH velues maﬂy plant ﬁutr&aat& ape not in an
available fwrm.

(u) Mine ﬁ& nutr&anta

Ia sany éiaeaaeag the influenﬁe of the enviranmeni or ﬂail _
eanéitiﬁaﬁ,may be @f equal im@ﬁr%ﬁnea like the gtganiam which is
raia%eé hﬂ the aisﬁ&ae canéiﬁa@a. 5imilarl? the ia&eractien of
many limi%ing'faetara ﬁﬁm&vin%@ play in the e&uaa& of pﬂysiala~'
gicai d&a@r&er&. @h&t&e& or nob a disesse Lz due to ﬁathalagxcal
ox @ﬁy&i@lﬁgﬁt&l eaaaem. the soil ¢anﬁitiaﬁa mny f@rm. to a very
1arge extenﬁ. @aw orienting f&ﬁ&ﬂ#q ddogquate aatvitian fram a
fh?ﬁurﬁblﬁ root enviran&ent wau&ﬁ aminﬁaau the ?l&nﬁ& in a healthy
Asﬁata with a greater dagruw of disease resistanca.

,ﬁavara& workers have investigated the nuﬁrﬁt&e&ﬁi status of
e0il from healthg ‘and diseased areas in raega&ﬁ ax certain diseases
in other erapa. u&ﬂ?&?ﬁ Subranoney (19;%, 55 and 5&) and
Fandalni et al (1958, 59) studied in ﬁetail the nnaxxent status
of soil iu ralatioa,ts root {wilt) dieessge of coconuts, They
have teg@rtad that soils ef diseased tragts have caagara#&vexy
Qower eemten&s of certain nntr&entm.{ Sankarsa ﬁubrumanay.{?ﬁﬁ@)"
has also ahww& that nutrients 11ke nitrogen phosphorus anﬂ
ﬁa%&a&ium aacumu&&tea in the leaf. tissues of the disaﬁaeé
;scaant-gﬁlwa. ai@i&af work has azs@ beon carried out by

Hariskulandai and John Purairaj €?§§$3 in their study of sendarin
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orange doeline. Covinda Iyer (1995} in hisc studies on the declane
of citrus in kyanad has rveporved that chamical analysis of soil
revesled satisfactory contents of naitpogen, phosphorus and posash,
but their availabllity was limited because of low pH r2d consew
quent poor lime wtatus. The literature on the relationshin of
diseases with mejor plant nutrients in soll is summapised below.
i. Hitrogen

48 a conatiluent of protoplrem, nitrogen ie an importunt plant
autrient intimately involved in the activity of svery living cell.
The excoss or deficlency of nitrogen hes very marked effects on
plant growthe Insullicient nitrsgen reduces yields draatically
and slso decresses the quzlity of the plant produeil., ©n the other
hand an excess of nitrogen resulbts in o stimulation of vegetative
grovth which may result in deleyed maturity, ogéd in sxatreme cazes,
in 4 decrease in yields. Size of cellws is increscsed wiih a decge
2a56 an cellwall thickness. :8 & result the tissues are more
susceptible to sattack by disease organisus.

Jansaen (1929) was one of the first to investigete the relaw
tion between plani nutrition and incidence of virus diseasnes.
He found that an respect of potato, tne better the plants were
fed, the more likely they werc Lo beecome infected. Increasing
nitrogen increased both the aphid populsticn snd the susaeptibility
of potato plants to ianfection by leafrcll and ¥=-viruses.

Spencer (1935) concluded thet nitrogon specirically increase
¢ the susceptibility of tobaceo planils to mosmazc virus end iamcres-
sed its concentration in saps. He further concluded that ithe vizrue

from nitrogen deficleni plants wa:r welght by weight less infective
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thon virus from plants eupplied with abundant nitrogen.

Brlerley and Stuart (1946) found thet increasing the nitrogen
level for oniono ancremsed both their pusceptibiliity to infection
by yellow dwarf virus anu geverity of sysptons produced.

Ross und Conorkera (1947) seggeated thut fertillsers increa~
sed viras infectaion by Ancrescing pl nt cueceptibilisy, nd found
ae effect on sphid population. Bawden and Ksssanis (1943) heve
stated tnat both natrogen and phosphorus incressed susceptibility
to infection only when applied in ampunis that increased growth.
They further found that the efiects of both nitrogen and phospho-
rus on virus production were correlated with their effect on plant
growth. Combined suprlements of both nutrients to tobagco plante,
doubled the virus concentrsiden im eap and increascd the total
virue per plant. Aaccording to thes nitrogen alone incroaned
neither growth nor viruz concontraizon.

Broad bent gt al {1532) concluded that the applisation of
dung or sulphete of ammonia to gotato crop in Britain ancressed
the aphid population. They have anlso regorted that applic.tion
of dung inoreased the incidonce of both ieaf r0ll and Y=viruseay
snd sulphate of amsonle that of leat rull.

Broad bent (195%) has also reported that heavy nitrogen
dreseins incressed susceptibility of cauli flower to mosale virvus.

fardlaw (1939) in giving an accouni of “Bunchy Top" dlsease
of bananas stated that field observations indicated that more
vigorous and rapidly growing plaats are most susceptible to this
diseasc. TRishbeth (19%%) asm gquoted by Chomn (1259) bes reported

that addition of nitrogencus manure increased the Panems wilt
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Pritchett (1926) has reported the rosult of as experiment
in Philippives which showed that application of amsonium sulphate
t0 sugarcane affested by sosaic virus disease has given an incres~
sed yleld over the contrel plot and it would appear that applica-
tion of nitrogen somewhat mitigates the loes of weight which im
a normal acoompaniment of nmosaic diseases.

wileon (1955) has reported that increased nitrogen supply
to infected potato plant with leaf roll virus greatly reduced the
intensity of leal synptons st Fothanstesd Lxperimental Station.

Ssnkarasubranoney (1954) and Pandaiai (1958459) in a study
of rootwllt disease of coconut, concluded that total nitrogen
content of soils in the diseased area was kigher in casce of sandy
and aliuvial soils while in yed loam the reverse was the cuses In
the cuse of laterite scils, the healtby localities had a higher
nitrogen status in the 2 horimon only.

ii. ghosphorus

Fhosphorus plays an important role in the nutrition of plants.
Eeing present in sll living tissucs, its role in life processes
such as photosynthesia, breakdown of carbohydrates and transfer of
snergy within the plant, 15 of great significance. It is the major
constituent of the nucleus of the cell end is presest in cytoplasn
where it is involved in the organisation of ¢ells and transfer of
hereditary charaoters. Growth is arrested when the supply of
phosphorus ic limited in the #0il and the plsat appears mtunted in
groath with poorly developed rocts, and desp green colour of leaves.
4 deficiency of phosphorus say lecd to delsy in maturity. AC both

strong acidity and alkalinity, thers is fixation or raversion of
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phosphates in the 203l and the aveilsbilaty o plent gets reduceda
Soil resmction between 6.9 and 7.5 4s most favourable for phosphate
avaliability. sccording ®o Lyon st gl {1952). no other element
@ith the gposslble exception of mitrogem, has been found to be so
eritical for plant growth in the field s phosphorus since a

lsck of thig clemenmt pay resuli in ¢ decrease in the ¢ase with
wiich other oleuents ars sboorbed by plants.

Phosphorus is essential for the multiplication of virus in
host eells and may ineremse their susceptidbility to attack by
viruses and other dicease agents. HSpemcer (1535) found that in
tobroco, phosphorus increased susceptibility $o virus dizense as
long az plont gyowth benefaitted from exntrs phosphorus. Bawden snd
Eapsanis (19%8) were of the view that phosphorus is more important
than evon nitrogen or potash in pegulating hest susceptidbility.
They further reported that tne greantest susceptibllity in tobacce
to moseic disesse was when plants were supplied witn nitrogen and
phosphorug an concentrations optimum for plant growth. They found
that phosphorus iporsased both tne growth of plente and concentra-
tion of virus in the sap.

Sankaveeubrasoney gt sl (1954) iu tholr studies on seil conai-
tionge in relation %o the roupt (wilt) Jdisemns of coconuts came to
the conclusion thet there mag ne significant differsnce im phospho-
ric acid status of soals, both itotal and availeble, betweon healthy
and diseased areas.

iii. Fotmah

Potassium, one of the major clemente in plant nutritlon, plays

vital functions in plant metabolism. 1Its purtlicipation ia photoe

synthesis io one of its important femctiono and as such ss adequate
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supply of potash is esgential. The nesd to roplenish the poisssie
un status of soil is ull the more Importsut in crops such as
coconut and bananu which are heayvy feeders of polash.

Husesel (1950) statad that the content of potask in plants
is larger then any of the other major nutrionts except niirozens
Faghtingale (1931) has suggected thot FPotaseium hos o marked
influence on the reductlon of nitrates and syntnesis of proteins
in plantse. ¥oll (1940) and Nightingsle (1942) have attributed
tha importance of potesa to carbondioxide masinilation and ayne
thoels of simple mugars and starch. It takes pari in the water
econcRy of plants, ensbles to withstand drought, and helps in
maintaining the turgor in plant cell, HMuch information has been
furnished on the inrluence of this element{ on plant growith by
HMiller (1938). Hightingale (1943) and Steinburg (1951). Fotase
sium has been known to regulute protoplasgmic swelling in plant
cells angd directly influences enzyme sction and physiological
activitye It is known to have an important role in buffer systeas
in plantss It 4s kaoen to influence translocation of carbohydrae-
teos There is evidence to show that movement of iron in the plent
is fagllitated by potepeium ond hence 1t has a direct sifect on
the formation of chlorophylie.

Toere sre ocortain antererelatioaships betwasn potessiun and
other elementss. aAdditicma of nitrogen and phosphorus to soils
reduce the aboorption of potassium, gepecially if uvaileble soldl
potessiua io limited. If condations ave such that the plants

absorb hagh amounis of oslcium mnd magnesaum, tne abserptlon of
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potassiug way be limited. On the other hand, potassium absorption
may be ego high that often coleium and magnesium absorption are
hindered.

4 lack oi sufficiont potash for normal grosth causes Alsture
bances in one or more vital plant processes resulting in the
appearance of visual syhptoms of disorders. Tae deficiensy of
potagsium in plant is manifested by stunted growth, yellowing and
drying up of leaf tips and leaf murgins in older leaves.

It haa been reported by many investigators that potacsium is
instrumentsl in inerahalng resistance of certain crops to apecific
diseanes. It is not definitely known whether potaseium enablea
the plant to withetand attucks of orgunisms, or arganisme becoas
established more easily on potassium deficient planta.

Bryece (1921) bas yeported that tvhe application of potash hae
been found te reduce Rhizoctonia disemse on jute in India, besides
greatly increcsing the yleld. He has also stuted that the inciden~
ce of "Bunchy Top" d;geaae in Boain Islands is attributed to defi-
ciency of potask in the soil and that application of potash menures
greatly reduced the inclidence of the diseasc.

According to Janeson {1929), « deficiency of potash favoured
aphid repreduction and eprend of virus disesses. Iroadbent et al
(1932) reported that in Britain the aphid population wae decreased
by application of murinte of potasi.

Spenger (19%5) found that potassium decreased susteptibility
to virus dicease at levels that increased plant growth, Tisdale
and Dick (1942) has reported that cotton wilt can be controlled by

the use of suitable varieties and with the use of fertilisers



'cshﬁaiﬁing adeguate amountas of potaoh end that vaéieﬁimn diifer
- with respoact to potassium requivement aad withstandlng wilt attack.
. Fatel and Nair (1936) nave Obaérv3d4ﬁh&t,ﬂqiljﬁﬁplicatian‘ﬂf
ﬁuﬁash askyataagium.auighats considerably rsduced tha incidesnce
of mﬁsm%&qt in coconut palnm,

According to Hnley gmd Ried‘ $1943) .V"th; rolé of the elemont
in diesnsos ie not well undersiood but ﬁhcs were of opinion Lthat
suscepiibilily to lead &pot disesse in tobagoo crop was associated
%ith potassiun deficiency.

Roffer (1949) hae pointed out that when potassium dsficiency
occurs in écrn, iron accumulates at the nodes of etalk which
interieres ﬁithltramslacation of auteiénta to Lhe rouvts resulting
‘in wenkening of roote and ienﬁarﬁng ther susceptible to fungal
attack.

. Sawden ond Keesanis (1949) have indieatéd‘that potassiug
slightly reduced the virus content QS the sap altbough it usually
| increased tgc total emount of virus per plants

According to Allington and Laird (1954), potassiuu de~
ficiency enhanced the susceptibiliiy of tobacco to infcetion by
mosaic virus. The receptivity <o tge virus pérniste& longer and
at a much bigher lovel in the low potassium plante. than in thome
plentifully supplied with potassic farﬁiliagra.

The investigations of Brun (1954) have confirmed the caﬁ~/
elusion that the blue disesse of bgn&na'§a3~auo to en unbalanced
potaselum-zagnesium ratioe.

Senkara Subramoney e sl (1936), in their study of root
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#ilt disease of coconut, have shown that compared to healthy
srens, the spils from diseansed sreas were lower in availshle
potash .

it has been mentioned in the annusl report of the Camercons
Bavelopment Corperation (1357) that most rapidly growing oil palss
becone nffected by crown disemse wnd 1ittle leaf disease where
potassiun was applied slone, dbutl this was counlersbvalsnced by
the addition ol magnemium. Heir (1961} has reported toat potash
penuring of rubber afiected by 'die baci', slong with nitrogen,
suppressad the Jdisease and incrsssed the yield of rubber within
& period of one year irom the date of aspplacstion of the fertie
liuers,

Fotesslua promotes the developument of thicker outer walls in
the epidermal c¢elils and firm tissues which are less subject to
collapse. Plant disease¢sn have been greatly retarded by the use
of potaseic fertilisers.

iv. Calcium

Galoium is an esgentisl elsment in all plunt tdssues and &
deficiency of this slement disrupts the utilisation of =ll other
nutrient 10ns. It is known to be & conetitutent of cell wall of
plants and ls present as celciua pectate in the middle lamellm.
It seems 3o be obientisl for the continued growth of apical
meristems and particulsarly for the yproper growth and functioning
of root tips. Horokin asd Somser {1940) bave reported that in
the absence of cslcium, miotic divielon bacome aberrant or

suppressed. Calcrum is alsp known o have & role in ihe
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nltrogen metabolism of plants. According to Wightingnle {1937,
in the abscnce of calciun some epecies of plznts atleast are
unable to absvrb or assimilate nitrotes.

Calelun ix fmporbtsnt fxom the point of view of fertility
status of soils. It peuiralises the aoil acidity and provides
the base for the neniralisntion of organic acids in plants.
Galoiur enbances the faxation af midtrogen by syublotic and none
sysbiotic organisma and helps in nitrification. 1t cenuers
phosphorua in acld solls aveilable and promocies bacteriul dew
composition of organse matter. Its rola in reduczny the toxicity
of trace elewsnts ia well known. York et sl (1955) who atudied
t.r potassium~caloius interrelstionabips in solls end plonis,
nave shown that calciuz iono miy imhabit absorption of potvasium
by plants. fiere 18 good evidence ihat lipe influuaces tne ¢one
centration of axchapgeabls and sater aoluble potmsh in Bolls.

~ deiic.ency o. caloius readers the cell walls thin and
porneable, affecting o some extent the cemoeregulaticns in (ke
calles and refucing the activity of growing points eepsclally
root tips. & lack of calsium may also add to tae poor bilth
0f soil snd sdversely affect the actividies of certain sonil
niero~organisms. According (o Sussel {(1950), calcium deficiency
results in the stunting ¢f root eystem and indirectly allows
other substunnes to accumulate in the tissues. %The young leaves
of calciua deficlent plants are severely distorted with tips
booked back and margins curved. #Scorenibg or than enlourotac

streake are zlse seen on leaf. Euscal (1950) has obmerved that
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& high level of cmlélum resulted in depression of the uptake of
@ataal}um and ssgnesium.

Yan Vanbeke {1957) bhas reported that malformation of erown
sad yelloking of leaflets common in oil palss in Belgian Congo
are assotiated with culoium and magnesiua defic.encios,

Lvang and mtaxier €1953) have zeported that application of-
4000 dbe. of calciux oxide and 2 sprays of 7 percent calcium
chloride selstion reduced the invidence of Blosum snd rot in
tomatoes from 17.7 to 13.1 percant. They have also reported
that injection of tomato fruits with sterile caloium glucosite
solution coepletely prevented the disorder.

Ramokrichoan and Damodaren (1956} reposrted that liming of
501l reduced the pericd of viability of the pathogen of panama
wilt dleeuse to iwe months zhxle in the control the visbility
extended upto & montha.

Ve Maoneszum

Hagnesium is the ons and only mineral constituent of ﬁhloL
rapbyll moleoule, the grsen colouveing matter of the plant. 4
Jarge proportion of azagnesium present in plants therefore is in
the chloropbyll bearing orgens, slthough seeds ale also relativee
1y rich in this element. Magnesium plays a rele in the phasphate
metaboliss of plants and andirsctly, therefore, in the resprratory
mechanisme. It is lergely required by oll npeed crops as it proe-
potes the forwation of olle and Imts. Mugnosium iocue appear
to be speelilc activators lor s numbsar of enszyres including

certain transphosphorylases, dehydrogeusses and carboxylasces.
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Deficiency of magnesium uswelly results in the development

' of characteristic chloresis., Its deficiency in the soll causes

serious injurisa {o yianta. Hagnesium deficiency can éri&@ in .o
plants elther from & true aefiqi@ncﬁ iﬁ ﬁﬁ&i or from an unbalanced
grogoitian of nutrients, which is @ftan,aaaéci&%eﬁ with high level
of menuring. .

Gammon et al (1953) bave shown that the quantity of agw
ntsium_iﬁ'gaaﬁyJEQ&ZS iﬁ;carralateéfwiﬁh:@&ganiﬁ matier contents
‘QQanr'gg‘gﬁ {1@3@} ﬁavé gi#cn,wvidaaée to ahow %h&tymagnemigg
ﬁaaéént Qﬂ'%b@ 8oil is not always & goed iadéx of the aﬁaqa&cé
of t&iSrglsﬁanz for pleant use. ﬁ&gaésﬁﬁggéﬁfiaiaa¢y~iﬁ knﬁ#n
to go aléﬁgﬁiﬁe of deficienciss of aalaiué in orainary scils.
an éxceaégvé use of yﬁﬁaﬁﬁiaﬁ‘fﬁ¥%iliﬁafﬁ say cause sagnesium
azfxe&éaé?;’ Iapge ar§&$iﬂg'af'1$ﬁﬂ'ma§ alﬁ%vﬁﬁ§ﬁﬁa pagnesium
ﬁé&i@%ﬁ%@%:ié‘ﬁh@ CTGPS

- %égﬁﬁaiﬁm é@ﬁié&&ﬁﬁg in the seil reoulte in reduced pholow
@gnéﬁatiﬁﬁaetivéty and say ispart luck of resistonce to aiﬁéaae _
at%&ékm

. Hal€ (1947) hes peported thal the chlorosis and broazing of
©il p&i@ﬁiin aqsﬁaiﬂalagaliﬁiéé in West &f&i@a wag attrihmﬁu@ to
the cosbined effect of potassiun snd magnesiun. deficiencys
Cooke (1950} aﬁtribnéeé mag@sﬁi&a deficiendy as a pomssible aauss'
for the tapdéiag-ﬂisaaae of aaéaanﬁg

ﬁrma,and»ﬁhaéyien (W@S&} have reported that the blue disease
of bananas io F?eas& Guincas was amapsigte& with mﬁgﬁ&@iﬂﬁhégﬁ,

ficiency and demonstrated the effectivencss of magnesiux in any



fors but chiefly as dclomite. They hZave alac indicsited the ime
portance of cowbining sagnesia with poieszium fertilicers.

Fandeldel st al {1958} have reported that total or exchanges
able magnesium in the sBoil hes litile bearing om the incidence
of root wilt dimemse af covonut, sithough a major symptos of
root disessed trees ie the chloresis of the leaves.

Hariaiulandei end dohn Doratraj (1558) heve repsrted in thedr
study on orange deeline that higher magneaia content is associated
#ith healtbhy coanditions of trees. The sade workars have further
reported that the ratio of celcius plus magnesiuc/potassium
decreased consrderably from healthy o affccted loaves.

dhepherd and Pound (1960} have reported that tobacce infected
with mosais virus and grown in ligquid cvlture with magnessium,
developed typical deficionsy eymptomn at O and 0.5 ppms, but the
sasays showed a consistent, Lhough small, reductlon in virus ins
magnesium deiiclent plants.

vi. Kicro nutrients §n relation to disessss

1t has besn reported by a pusber of investigators that cers
tain miero sutrients slse appear i¢ orientate the health or
diceass of plantis. The specific role of micro nulrients in re-
lation to plest sod sicrobisl growth has net been intensively
studied. 1t ias suggested tuat several micro nuirient elesmeuts
are active through certain enzyne systene, Copprer, iron end
nolybdenun ave capable of mcting as electron carriers in ths
oxidatlion~rasduction enzyse aystess. Iinc and sangunese also

function in ensyme ayateny which are ascessary for important
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reactions in plent metabolism. Holybdenum and manganese have
been zouﬁd to belpﬁnentiilrraw certain nitrogen transfaxm&ﬁiahsii; B
'micré organiaws aud.plau%a. ﬁolybdsnuu is. thoughit to be ausonsial |
for the - praceaa of aitrogen fixation, both aymbicﬁic and non= ‘
-ayabiutiea: It auat be present in gianta if nitratos are to be
netahaliaed 1&%6 asing aciﬂs and yrotaiua.» 2iﬁc is. th@uﬁht to be
cancbrnod,iﬁ the t@rﬂat&o&.of cortain stowt& hormanes and in the
reprﬁduqtion_prooeeaea &i certain ylﬁﬂtﬂh ﬂapgar is involved in
resgiration‘:nd’ih the utilisati&n of iron. ﬁ baron deficiuncy
daqresseﬁ th; rate of wator abmorptian and gf translocatian of
sugar in ylanta,uns.iron ie geeantmal_for‘the a;ntheais of.proteinn
éuntn&nad,ia'the'#hloragl&at&)

.KutriiianalAbalancefamoag trace ¢lements is eesentisl, but
more difficult to xaint;i#@ |

Bhatti€13%f),'Xhik-ﬁigha) and Enkherdoe“(19k9)‘weru4é£‘cpiaicq
‘that 'aié‘hackf,otxéitﬁna in India‘ié due to deficiency of
nutrients ineladinalmicfanutrientu auek<a§>uipé; ﬁégarding to
iheﬂ zine ayrays-havg,dotinitﬁly beanited citrus in several
areau;"ﬂatndnrajaﬁ (19@9}:hna aitribated the orange decline to
. the defiaionoynoﬁ'tfacb élowanta including sing, boron and
;n&ngﬁneaa.. Eat.anpplﬁ of-thea& elements feiled to produce any
favourable responss.

Innes (1949) found no relationahip between matgenese con=.
tont of pnlm loaf Viccue and root and leaf aiseame of cacanuta.
’ﬂartyn (1948) has reported that injectivn of tr¢§s<w&th iron,

boron, éapﬁer etc., had nc effect on the budrot of pslea in -
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Jazsica. He bas siso reported that liming dmprovad the condaition
and it might be due to the release of deficient plunt food ine
gradients is forms available to tue palme.

Agcording to Rumley and Thomas (1951), minc has some effect
on virus that causes orange declize, sz borne out by thelr obaere
vation that sosking cutiinge affected by carnaticnemscszic vipue
in solutions of zinoc sulphate or calcium chloride, freed thesm
fros the virus.

Singh and Singh (1953) atiributed the *die back' of citrus
in Uttar Pradesh to copper deficiency and Chowdhury (1954) has
attrabuted it to zinc deficiency in Asssm,

Yarwond (1955) hss demoustrated enhanced susceptibility of
pangsolus vulgarla leaves to tobaceo mosaic virus, induded by 10
sinutes immsersion in G.001 to 0.03 percent sine sulphate. He
has alsoe reported that the mase treatment decreasad the nuaber

uf tobacco mosaic lesions on licotisss E;gﬁenosa lezves,

Shepherd and Pound (1960} has reported that Nicotisoe

tabaccus grown in nutrient solutions, low or lacking in boron,
shoned characteristic deficiency sympioma ond ewentually ceased
growth,

From the foregoing literature review, it can be seen that
soil conditlons and environments in nsny caces act as predisposing
factors in the incidence of disesses. The old adage Yprevention
is better than cure¥ applies to the health of plants ss to
husan Yoings. Halntensnce of soid fertility and providing tha

natrients in correct proportion are thus the key to the health
~
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and vigour of plants and their resistance to dizeaces.

Tne pressnt study has been uvadertasen with the object of
investigating the nutritionsl status of soils in relsation to the
incidence of “hunchy Top' dlseane on bananz. Such m study vill
be wseful o ascertaln whether goil conditions aet a&s predispesing

fectors in the incidence of the disesses



- BATERIAL® AND METHODS

3 Eﬁﬁ &ﬁ%ﬁ@' les
'3 districts (iwo dieeased and one healthy) were selected for
the investigation of the nutrient status of the sodls. In each
of these digtricte, two types of solls were taken for the sdudy.
Yhe details of mﬁr&étﬁ; ':mmi::&pix sod type of soile ere

glven belows

. e 0 9 e o 0 e 5 5 e 2
| , " Joomtion from Type of
Distriot whepe moil : apil Hemarka
| samples gollected . .
1. Quilon 1. Guilen  Samdy | Disensed
_ ‘ 2+ Eobburakars Lmterite | area
2. Bruekules 3e #lwaye | Seady | Diseased
& Moovattupuzha iaterite | area
. ﬁamzm@a, 5« Payyanuug . Sandy ‘iﬁ Healthy
' 6. Taliparamba Laterite § area

& bpief description of the aliove arcas is given below:
Lo
The district, with an area of about

uilon Distriod

8000 weres under bananae,
hos & well distributed reinfell, The annusl réinﬁ&ﬁ Tanges fron
2600 to 3000 mu. with & saxisus mean Semperature of 9%y during
Parcheaprdl ond niniwus temperaturs of ?a‘“r during January.

" Béndy seils are 'fgszm-a along the cosstal area. Kottarakare,
with laterite soils, is to t’iwi intexior, 24 Mi@ml’tbﬁ enst of.

» quilons’ '



il, Erpakulew District

slwaye with sandy loew aoils in situsted Slose t_o the corptal
aren, and Hoovatupusha with laterite e0ils is located about 40
kilomsters to the intsrior end at an elevation of sbout 180 wmeters
above mean s»a level. The rainfall of the Gietrict ranges frem
3000 to 3800 am. The asxisus mean temperature of the locality is
95°F and sinimun tenparature 68°F. The area under bansna is 5,800
acrea in this diatrict.

1ii. Cennanore bistrict

The diatrict with an area of 25,000 acres uader banans is
situatsd in North XKerala. The annual rainfall of the distriot
ranges fxos 3500 to 4530 am., distributed over 120 days and recel-
ved maialy during the southewest mensoon (June to September).
Payyannuy, wish sandy soils da locate in the coastal area and
Taliparombe, with laterite soils ia situated 25 kiloseters to the
interior at an slevation of 45 meters. The hizhkest Seaperaturs
of the trast is 100°F in AprileMay and lowest mindaum temperaturs
of about 60°F in Decesbereganuary.

Txarty representaiive soll susples were c¢ollected from sach
ares, and under both diseased and healthy ylarts. The moil ssxmpe
les were collegted 3 feet away froa the base of the plant and to
a depth of 12%. Bosides, 5 sanples were collected to a depth
of 12" to 3%, The details of saiples coilecied mre given in

pege 3.



Soil Type
Diatyict Sandy Isterite

Bealthy Discaved Healthy Plicensed

Depth OralRD LAVLSENI Hal2H LANaSEM GOaLn 12036 0ML 20 Late3EY

uilon 20 % 20 5 ] 5 ao
Erpazulen 20 5 20 5 20 5 &0
Connanors 20 5 e - 29 5 - -

Total 60 15 40 10 60 i5 40 bl

24 Ipal sempies

Twenty representative loaf samples for snxlysis were collect-
ed frow both healthy and diseased plants 2rom each area. The selegs
tions were sonfined to those planta from whooe base soil mamples
were iaken for analysis.

B. HETHOOE OF ANsLYSIC

Brief outline of the methods mdopted for the xnolysis of the

-

soils is prosented below:

“Preparatios of eoll samples snd leaf sanples

The avil smnnples collected were dried in the shade, ground
in porcelain mortar, and sieved through a 2 um. sieve., The mates
risl thus prepared waz used for laborsmiory examination.

The leal ssmples were dried in shade, poudered well in a grine
der and the powdered material @was used for ansiysis.

Chenigal Analvaeis

The mathods of analysis adopted in the study were those of



thﬂkﬁ.@.ﬁfﬁ.ilﬁﬁoi, #30il and Plant analysis® by Piper (1950) and
%5011 Chemical anelysis" by Jackeon (1957).

Soil sanplem were tested for pE snd aaalyéoﬁ'tcr available
phosphoric acid,svailable potash, exchangenble enlcign Aand magne~
siua, crganic &nrben; total aitrogea, totel phouﬁhar&c noid, ‘
potash, palcium’and sagnesium os detailed bélow:

1. Sofd nniqture'

Moisture was determined by drying at 1@5°c for & hours.

ii. g8 |

The' pH was determined in 1:2.5 soilewater suapenzion using
gluaa'oleettcdé.

iid. Qrgenic cerbon.

The wet dlgestion method of Walkley and Bliek (1934} awm
modified by Walkley (1935) was used.

‘ Known guantity bf pewdersd soll was treated with potassivg
dichromate and sulphurie scide The excesa ﬁata-inn»diehrﬁnatt
wes titrated back with ferrous sulphate solution using dipheny=
lemine =8 indicator.  Fros fhn wﬁlumo ct"ﬁatuasinu dichromate |
used. the arganic'carbﬁﬁ.ha-_cnlcnlattﬂ- ‘

ive Grgamic ﬁngég@
By sultiplying the organic tarbon content by the factor
1.72 the organic matter content was avrived at.
Ve EV|§§ub1§ phosphorne
Avaii&hle thesphorus was determined by Dickman and Bray's
method as given by Jackson (1957). Weighed quantity of the soll
was extracted aiﬁa ag@anium xluéride-ﬁcl estracting medium. The

9hasghorﬁé in th->-xiia¢t'wn¢ eztimated colorimetrically uvaing e

-
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flatt-Sunmerson Colorimeter,

vis 4dvailable Potassius

dvailakle potansiuve was estiamted by turbidiwmetric method.
The weighed mall saiple was extracted with Horgan's reagent and
the turbidity developed in the extract by adding eodium cobaliie
plirdte solution, wae sstizated colorimetrically using & Alette
Bumsersor Telorimeter.

. vii, Zxchangseable Caleiun

The sxchangeable calciun wee estimated by lenching the soil
with aeutral sumoniue acatate, precipilating s qualate, and
$itrating sgalnst standerd polassiuwa psrasaganate.

viii. Exchangesble ¥ngnesins

The sagnealum In the filtrate fron calcrun estiaation wanm
precipitated oy magnepium dihydrogen phoophate and determined
gravinotrically.

ixe Zotsl Ritrogen

Potal niirogen was detarsized by the Xjeldehl methed as
given by Piper (1950},

x. Toial phosphoric aecid

Total phosphoric zoid was deterazined by the mathod ws adopted
by the feU.0.5. (1956).

xi. Potzesiun
Fotasgiun was determined by sodium cobaliinitrite medhod us

~

given by the SeDedeGe (1950)-
xii. galotum

Caleiue wee deteramined by the nmethod ss given by the 1.C0.1.0C.

€2950).



¥1id. Mmenpeius

HMagneaiun was determamed by the method es given by the 2.0.4.0.
{1950},

The zomlysie of plent material for major sutrients {(nitrogen,
phosphorus and potessium) and for calcium and zmgnesium was done
by the pethuds a® given by the A.0.4.C {1350} and *S8oil and Flaant
Asalyeant by Piper (1950},

{C) LXPRHIAENT

Gith & view to study whether the nutritional mitatua of the
soil, especislly csleium asd magnssium, 26 & faotor in the ine
cidence of ®Bunchy Top" disesse, an experiment was laid out with
rajor autrients plus c¢slolium and seghesium,

1« ZIrpsataents and lLay out

The szpeviment was laid out as follows:

@ceatéants:

Ae Contral

Bs HeFoEe Baxture

e HeFeEe + Caloium

De NuPeKe + Hognesium

B, EoF B» + Calodum 4 Hagnesium
Lay out

The pols weve aryranged in a cvandosimed block design as
recommended by Panee and Sukatme (1957) with 6 replications, A
sgacing of 2.4 meters zos given between tae plants both ware.

2. Sapans Suckers

The variety of bansoa used for the experiment wes Hendran,



%

known locally as Yithan®. In Kerala, Heandran is ons variety ihat
is highly susc¢eptible to the disease under natural gonditions.
Artificeal transaisesion of The dimease by release of aphids eas
also found zgccesaful in this variety (Progress report of the
Scheme of Resesrch on “Bunchy Top® 4isessc of bananas in Kerala
EBtate for the year 1956-57).

The healthy banzna suckers for the experiment were cvllected
from & garden in the vicinity of the College. The garden was
compietely free fros the disesme. The mother plants werz observed
throughout its growin period for the ancidesce of the disease and
healthy suciers were collected only after satisfying that the
garden was free Irom the dlacase,

fiendran variety ie a ¢rop of 1 months duration. 30 banana
suckers, almoat uniform an oize, ®ere ccllecled two daye prior
to the plantiag date. The sutkers soere aire-dried for two deys,
before jplanting am prectised in the locality.

5« Pots for thc experiment

Thirty nurbers of reanforced concrote pots of size 60 ca.
dianeter sad 60 cw., height wmere given two coatings with brtusin
paint to prevent tae pla. t roote from absorbing nutrients from
the cement materiml of the pot. Rewitt (1950), in studying the
trace elszent nutrition of planta, adopted the method of paine

ting the pots with bitumin to prsvent sboorption of exiranecus

elements.
&, Band

Coarae grained river sand wae used for the experiment. It

nas sieved in 1V mieve, treated w>Th 2 percent Hydrochloraic acad,



then with 2 percent iddtric meid and washed free of agides in a
current of running water. bach pot contained 150 kg. of washed,
drisd smod.
5. Manures
{a) ¢Cattle menure

1546 #ge 0f well decomposed farm yard nanure was miged with
the sand in ench pot. The analysie of cattle nmanure showed ithe
followiag percentagze of plant sutrienis:

Ritrogen we 0,620

Fhospliozie acid = 0,368

Potash - 0.45%

Calcaum oxide = 0.58%

Hagnesium oxide -« (.04%%
(b) lime (caleium carbonate)

Byeproduct calciues carbonate obtuined from the Fertilisera
and Ghenmicals, Travancore Ltd., Alwaye, was ugsed Ior the experie
esnt, € kg. of osloiuz carbozate was umed for 42 plants in two
trestuents,

The saplyesis of the ocalcaum carbonate for calciun and vage

nesina gave Lhe following values:

Cal - j?c 1@%
LY - 1.55%

{0} HeF.E, Fortiliser mixture

He¥aKe fertalicer mixture (9:9:9) fros the Fortilivers and
Chenicals, Travencora Ltd., sas used for the experiment. 2.5 kge

of 9:1%19 aixture was sppliced per plant in all treatments except
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the controls. The snalysis of the fartiliser mixture showed a
coleium content of 9.7 percent. {alf the phosphoris asid in the
pixzturs was in water scluble form.

{4) Fagnesium carbonate

Chemically pure sagnesium carbonate contmiming 47.3 percent
eagnesium oxide was uved for bthe experiment. 672 g. of magnasium
carbonate wes uvsed for 12 plants in 2 treatmants.

{e¢) Bicrc nutrisnts

The micrg nutriente namely pan,znese, Zine, COPPer, Lrof,
boron and molybdenua, were applied 2n all pots sng these micro
nutrienta were suppliwd as magoeaium sulphate, zinc sulphate,
coppsr czulphate, iron sulpoate, boric acld and molybdic acid
respectivelye.

Catile panure and axcro nuirlents were  iven to all ihe

planis including the control at the following rates a¢ basal

dreseing.

Gattle manure 13.6 kge. per plant
. Miecro nutrientz per plant
L .
§Chemical used Quantity o supply the [qQuantity '
! 1 miero nutraent §
Hongenese sulphate 6.6 g, Hapganese 2 Be
4inc sulphate 8.8 g. Zine 2 B
Cepper sulphale 7.85 g, Copper 2 Be
Iron sulphate el Zo Iron 2 Be
Boric acidg Cel Es Boron 3 B

Molybdic acid Tl g Holybdenum 1 &
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HePoBu Hizxture

For treataochte B,8,D & o Hev s alxture at 2.5 kg« por plant
was used.

Galgiun carbovate

€43 kgo par plont for treatments C & B wes given.

Megnesium ecarbonste

For treataents D & a4, angnesium carbonate at 56 L. per plact

wan giveb.

Plantin
The boles previded on the sides st the bottom of the pots were

plugged with glass weol for retainiusg sand in ihe pot and at the
sane time to drain the cxeess wsater. The pots wmere then f£illad
with s meastred quantily of sand mized with basmel manures., 130 kg.
of sand was added to each pot, sufficient ror f£illinz the pot
upto 7+5 cm. fEom the top.

The suckers were plonted at ths cenire of the pot by scoupw
abz the sand, The plenting was doae on 17-11«1962.
Fertilisers

ihe basal dressiog with 13.6 hg. of cattle manure wmas done
for sach pot before filling. 6.16 g. of nanguness sulpbata,
8.8 g5+ of cinc suiphate, V.04 g. of copper eulphnte, 10 c. of
ferrous sulphate, 5.2 5o of boric acdd and T g. of molybdic
acid were nlese mixed with the sand in each pot bufore filling.

Idme as calelum cerbosnate was applisd to trestments € & B
at ths rate of 0.5 kge p8r plante The application was dose in

a eirenlar layer 30 cn. bzlov the surface and away from tne



rhizone of the banasa susher. It was applied before planting the
suckors.

Haganeoiun wad suppliled as mognesius carbonate. It sas mixed
with the sand peiore filling in the pot. The dose applied was
56 ge per plant undoy treatmenta D & .

Tho Re# K. fertiliser mixture at 2.5 Ege per plant was
applied to all ibe plants, except control, in % oplit doses of
/3 guantliy esch iime at monthly intervals. The 1st dose was
applied on 16-12+1968.
irpigation

The bansnz suchers sare potesatersd lightly on the day of
planting. Iight irrdgation was given till the sushkera sprouted
and startea groving., ¢ith the application of fertiliesr mixture
cne moath after planting, the gquantity of wator spplied was
iacrenced. Hgual guantitios of water wore appiied to all the
plasts daily.

Belesse of aphids

Pestelonis nipronsrvgss, the banana aphid, ic the vector
reaponsible for the transmission of the virus, lhe causative
rgent fop the “Dunchy Top" diseane of bananas.

Tne aphld veotor thrives hest in humid conditions snd pore
aiate on the plant if there is mufficient shode. To provide an
optinue condition for the aphide to persigt ou the plants, a
pandal was erected with the object of providing shwde, Tne
good ralp wae recelved a day prior to the release of apbids and

tais wab helpiul in kesping the ground in moist buzid condition.



The aphlde reguired for transpission were reayved on heslthy
rlanta and then allowed to fesd on disensed plants for a pericd
of 7 days. The aphids woxe co}lccted on 1=1=1963 and half=
starved for 2% hours. They wmers reloamed in the leaf sheath of
young leoaves at 30 nusbers for oach plant. The relesss of tha
aphide was dowe under the supervisica of the Heseurch staff of the
Lunchy Top Research Icheme, Azgricultural Gellege, Vellayani. The
bumid condition snd shade were maintained for a period of & days
Izrom the date of relaase of the aphids. The aphlds were releaced
on 1i=1=1963,

Charscters studied

A7 s PPt

1. Height of the plant

The helight of the plant wasn measured at weekly iantervalas.
The hedght sas measured in cenbizmeters from the surface of the
sand in tue pot Lo the apex of the plant.
2e¢ bugber of leaves
The nunber of leaves tmerged and opened on the days vl obe
sorvition were recordad,
3. Longts ond wnidth of leaves
“be length of ithe leaf was taken from the tap of the leafl to
the poilnt where leaf blade ends on the peticle, The wadlh was
messured st the middle point of the leal.

%o Chserysiiouns on zymptonw of disease

The following symploms of the Jdiscame were looxed fors
i. Bevelopaent of chloretle stzeake nd dots on the petiole,

lasf blode snd madrab.



ii. Upraght rosition of loaves, curlia, of leaf margiss,
seorehing, splatting of leaf blades, brittle nuture of leaf,
iil. Lhortening of leaf size both in leugth and width.
ive Redvetion in further growth, elongation of peticle
reduced and production of cluster of leaves.
ve Hepreosentative leal saaples were drawa from the
potted plants under different treatmentsz snd analysed for the

galeium aud magnesium content of the leaves.



RESULYS

1. Soil amnalvesis
i. Soi) remction (pH)

Table 1 presented below gaves tha ol valuss of solls studied.
PaBis I

pH VALUBL OF o0IL3 UF H8ALTUY Afd DISB4ALD AREAL AT

TG DIFFLRENT DEPTRS

? Depth of soils Z
H
{Soil type ot to 72n 2% to 36" f
i pistrict {Mean of 20 samples) (Hean of & mamples} !
% Healthy | Diseased t dealihy (Digeasedr ¢ i
-, 4DY
Quilon 6410 5495 0.18 5.66 5'36 1060
Hrnakulam 509& 5.‘57 G ls6 S 32 5e20 Oo?li'
Cannanore HeldB - - 4,90 - -
Hean f‘-&‘? 5.91 @.2}} 5-.}0 5-25 0.23
LoTRRITs
qurlon 5.27 4,97 0.9 5.20 Bedd 2490
kenakulam 5439 5.29 060 .38 .78  0.u3
Cannanore Selt8 - - Ge 36 - -
Hean S48 S5e13  1e00 Selb 4,63 2.88"

-

+  signaficant at 0.01 level

It can be seen from the data presented that witnout exception,
the sulls fron areas of diseansod plants are soro acidag ¢owpared

to areas of nealthy plants.
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2. Orpenic carbon

The data presented in table Il give the organic carbonr cons
tents ol the spils studied.
TABLE 1L

CREANIC CaRbON CONTLNT OF L01Lb OF dealIBY AHD DiLBASKD
ABGAS AT T80 DIFF1 RENT DEPILS

(Lxpresced a= percentage on oven dry basis)

Depth of goils

Soil type oW to 2% 42 to 369 !
ﬂiafriot {Mean of 20 samplos) {(Mean of 5 samples)
Healthy iniseased , t Healthy ! Diseased t
SARDY
quilon 0.66  0.83 6.0 0.52 0.61 2.94°
Ernakulon 0.70  0.87 2.36"  0.33 Oolt2  0.80
Cannancre .51 - - C.65 - -
Hean 0.72  0.65 3.65°  0.50 0.53 G.4*
L& RITE
Guilon 0.75  0.99 5,10  0.43 0.50 2.20%
Ernakulam 0.98 1.05 1.09 0,49 0.53 1.12
Gannanore 115 - - O45h - -
Hean 0.96  1.02 1,40 0.5 0.32  2.70%°

Rote: 1In all tables the asterick mark indicates
gtatistacal significance as shown helowm:

+ Bignificant at 0,07 level
+4  dignificant at 0.05 lavel
re¢ HBagniticant at 0.1 level

The soils from areas of diseased plants had a higher content of

organic carbon as compared te thoue of healthy plants in both the
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soil types st the two difierent deptim, The organic caxbon colls
tent of w=0als at 128% to 36% depth is found to be lower thun that

of ke OV to 12" laysrs Pstween tne two soils i,pes, the laverite
soils gave a Lignher content oi organic carbone The mean values for
all the Districte tohen together also recorded a hisher content of
organit caroon in areas of diseased plants.

She higher content of organic carbon in areas of Jdiseased planta
ic significant statistically in sandy solls of Guilon snd Hxnakvlam
districts, and laterite soile of ¢uilon District at 0" to 123% depth.
It is aloo signaficent st depth 12" to 36" in respect of sandy and
laterite sodle of Quilon Dustricte The mean values of orgenic cade
bon izn dusemeed areas are Q.85 percent and 1.02 percent in respect
of sandy ana laterite soils =8 gompared to (.72 percent and 0.496
percent respectively, ie healthy aress.

3. Oxganic mutter

Toble IT1 pressnted on page 45 glves ithe percsntage of ore
ganic mabier content of the suils studied.

The organic ratier content of soile of diseased area is highe
er thap in healthy areas sad the higher values are significosnt
for sandy seile of Loth Gualon 2nd !rnakulas disiricts abt tae two
«weptaose It x8 aleoo signaficoat for laterite soils of Quileon
bDletrict at the two depbtns OV to 12" sad 12" to 56" . The
organis sutier contest at tne lower depth is lower than in the
surface sample {0 to 12%),

The sean values for these two soil Lypes in the two groups
af Disiricis alao recorded o higher content of orgunic carbon inm

areas of disessed plants. These hagher values are also aignificant



in the gendy soils at G to 127 depth and in the laterite soil

at 12" to 6%,

TaBLE IIX

ORGARIC MaTThR CONTRNT GF SOILY OF HBALTHY 28D DISRasBD

AREAS AT T90 DIFFERENT DEPTHS

{Expressed z8 percentage on oven dry basis)

-

Uepth of soldls

Ot to 12b 127 Lo 369
801: tyie (Mean of 20 sawples) (Mean of 5 sasples)
Dratrict Healthy UDiseazed ¢ Homlthy Diseased ¢
SANDY
fuilon 1.14 1.43  6.207  2.90 1,04  6.36"
Sraakulam 4420 1.50 2,40 0.56 0.72  2.9™
Cannanore Te¥1 - - 1,43 - -
Mean 1.25 1.46 12.00%° 0,86 0,88  0.19
LITERLIE _
Quilon 1.29 1,72 %107 G.94 0.86 2,20
Braakuler 1o69 1081 1.16 G.81 .98 1008
Cannanore 1.9% - - 0.7% - -
Hean 1.65 196 140 077 Q.80 2.60%*

4, Total Hitrogen

The porcentages of total nitrogen an the solls of healthy

and diseased aress studied ave presented in table 1IV.



TABLL IV

ToPal NITRUGES CONTENT OF JOILS OF REALTHY ARD

DISEALED AREAS AT Tnd DIFFERSKT DEPFDES

(Expressed as parcentage on oven dry busis)

bepth of seils
Jedl type 0" to 12¢ 120 to 369
& (Kean of 20 samples) {Hean of % mumples)
District
Healthy |Disessed | ¢ Hiealthy (bleeased g ¢
SANDY
Guilon 0.052  0.064  11.3° 0.082 0,088 2.72%*
Ernakulan GO39  0.064  1.997%%0,026  0.033 2.92%"
Cannanors £.069 - » 0,045 - -
Henn D.060 G064 159  0.03B 0.0 0.03
LAZERITE
guilon 0,059  0.072  3.70" 0.038  0.042 1,40
Ernskulan 0079  0.083  0.67 0,043  0.08%  3.40%
Cannanore £.091 - - 8,037 - -
Hean 0;@76 0.0?& 0.6? 00039 0.9‘03 1‘90

It cac be seéen that solls from sreas of healthy plaanta

have a lower content of nitrogen aa compured to arcas eof

diceased plants at both depths, 0F ta 12% and 12" to %69, The

Bagher values of total nitrogen in discased arens are signie

ficantly different from those of healthy arcass in sondy scils of

voth Quilon and drnskulan dlstvicts at both the deptho, and

leterite soils of Quilos and Sraskulom disteicta at 09 te 129

and 127 to 36% depiths respectively.
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Se  L/B ratio

VYalues of 6/8 ratio preesented in table ¥ show that in 2}l
the dicensed aress the ratios sre highor ag gompared to soils of

besliby arces.
PABLE ¥

CAROGH/NITRGEE: RaTIc OF 801l OF 4EALTIRY ARD DIN.ASWD

LBEs5 AT TS0 DIFFEMSLT D.PINS

Bepth of moils

Boi) type o® to 2% 12" o 369
& {Hean of 20 samples {fiean of 5 samples)

bistrict
Healtky Diseased ¢ Feslthy Discased ¢

SAahb¥
Wuilen 12.72 12.95 e055 13-% 12462 0.34
oroaknlen 11,50 14,02 2.85%  12.56 12,92 1465
Capnancre 11.82 - - 13481 - -
Mean 12.1h 15,49 3,707 12,92 12,77  0.40
LATLRITE
Qllilﬂn 12.50 13+ 3% 1640 11.35 11.%0 1620
Eraskulam 12456 12.85 Q.48 10.86 1180 140
Canuanops 12.78 - - 11.66 - -
Hoan 12.7% 13.00 F.20 11. % 199G 120

The sandy soils of drgsased sreps of Eroahulasm distriet have a
C/R ratic of 15,02 as against 91.%0 in healthy areas and the

difference is smignificent. Ihe mean velus for the eandy eoils



in the two groups of Distracts «lso ehboved a sigaificantly hbigher
ratio In diceased areas.

The valuee of U/H patio ave however not significantly
dafferent in other avead., The variation of the C/h ratao at
different deptas is lrrezular.

6. TPhospoorie acid
Tables VI and VI1 érasantaﬂ give the date on the tatal and

svailatie phospbordc acid centent of soils studied.

TasLe VI

TOTAL PADLFkoRIC ACLD CUNDLHT OF HQILE F JLaLIdY
AHD DISEAGED ARRAS AT Tw DITTIRENT DLPIES

(Ezpressed as Percentage 9295 on oven dry basis)

Depth of soils

Soil type o to 1Y 12" to 36¢
& {Meen of 20 scmples) (Mean of $ samples)
plstrict

Healthy Disensed ¢t | Healthy Dilsessed ¢

SaRDY
Quilon 0.0%0 0,028 2.20"" 0,023 0,021 3.20%
Srpakulan 04022 04027 1016 0,017 0,005 2.65"
Cannanore 0,035 - - 0,025 - -
Hean 0,025  D.027 1.52 0,022 0,018 2.7
LATERITE
quilen 0,050 0,047 0.9% 0,037 0,034 0.5
Ernekulam 0,038 0,033 4.00° 0,026 0,015 7.00%
Cannanore 0,045 - - Q035 - -

Fean 0,065 0,080 2.30" 0.053 0,025 2.0
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TABLE VIX

AVAILCBLE PEOCPEORIC ACID GUNTENT 0 SOILS OF BEALIUY
ARD SISCASED ABDAG ET . 0 "DIFFER.NSY DEPIRY
{Bxprosssd as Percentago P265 on oven &ry besis)

Depth oF moils

. DA AR A 2 TS

i
4
H
i it gp 3an % 1t ro 368
o
“°ii type : {Mean of 20 samples) { (Hoan of 5 sanples
Ppistrset | ot
! |Healthy Oisemsed t! Healthy Disessed ¢
SARNE
Guilon 00047  0.0052 066 0.0048 ©,0055 2.90%**
Erpekulss  0.0053  0.0035 040 (.0016 00018 0.97
Cannenore G028 - - 05025 - -
Moan 0.0036 0,001 1o66 Q0030 0039 .04
LATERITE
- o
quiles Ge00L7 040022 198 G.0004  G.0005 150
Lrnskulam  0.0008  0.0009 076 00004 000DE .62
Suunanora D001 - - Q40006 - -
Hean 00013  0,0016 0,78 DJ006HS 00052 0.18

The totel phosphoparc acid sontont fa sesn to be higher in
areas of healthy plents oo compared 0 dvlseased =rcas, #xcept in
the szady wolls ol Urnekulam Jisirict sheve the reverss is the
case, The nigher values 0f total # £y 5 are plgniizcané oaly ifer
0% to 12" depth in the sandy asils of Quilon District and laterite

8oile of Frnskulam Histrioct.



It is also seen thet the total Paﬂs content is lower at depth
12" to 36" than at O to 12", Between the sorl types, laterite
soils have & higher conteat of totel Féog'

The mean volues for the two proups of districts aled recorded
zagnificently higher content in healthy areas of laterite solls
at O to 12" apd st 12" to %" in both soil types.

The seils fron arezs of duseased piants have a siightly
higher concentration of avallable phosphoric acid. However the
higher values are not significant in all the areas except laterite
goxls of Cuilon distract at 97 to 12¥ depth and sandy soilas of
Guilon distriet at 12% o 30" depth.

Botwsan the soll types, the lateriie solls have o lower
content of availablo phozphoric acid than the ssndy soile.

7.  Potesh

The data presented in {nble VIII and IX give the total snd
available potush of the zoila studied.

The total yotash content is higher an soils studied at both
depths in sress of healthy plants as compared to disessed areas
an sandy and laterite soils of guilon. The mean values of total
potash are 0,054 perccnt anud 0.050 perceat in respect of sandy
and laterite soils in aveas of healthy plants as compared to
0.036 percent and 0.043 percent in drcensed areas respectively.
The higher values are signaificent Tor sandy and laterite soils
of Guilon Uistrict at both depths. However itne sandy snd latee
rite soils of Lrneakulam Pistrict huve slightly higher content

of potash in disesscd aroass The mean valuce for thease two
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2oils in the two groups of districte are higher in healthy
areas at both depths, znd these are significently differont

from diseazscd arees.

TABLE VIIX

TOTAL POTASH CQORTENT OF 0ILE OF HLALTHY ~ND DISEABED
~REAS AT T8O DIFPERRAT DEPTHS

(Expressed as percentage KZO on oven dry basis)

Depth of soile
80il type
2 P o to 12v 120 to 360
District ' {(Mean of 20 swmples) {Measn of 5 samples)
Healthy Disocased t | Heelthy Diseased ¢
BANDY
guilon 0.0 0,034  L,00% 0,020  0.018 5.80%
frnakulam 04037 0.039 0.28 0.027 0.029 0,45
Cannancre (.08 - - 0,081 - -
Hecn 0.054 .03 B8 0.046 o026 2,087
LATERLT b
cuilon LY D.043  3.50% 0,037 bwze 2.67
Evnakulam 0,037  0.0%% 3,157 0,030  0.02¢ 0.091
Lannznore  (.057 - - G006 - -

Hean 0,050  0.04%  2.43% o.084 0,029 2.90%°
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TABLE IX

AVAILABLE FOTASH CONTSNT OF SQILS OF HEALTHY AND DISHASED
ARsAS AT Twd DIFFLAENT DEFIHS

{Exproessed as percentage K?O on oven dry basis)

Depth of coils
4
S0l type | on to 12¢ 120 to 360
Diastrict {tean of 20 ssmples) {Meen of 5 canplea)
§ #eadthy Dilgeased ] fHealthy Disessed &
4
SARDY
Ruilea 0.,00052 Q.00047 Gule3 0G.00D5 G003 1,07
rnalulos 0005 0,0003 3.29 G.0002 G.0001 0.58
Sannancyoe G LaCT . - BeGua7 P o
Bean 0.00060 0.00080  5.00% 0.0005  0.0002  2.097°
LATERITS
Guiton 0.0009 0.0008 1,06 0.0005 0.0003 1.56%*7
wrnalulem  C.O0007  0.0006 069% C.00032 Caul028  GJbb
Caan.more  0.0U009 - - .00 e -
Hean G000 00,0007 071 00006 G000 1.05

Healthy arens have & higher coenbtent of avairlable potash in
2l)l moils otedieds Toe nealihy are s of Eres. ulas Uistrict ia
respect of sandy soils save & siznaficmtly higher concentpation

of avalleble potesh wb 0¥ Lo 92" dopbk. Tne sean values for the
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aandy soile of the two groupe of Districte ere higher in bealthy
arsas at both deptis.

The healthy areas of the Distraect of Connenore bave hizgher
coatent of total potash than the diseased arese of {uilon and
Ernskulan st both depbhe.

8. c¢alerum
The totel calcium and exehangesble calcium of the solls

P
from disoused and healthy aress are prescated in tablze X and XI.

Pabibe X
CaLLIUN CULIERY OF S0IL. OF RLALTRY AnD BISsadud ARLAS
AT e DIFCERSHT DOPTHS

{dnpreased a8 parcenta.s of Ga¥ on oven dry basio)

Depth of ssile

oF Lo 12" 2" o 56

SOit type {¥ean of 20 semples) {Meen of 5 sumples)
District tealthy Disemsed ¢  Healthy Disessed
SANDY
Guilon R 1] 0,081 1.32 0,075  0.056 .09
Ernakulen 04135 018 133 0,085 G077 2,087
Cannanode 0.092 - - 0,078 - -
Hesn 0,105 0,106  0.76 0,068  C.066 2.10%"
LATERITE
auilon 0,426 0. 101 284" 0,091 0.081 1,03
Ernakulasn 0128 0115 G029 0,005 0,081 2.80"
Canaancre d 105 - - 0,087 - -

Hean Ce120 0,108 1632 0,091 0,081 1.6k
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It can be seen from these tables thot the HGl-moluble

calolua snd exchangeable caleoiva are hlgner in asoale of healiby

areas as compared to diseammod sreas an ell colles even though the

Bighor values are et sigeifieant in many cecen.

Sisnificant

higher values vere obleined in respect of lsterite soils of

guilon disbtract at OV to 12Y depth umd gundy and ilaterdtc =oils

ef Broskulsm dlotrict at 129 to 36% depth.

TaBLE AL

EXCH«NREABLA GF LUIUM CONTENT OF SOLLS OF BEALIHY AND
DISEASED 8BLAS AT 70 DIFFLRENT DUGPIHG

{Zxpressed zn ne/i00 g. of soil on oven dry basis)

Depth of soals

soal tywe on g 12w 12 to 36%

- sictrict (hean of 20 samples) (Moan of S sauples)

i Healthy Dissased Healthy Disensed &

Sauny¥
auilon 2003 1.99 0@'4'1 1.‘58 1026 1-31
fraskwlan 5.25 2aPL 1l.52 1.50 116 lel?
Cannators 2e59 P » 196 - -
Houn 2,56 2.35 D.D5  1.58 1.2 5.00%°

LATERITD
cuilon 2.83 2,38 2,837 1.5 1.09 24647"
Eynaltulan 2,80 262 D63 1,04 D.98 0.08
Gannpnore 2249 - - 1Sy - -
sean 2,70 2450 Le20 2457 1.0b 2.97%"
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The higher valuos of sxchansosble zaliciuz are siguificant

only in respect of latarite soile of Quilon district at both

deptha. The mean values for these two soils under the two groups

of districts showed higher content of available potsah in healthy

areae at 12Y to 36" depth.

De Magnegiun
The magnesinn content and eschangeable magnesiun of the soils

are presented in tables KIX and Xiii.

TABLE XXT

MAGRESINY COBTERBT OF S0ILS OF BRAUTRY ARD DIGEAZBD AREMS
AT %.0 DIFFERENT DEPTHS

(Exproesed &8 pevcentage ¥gh ou ovan Ay busis)

Dopth of moile

““‘z type 0" to 12v 120 to 36"
Pistrict {(Mesn of 20 samplen) {Menn of 5 samplea)
Hemlthy Disezsed ¢ Bealthy Digeaged ¢
BANDY
quilon 0,078 0.065 2.03™7 0.065 0060 w9k
trmakulam 04092 0.079 202977 0.060 0.059 0.3
Cropenore G407 - - G060 - -
Hean 0,079  0.072 1.9 0,062 0.060  0.53
LrRERITS
auilon 0.096  0.081  1.967% 0,086 0,047  1.28
Sroskuiss  0.110 0.09% 13577 0.058 00009 1435
Cannannre D0G59 - - O4080 - -
Hean 0,088 0087 0.22  0.080  0.068  2.00%




Zhe soils from areas of healtiy plantu had e sagaificantly
higher magnesium content in both soil types of (ualon =nd Drnaw
Zulan districts at 0" to 12" depths. The mesmn value for magnesia
Lith respect to sandy soils under the two groups of districts
was also significontly higher for heslithy coreas. However the

higher content of magnesia at 12" to 36" depth is not significant.

TABLE H1XX

EXCHANGEABLE MAGHESIUM CONTURT OF »01l» OF BEMLTHY sHD
DISLASED AREAS AT T%0 DIFFLRLNT DEFLSE
(Expressed in me./100 g. of B0zl or oven dry basis)

"Depth of soils

Seil type

. o9 bo 12" 12" to 35!6
pistrict (#isan of 20 somples (Mean of 5 samples)
Healtby Dismeansd ¢ Healthy Pisoaced ¢
SANDY
quilon Ce33 0e31 078 0.26 0.10 210.90"
Ernaktlam  0.37 0.33 0.82 0430 0.17  &eso¥
Canzanore Qelt9 - - 0,43 - -
Mean 040 0432 2490% 0,32 0.13  heho®
LALSRITE
guilon G b2 0.35 0.66 0. 30 0,29 weh2
Zrnokulam 0459 0.50 1.947%* 0,40 0.38  ¢.82
cannanere 0.47 - - 0.53 - -
¥esa el Doli® LTS Cold 0. 3% 207"

The sandy =nd laterite coils of healthy «reas have & mean
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value of 0.079 perceat and 0,088 percent of magnesin content as
compared to 0,072 percent and 0.087 percent in Jimsensed sreas
resiectively.

Significantly haghos vulues for exchangesble magnesium are
oeen in reepsct of laterite —oils of Zrnakulam district at O" to
12" depth and sandy soils of bota dastricts st 12" to 36" depth.
Tite healthy arees of Canusnore have higher gontents of exchangeable
magnesing compared to the soils of the other two districts. The
mean velues for all the districts teken together show a signpifie
cantly higher content for healiby areas in sandy soils at both
depths and laterite sodls at 12" to 36Y depth.
1i. leaf analysis

The results of chendoul analyeis of henlthy and diseased leafl

gapples collscted from the districts are prescnted in Tables iiV

to KiX.
Lable IV
SITEGOLE COATLHY o L2alSdY nhb DI.BASLL LLAF BaMPL .o
{Lxpressed a8 percentage N on oven dry basis)
é Loaf semploes §
E 91] type {hean of 20 sawples) ¢ :
iQi&Lrict ?ealthy i Tnseased 3
S4NDY
[ e
wulilen 2¢%0 2e21 2450
srnasnlag 2.86 2.92 0.96
Cannanors 2408 - -
Hean 2435 2.56 2,63
LaTELITE
Guilon 2.76 2.87 3.69%
Dravkulen 2.78 2.88 32807
GCannanore 252 - -

Mean 2469 2485 676"
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The data presented ia teble xIV show a higher cuatent of
nitrogen in Jdiscazed leaf memples as compored io healthy samplese
The higher valwe la sipgnificomt i all arees except lesf sanples
from sandy soll of Srassulen bistrict., The mean values of
aitrogen scontent of il the Districts taken togetaer also
regorded a significint higher content. The nitrogen percestages
in drgeased sanples fros sandy and laterite soils are 2.56 pere
cant and 2.88 percent snd those of healthy samples are 2,35 pere
cent and 2.59 percenl respectively.

2. Fhosphoric apeid
TABLE XV

FROGPHOPIC AGID GONPENT OF HEALTHY ABD DISEASED LEAP SAMPLAES
(Expressed so percentege Pa% on dry basis)

Leaf samples }
.‘ioii type (Hean of 20 susples) g
t
Bistrict Healthy i Disenscd g
¢ i
SANDY
quilon 0.50 0.56 2.67%
Broakulen 0453 0.62 S5.70%
Cannanore .37 - -
Hean 0.47 Ga59 8.90°
LA ERITSE
quilon Ge52 Ge76 15.00%
Ernskulam 0.48 0453 6.50"
Cannanore 0.39 - -

Hean 0.46 G.65 9.720%




In the cuse of ghosphoric acld content too, the disensed
leaf ssmples from all the areas have bigher values and the
difference is pignificant. The diseasod semples have a phosphoric
acid content of 0.59 porcent and 0.65 gercent as comparsd to
Ge#7 percent and 0.46 percent in heslthy samples from sandy and
laterite arcus respectively.

3. Potagh
TABLE 2VY
POTASY COUIENT OF HLALTHY obhD DISBAIED LEAY 3aWDLES

{ixpreseed am percentage 320 on dry basis)

Leaf sauples i é

804l type {Mean of 20 seaples) § i

-3 1 4
Glstrict foaliby Bisenged g %

saupy

Guilon 2,29 3,08 48,00*
Renokulas 3.66 4,63 6.30%
Cannanore 2.82 - -
Mean 2.92 3e86 &.00"
guilon 3468 La2h Sea0*
Ernakules 3039 3.97 [
Cannanore 2.88 - -
Hean 3.36 4.0 8.5%

1% 45 seen from the data presented in table XVI that

potash is higher ln disecesed lenf samples from doth sosl types.
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The higher values are significant. The mean values of potash in
diseased samples from sandy and laterite sozls are 3.86 percent
and 4.10 porcent as against 2.92 percent and 3.36 percent in
healthy samples respectively.

L, Calcium

TABLE XVII

GALG1UM CONDENT OF HEALTHY ARD DISEASED LEAF SAMPLIS

(Expreseed at percentage Ca0 on oven dry basis)

Leaf samples

Soil type t
& Healthy Diseased
Distract
SANDY
Guilon 0.67 054 2.70%
Ernakulan 0.59 0,48 3.90%
Cannanors 0.67 - -
Mean 0.64 0.51 5.10%
LATERITE
guilon 0.62 0452 3.60%
Ernakulam 0.63 0.57 2.56"
Cannunore 0.66 - -
Mesn 0.64 0.54 4,30

Table XVII prescnte the data on the calcium content of
healthy and daiseased leaf samples, The calcium content of the

diseaged leafl samples showed significantly lower values
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as compared to Lhal of healihy leaf sasmples.
e Magnesiun
P.BLE ¥VI1I

HiGNESIUI COBTENT OF HUALTHY AND DISRASED LUAF SAMrLES

{Expresscd as perceantage MgD on oven dry basis)

Lenf sanvles

S0il type
&

t
District Healthy Disensed
SANDY
quilon 0.462 0.513 242t
Ernakulom 0.531 D462 340"
Cannanore De3%2 - -
Hean 0.45!}2. 0.‘*37 0.30
LéTERITS
suilon 0459 0403 1.60
Ernakulam O. !'61 0."32 0-:!0
Cannanore 0543 - -
Mean 0.455 Ooh17 2.38%%

The magnesius content of leal aamples anelysed are presented
in Table XVIlX. The magnesia content is higher in healthy leaf
aamplea compsred to discased sazples. Hosever lhe difference
iz noi statistically sagnificant an resyect of samplem from

laterite soll.
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6. CGaloium + Mapnesium/Potaspiug ratic

TABLE XXX

CALLIUH » MAGHESIUM/POTASSIUN RATIO OF HEALTHY AND

DISEABID LEAF S/HPLUS

Leal ssmplcs

Soil &ype
&
District Hoalthy Biseased t
SAHDY
guilon 049 8,31 7.80%
Ernskulan 0.32 02D 6.30%
Cannanore 0o 35 - -
Heon 0.39 0.26 B.50"
LAPERITE
quiloa 0.28 0.82 Se.30%
Ernskulan 0. 34 0425 480"
Canvansre G353 - -
Hean D53 (a2l 8.00%

The data prosented in Table XIX give the ealcius + Magnesium/

Fotassium rotio.

The pratic is seen decreasing from healthy to

disesccd 1enf sauples and the difference is statisticelly

slgnificsnt.
11X, Yot oxperiment
Growth measurenonts such as height of the pleabts, nuaber of

leaves, length and widbh of leavee wore tallen om all tho 30 plante
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under the five treatments. The time taken for the appearance of
symptons was also recorded.

The data presented in Tables XX and XKI give the growth
asasurencnts of plants, nemely, height of plants snd number of

leaves on the day of releanse of sphide.

TABLE XX

AVERAGE HLIGHT OF PLANTS IN om. ON THE DAY OF
BELEASE OF APHIDS

Troactouent Average height of
plants in cm.
8¢ {lontrol) ?6.7
4
Ba (H.P.E) 95.8
Ge U'I.E‘.K. L Gﬁ) 810.}
b+ N (ﬁo?:l{o L Hg) 37.9
9 (3&.?.1{. 3 Ga + Mﬁ) 91.0
Griticel differsnce: 9499

B8 E b 6 &

ghe plants under troatmsnt B,5 and D sre not giguificently
difterent in heizhts 3o also the Aifference in height betwcen
£,D and € 28 not significant. Tne helght of plants under treste
ment B 1s hosever siguificantly daiferent from plants under

trentments G and 4.
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TaBLE XXI

AVERAGE BUMBLR OF LZAVES ON THs DAY UP RELEASKE OF AFPHIDS

Average Ho.
Treatments of leaves
A+ (Control) 733
Be (B.#B) 733
Co (RePoE. + Ca) 3.50
De  (HePoKe + Hg) 833
Be (R.P.Ke # Ca + Hg) 8.67

Critical difference: 0.51
¥ C D B 4

The plants under treatment 5,C and D have more nueber of leaves

as compared to plant under treatments B and 4. However there

ie no significont difierence between trestmentc E,G and D.

Disease syuptom® appsared in all the plants under different
traatments, Fowever there is variation in time taken between
treattients an the appsarance of Symptoms. '

The tuble XXII precented gives the average number of
days tuken tor the eppearance of symptoms after relesse of aphids.

ol all treatmeant combinaticas studied, treatment &, namely
DiePeKes ¢ Ca + Mg delayed the incidence oI the diseane to tue
greateszt extent, 1e., 23 days over v.r.k. Srestment. Thne tisme

taken for sppealanes o symphbons in treualment L is mignificanily
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differenl fron troatment », € nnd B.

Z4BLE XXIX

AVLRaQd NUXBER OF DAYS TAKEN FOR AP/EARAGLUE OF SYMPTIHY
AFIER RILEASE OF APHIDS

Average nunber of days takon

Ireatments for appesrance of sysptoms
Ae {Control) 34,30
Be (HePoH) 30.00
Ce (HoPells o« Calodum) .20
De (WoPeKas » Hg) L2.70
Be (HePohe + Ca + Mz) 53400

Critical diffevence: 12.82
E D s €08

The plontc under trootment D showed delayed apjearance of symploma
over treatmeaie 3, €, .nd B, but the delay is hosever not alpnliie
¢ante The difference bhetween the time taken by & and By, although

not esignifiennt, is appyroaching significance.

TABLE EXIIL

AVIRSGE GROWIH REASURENENTS OF PLANTS AT TINL OF AP ESBARCE
OF SYMPIOMS aARD AT QHE FINAL OBSLDRVATION

Aversge growth conditions at  Average growbh condition at

the time of noting symnptons final observation
:r:zt- Height No. of length Uidbth Height Ho. of Losgth Hidth
@ in cm leaves of leaf of of leaves of  of
in o3 leaf plants leaves leaves
om o cn (1.1
Ae 1140 12,2 102.3 488  118.8 17.7 6l.§ 17.3
Be 139.7 11,8 118.2 S52.2 142.3 1B.8 5743 15.2
Ce 128.0 13.2 112.0 502  130.7 20.8 65.2 15.0
e 1370 16,2  123.3 5.8 1W.5 19.86 78.3 23.0
{3n 161.8 16.5 135.7 SHe? 102D 202 FHe2 3l

From the gbove date, it ocan bo seen that alter ihe azpearenge
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of the first syaploms, further growih ils reduced or aloost
curtailed, anid size of leaf both in length and widih wes aslso
reduced considerably.

The analysis of leaf samples, frow ihe potled plants undey
dlfferent treaisents for caleium and magneaium is presented in

tables XXIV and XXV.

TABLE XX1V
CLLALIUH CORTHHT OF Luaf SAMILES

(Axpressed as percentage on oven dry basis)

Treatments average uptshe of calvaun

ae Gap
Ae {Control) 7410
Bs (fi.P.E.) 1.24
G (H.FsHo + Ca) to bl
De {N.P.Ke + Mg) 429
Be {H.P.Be & So + Hg) 1.60

Cratical differcnce: O.12

¥ 4 83 D _3

The uptake of caleium in treatments E and € is seen signifiw
cantly dafzersnt from that in treatments 2,0 snd A. The differe
ence vetween L and C 1@ olpo sagnificant. Ho significont diffexw

ence is seen between treatments B and D and between U and a. dub
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uptokes in treatment B is significontly higher thza in A.

TLBLE XXV

BAGHESIUM CONTENT OF LEAP SAWPLIS

{(Expressed as percentage on oven dry basis)

Average upbabe of Hegnesiun

Irentacnts ag Hgo

Ae {Comtrol) 0,346
Be (Nev.R} Oe352
Go (HePeEe « Ca) 0404
De (H.P.K. + Mg) 0.604%
Eo (HiPeEe ¢ Ca ¢+ Mg) 0o 5H2

Oriticul difference: Q.003

P E C B A

Phe leal analysis under treaimests D ind B showed sagnifie
cantly highor values for the upteke of magnesium than treaimests
¢, B and A. However therc is no signifieant difference between

trealaents D and E.
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TABLE XXV

AVERAQE GROSIE MEABUBAMLEDS AT GEBELY INTLRVALS

bate of Treatments
et a B G 0 ®

X ¥ X Y X Y oz Y % ¢
20w1262 53,5 . 3e7 593 3¢5 55.8 4.3 59.5 B3 63.7 b3
27«12e62 605 Se3 71,0 5.2 62.7 6.2 68.0 6.2 72.3 6.2
Suleb3 68.3 6.3 B3.2 643 72,8 7.3 782 7.2 80,5 7.5
10a1a63 76,7 7.3 95.8 7.3 81.3 8.5 82.2 8.3 910 8.7
17=1=63 82,2 B.3 101.2  B.3 873 9.5 92.2 9.3 96,8 9.7
2heu=b3 91,0 9.3 112.2 9.3 98.0 10.5 1042 9.7 108.7 10.7
Fe1=53 00,0 90,3 123,95 10.3 193.7 117 116.0 113 1218 11.5
P63 108.0 11.3 13643 11.3 125,86 12.7 12947 1243 137.2 12.5
=263 1157 1243 139:7 1245 129.0 13,8 1348 3.3 1455 13.7
21263  118.8 13.3 W33 1345 130.3 W8 138.2 3 152.3 4.7
28-2a63  118.8 13.8 143.3 145 130.3 15.8 138.7 15.3 56,2 15.5
7=3=63 118.8 14,5 3.3 5.2 130.7 16.8  139.0 163 158.3 16.3
=363  118.8 15.3 3.3 16,0 130.7 17.8 139.3 17.0 160.3 17.3
21363  118.8 16,0 143.3 17.0 130.7 18.7 139.7 18.0 160.8 18.2
28e3=63 118.8 17,0 153.3 18.0 130.7 19.8 140.2 8.8 161,7 19.2
buimb3 118.8 17.'7 45,5 18.8 120.7 20.8 105 19.8 162.0 20.2

Hotes X - Helght in em.

Y ~ Humbsr of leuves
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TabLe XIVICa)

AVERAGE GROWTH MEASUREMENTS afl WEBNLY INTLRVALS

Date of Ireatments :
meseures TS : > 5]

L T 1% L @ L ¥ 1L w1
w1262  bB.3 29,0 52.0 27.0 52,0 26,0 55.2 27.8 59.7 29.7
271262  55.7 27,2 65.3 31.8 58,2 29.2 6.3 0.0 67.3 33.0
3=163 65:0 317 P85 35.3  67e3 3303 7365 3.7 7he3 3345
10=l=63 75:5  35.7 86,5 B4.3  78.8 38.8 83,7 42,5 85.3 hheS
17=1=63 81,0 42.0 93.7 46,0 89.0 40.3 88.2 43.7 91.7 47.5
2hateb3 83.7 43.7 100.8 47,0 92.0 45.2 97.8 45.5 100.0 &47.2
=163 95,0 45,5 109.0 49,1 102.3 49.1 108.2 B8 113.2 51.0
7=2+63 100.8  46.8 114,53 51.3 108.2 52.3 115.5 53.0 121.0 54.2
1he2a63  103.5 48,8 116.7 45.3 108.5 42.7 10642 45.0 130.2 56.2
21=2-83 92,0 39.8 9.3 39.8 87.3 30.3 110.0 42.5 136.0 €0.3
28-2-63 8849 3640 71.0 17.0 79,0 20.2 100.3 36,0 123.0 49.8
7=3=62 7307 235 0.2 18.7  72.5 17,5  83.2 26.5 116.3 13.7
He3e63 67.2 19.3 65.7 16.8 70.0 17.2 82.5 26.5 113.7 40.7
21363 65.5 18.9 62.2 16.5 6B.7 16.7 82.0 26.0 110.3 38.8
284363 62.7 18,2 60.2 15,7 67.0 16.0 B80.5 25.5 103.5 35.3
hulie3 61.8 17.3 7.3 15.2 65.2 15.0 78.3 23.0 96.2 30.2

Hotas 1, » Yength of leaf in em.
% » idth of leaf an et



DISCUSSIos OF RESULTS

Though it iz widely accepted that the disease “Bunchy Top",
thareatening the destruction of one of the premier horticultural
crops of Kerala, is ceused by a virus, it has to be adnitted that
the environsent and soll charscteristice do exert a certain
influence on the incidence and spread of the digease. In the
present investization, detailed studies were made on the chemical
characteristics of solls and ieaf samples Irom both healthy and

discased areae,

1., fPhysical condition of soils in relation to the disease

It wos observed during a rapid survey of the areas selected
for the coliection of soil and leaf samples, thzt the ancidence
of the dimease ig wore prevalent in lo® lying areas subject to
water logglnge The enguiries made in these areas alag showed
that banana gardens which have been allowed to continue for
several years fron the date of planting, are more susceptible
to the dicease thun those that have been retained only for a
few years. In faet, the results obtained in the investigataons
conducted: by Bryce {1921) have shoen that "Bunchy Top" disease
was much more pravalent im benanz fields sllowed to run on
saveral years from the date of planting.

2. Soil reaction (pH)

The results of study of soil reaction presented in table
indicate that the diseaused areas are more ascidic conpared to
healthy areas, In ilhe case of sandy soils, there is no appreciable

differences in scil reaction, but the difiersnce is more pronounced
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in laterite soile. The acidic reaction of the sitesr of diseased
rlants shows that it may have a contributing effect on the ine
cldence af the disexzse, Gimilar gbservationg were recorded by
Verguese (1934) and Menon (1946~54%) in their investigations on
the incigdence of root and leaf disease of coconuis.

3¢ BHKutrsent stetus of the scile in relation to diseass

Hutrient status of soile contributes to & very large extent
the orienting factor in msny dlssases. Adeguate nutritiocn from
a favourable root environment would maintain the pla;t in s
baealthy state wiih grexter dimecase resistance. The growth of
Planta is ap profoundly influenced hy soil conditions thaw 1t
can safaly be assuied that these alsg exert a powerful effect oa
infeetion by virus discesen, The nutrition of the host piant
may affect remction to infection, suaceptibility %o infection
sad in the field, chances of infcotion, by crsating conditions
favourabvle for the activity of vecters.

i. QOrgeanic carbon and organic matter

Data on the orgaznic carbon content of the soll from the
diseased «nd heal thy regions prasented in table II show that
diseascd areas are richer in orgapic carbon.

Slgnificantly bigher contents of organic carbon zud orgssnic
smtler are noticed an diseased aress in respect of sandy zoils
of both Quilon end Ernskulam Districts end leterite solils of
Quilen District, indrcating a possable scontributing influence
of organic carbon in the incidence of the disease.

Since severe infection has been observed in water logsed

arcas and in gardens in wuch localities where banans crop is
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grown continuously over a period of years, it would appesr that
tie possibility of injur:ous substances belng produced from orga=
nic matter and tieir accumulation in the s0il under the poorly
drained conditions, may also De & predisposing factor in the
incidence oi tne disease,

ii. Hitrogen

The role of mitrogen in luxuriant vegetative growth ie well
recognised. The cells become more succulent and pliable and the
tissues bacome more susceptible to attack by organises causing
disesses. Many investigators have repoxrted that oxulasin nitrow
gen is a decisive factor in favouring the incidence of meny fungus
and virus diseanes of plants. dJanssen (1929), Spencer (1935)
and Buwden ond Xassanis (1948) have mads observations that suscepte
ibility to virus diseases increassed in the presence of more nitrogen.
The findings of Jansen (1921) showed that increasing nitrogen
increased both aphid population and susceptidility of potato plants
to infection by leaf roll viruses. The field observations recorded
by Wardlaw (1935) on the incidence of “Bunchy Top" disease also
clearly roveal the teule of high nitrogen in the incidence of this
disease.

‘the data presented in table IV show thot the nitrogen contente
of the soils taken from infectod areas are high an comparison to
herlthy erean, salthough the differencc is not significant.

1ii. Cearbon=nitrogen ratic

The resuita obtained {Tadble V) reveal that the s0il samples
fron sites of diseased plants have higher carbonenitrogen ratio

compered to sites 0f healthy plants. However the higher value is
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::Lg_n_ifiaaﬂe ouly in respect of aéfa&y m’aﬁs of Efrdalmlam Dietrict
&t 0" to aan éopth.~ Tho meen velus for carbonenitrogen ratio for

all the districte taken together was alse higher in ﬁisea&aeﬁ ax'eal.

»

witzx z"éax%et ﬁa s&néx soil.
: ive %ﬁz@waa .

s;aw the masﬁ.ble aaaapt.m of nitrogen ne otkar al«awnt hn
been fctma t@ be so critical fer glam; grauﬁh :Ln the Iield as
phosphorus. Fkasyharm, helug a tajor part of the aucleus @f aolls, :
becomes ah caaeutial ¢#lenant for the muzeiyummﬁm of virmeu in
hoat colls and may :iuereau nuwwta.bﬂity to viraees 'and other
disease ogontee - ' .

‘X’able vii givu the duta for available kawpharia aci& in the
.mﬁs « There is & higher ccmterzt. of avaiiable phasphorit: nciﬁ in
soils fron d&maw& mas. :

‘.i‘his is aloo. m@ of %he valuw for ﬁotal phanpheric acid
presented :m ‘Eabla 5 4 :m respect: ci’ nmdy soils of Erpakulan
ﬁhf;:iw. _ f&_‘;tth remﬂ to xaﬁez‘iw soils, however, tpu gqvgreo- is
A‘Bha'aa;sc;w - o | SRR '

¥ ?otmh L

f‘rm ﬁm data- greaentad &n tab:.a ’Vﬁt it mi@;ht ba geen that
- the total pntaah eont.ant :La hﬁ.é,hsr in aouo fma sitea at heauhy
plzwts in a«mﬂy and la.t:erite rm:i.las of ﬁn&t@n B&strict. However
& higi:u- pai;aah can#s-eafz is notiaed in éiau;m% areas of Emakuiml
Distriet at ov to 1&“ dcpﬁh. : ’mem iz a. highar ubﬁcmfzra%aa of
’&ﬁ%ﬁi and avaﬁaable potash in ﬁse healthy arew of sandy and -
Mteﬂ.% soils of Cannanore District. The available potash canéenta
(Pabie _I{x) is bigher in Vboéltl;&y areas of both goil ty@aluﬁuaica, -
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{

It hey been reported by many investigators that potassium
is reaponsible for increasing resisctance of ceriain crops to specie
fic digeases. It 1s not known definitely wiether potassivm ensbles
the plants to withatand attacks of orgsnisms or shether organisms
become estoblished more easily an potessium deficleat plants.

Potassiun promotes the developrent of thicker oubter walls in
tne epidermal cells and firm btlssues which are lema subject to
collapse. More plant dlseases have bees retarded by the use ol
potach fertilisers than any other substances.

Haley and Reid (1543), Timdale and Dick (1942), Hoffer (1949)
and Patel mnd Fair (1936) have revorted the role of potsssium 22
reduting the incidency of diseases cauzed by fungi.

Janagen {(1929) rejorted that deiiciency of potash fasoured
aphid reproduction and spread ¢f virus dageases. The fandangs of
Broadbent (1552) showed that applications of muriste of potash
decreased tho aphid population. Afccording to Spencsr (1933)
potzesaum decreased susceptibility to virus dimesses at levels
that incressed growth. Bawden and Knsssnis (1948) founa that potask
had little effect on resist.nce to tobacco mosaic virus. Bryce
(1921) hzs statsd thet "Bunchy Top” disesase in Borin Islonds was
definitely ascribed to deficiency of potash in the moil und appli-
cation o1 potaah manures grestly reduced the incidence of the
disonoe.

The Linding of Brun (1954%) confirmed the concluslon that blue
disgase of baneana is due to an unbal nced potassivaemignesium ratic.
Henizon has been mude in the annusl report of Geameroons! Development

Gorporation {1957) that orown diuense and jitile leafl disesse of
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o1l palms wore noticed when potaceium wae alone spplied but this
wae countor bslanced by the adﬁitinn;ﬁf aﬁgneaiﬁg‘(a.ﬁ.ﬁ. 1958}«
Hair (1961) #a@a&%&dltka& manﬁéaﬁg of,rab&er‘sqvezely.azfﬁegeﬁ
fﬁy di.haa&; with high doenge of yﬁtaéa alang'wit& niﬁr@gaﬁ aupgre#nf"v
Eéd the d&aaaﬁe and inereasnd the y&sld of ﬂuﬁbsﬁ. . |
Vi euluigg ,
@alﬁium is an .auential alﬁﬂaat in plant tissues and & dofie
aiancy of @hia ion aaon ﬂi&ruptn ‘the aee&an&s@,qf utiliaatian of
32 other natrient &ana- A inrge ﬁ&tt ﬁf the aalaium in most planca.
3a'greseaﬁ»in leavne. Zm contpast to gh@agherus ana yotnth, oldey
leaves kava aur& caleiam than yaunger 1eavaa, aa auch cf the caﬁeiu@
ﬁs»pmrnancntlytfiﬁea in the cell walls gs Cslecium=pectic components )
of the miéﬁle iamglia. »
The data greﬁentoa in Tables ﬁ.ana ¢ § ak@w that the z0ils zram
aiton of healthy plants in both laterdte and sundy avess showed
@ higher centant of totel aalaium“ana txchauseahla ealaiua‘  Houws
ever the difference is not axgnifieant in 1&&9@1&@ soils of Brnakue
1se District snd candy soils of both mm:.m and Quilon Distriots
at 0% fo 12" depthe Fhe mean values af tp%gz calcium and exchange=
able éﬁiaiﬂm'ﬁar all the diatricts taken together are higher in
henlthy aveas,
The reau&%z sbtained in the pressat staay iz in conleoramity
'ﬁith the resuite reported by Pandalei gt al (x%&ﬁ} in reaycet of
root (wilt) ﬁiﬁ:&ae of coconuts. They reported that the total
calofum and exchangesble cmloium were lower in disensed areas

compared to healthy areas,
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vii. Mzgnesium
The present siudy revealed (Teble LIl and X1II) thet eoila

from cvhe sites of healthy plants are hirher in todal and sachange-
&ble magnesium compared to dissased areas. The surface soils of
healthy arcas ars found to contain eignificantly higher content
of total mmgnesium. uith regard to exchangeable magnesaum,
significant higher values are ason in laterite soils of Bronskulam
Distriect at OV to 42" depth and sandy soils of both Disiricts at
12" to 36%. Tge w~ean valnes for sxchangeable maguegiuz for all
the Districta taken together were aleo sigmificantly higher in
nexlthy aveas at 12" fo 36" depthe

Hale (1947) attributed chlorosis and bronzing of 031X palas
in certain locaiities of Weot Africa to the combined effect of
potassium and segnesiuvm. The taperang disesse of coconuts has
besn aitributed by Cocke (1950) to & possibly localised magnesiuz
deficiescy., Pondalai et a) (1958) have reported that magunesium
content of the €pil tends %o show that total or exchangoabie
sagnesius bhes little bsaring on the disezzed conditions of
coconut palme altnough & major symptom of the root diseased
trees ig the chlorosis of the leavas. They found that total and
exchangeable magnesivi content of laterite soils from healthy
areas were greater, tis gosation beling reverse an the case of
sandy soils.

Mariakulandsi and dohn Durairaj (1958} have reported higher
magnesiun content asuwociated with healthy conditions of trees
pased on their study of orange decline., BOrus sad Chempion {(1954)

have reportad that blue disease of havanass in Freuch Guinea
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is assccraled with ssgnesium deficliency and demonstrated the
effectiveness of magnesium in any form, but chiefly se dolomite.
They have ailso indicated the importance of combining magnosiun

with potassiuve fertilisers.

Hutrient conltent of leaves

Leaf wamples collected from the healthy and diseaged plents
were analysed for aitrogen, phesphoric scid, potssh, calcium and
magnesivm. %The results are presented ln tables XIV to XiX.

i. Bitroges

Comparative leaf mnalysis (table X1V} indicated tamt the
discased leaves coutained more niirogen in both sail types. %The
diseamed leaf ammples from asandy ares and laterite area contained
2ok to © porcent and 3.6 to 6.7 porcent more nitrogon than the
lzaves from healihy plarnts of the respective arcas. Tae hijher
centent of aitrogen in the disensed saaples is statisiically
significant in all cases except for the sandy soils of Ernskulam
Metrict. Tae resultc are similar to the findings of Verghese
(1961) who hus reported greater amount of nitrogen, to the
extent of 5 to 13 percent, unifor=ly in all 20il itypes of Kerala
State subjected to the incidence of the root wili disease of
coconut.

ii. Phosphoric scid

Tue data presented in table XX show higner concentrstion of
phoesphoric acid in the diceased leaf semplez collected from
sandy and latersde spilas. Ine differsnce in phusphoric cid

cuntent between disessed asnd uealthy samples ig slgnificant.
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The diseased l@&f sasples ahnwod Be6 to 16.1 percent move ?ﬁﬁﬁt
§h&?lﬁ aeiﬂ t%an the healthy naagle&.

- Vérghese {19&13 reyartsﬁ nighey eanﬁ&a@ of ghaﬁgheric acid
in the diseased leaf ssmples in relation o the roob €w&&t}s
diseace éf ea&éau%a and the iﬁdr@ésa S@?ar%eﬁ was O %@’iﬁvgarn
.ﬁenﬁ'ﬁééﬁ ﬁh& @é§§4¢¢aﬁﬁﬁﬁtiﬁ gbe henlthy agagggay
138, Potash |
: Tho preaaﬂt atﬁéy rwvs&leﬁ (table AVI) that ther& ica
.ﬁiv ar cmn@e&tr&ﬁa&n of ?ﬁt&&h 1& tﬁe diaeaﬁsﬁ &&aﬁ gangles ae
cﬁmpareﬁ t@ aaalﬁhy samplea fram sandg and latevite ﬁ@ila of ﬁath
~Quw3@a a&@ Ernakazam ﬁiﬁtrzctﬁ and the ﬁi@keglvalue@.ara,aﬁaﬁin,
&ﬁica&iyfaigaiﬁicahtm The ﬁaé@eﬁt&ée inerease w&ggeﬁ-fg&g,aﬁ te
35 peroent iﬁ aaagleaA@gaé sand§r$§ilafané.f?sm.9 to 21 @éré&n@
ia latarite &aila.

”imi&ar atuﬁi@a hy ?axgaaae {1§613 on poot (@ilﬁ) @iaaaae wft
eaeaﬁut ahaaaﬁ ﬁmgﬁer valuaa f@r patasn from 7 to 48 persentd in f
diseased leafﬁﬁgmplaﬁ. ﬁaniakulanéai ﬁﬁd John 33&&&9&3 {1958}
répar@@&‘aig$ar eqnﬁe&b of pae&ﬂs&um in §i$easaﬁlaamplés, shich
inarea&eﬁ‘iﬁ‘iﬁaééas&ng grder of ﬁate%iara;i&ﬁ, £a the a&éevef
aranga'éeéliha.
ive ﬁiﬁié | - '

Liﬁa canﬁ&nﬁ of nealihy lﬁaf Eaﬁplﬁ& was f@una to be
aignifieaat&y higher tﬁaﬁ ln %h@ ﬁ.saaaeﬁ samwi@s in sandy and
laterite areaa‘{%ahla K@XI}. The dncresse in heslthy aamgl&&
ranges from 1@ o &0 pe?&eﬁt in ﬁaaﬁy soils snd from 9 to 17

garcen@ in laterite soils.



ve Magnesium
The dstn preseuted in table XVIIX showx a hizher content of

nagnesiun in healdhy leaf sazplas as compsred to disessed samples,
und the diffarence fs significant. The incrense in magnenis
content rsogee from 7.7 to 13 percent in sandy soile and § to

13 pergent in laterite soilae.

Verghese at al (196%) reported that the values of caloium
and regnesium ware nei consiefent in the case of diceased and
healthy leef seaples of cocoput. Mariakulandsi and Joba Suraira)
{19587 found that liwe and megnesium content of leaves percepte
ibily decressed with the increase in tae deterlorsilon of arange
treas.

The phenomens of ascumulation of nutriente in the leaf saue
ples of disessed plants mey be due to dnadeguate translocaticn
or Jue t¢ iwpairad pbhysiclogicsl functioning. Incrsased roes
piration sariy in infection apd alleration of She permectllity
of cytoplasm rasulting in elow dlffusion of acluble substances
have been roported as a result of virus infection. Ineressed
engyme aotivity hae also been reported iz many coses. Hawden
{1935} otated that the ncoretic synploms produced by nany
viruses have profound offect on the =mstaboliaem of theur noat
collm.
vis Lelcium plus Macnesiuva/fotsssiur ratic

From table XIX Lt can be meen thatl thers is signifivent
reduction in the ealcium plas waguesius/potesaium ratie of

-.dhecesed loal sampiles compared Lo fhal of healihy lesf samples.

Similar resulte wers also recorded by Fariakalandsi and
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B&hn-ﬁaraira3’(19§$)~in reapect af'éxanga'ﬁaeliﬂé.‘

Sugearicing the results of soil anéllaafﬂaa&&ysia, the

;feil@wing‘yic&ufe emerges. In the case éf éitragen, the aéils of
é&aaasad areas ag well as the dissased 1eaf ﬁamgles awntalﬁ
':gfaatar'gragartian of this cansﬁitaent than an he&lﬁhy areas aﬁﬁ ‘
nealtﬁy_laaﬁas. In the case of p&aagpgr&a acid, tﬂa szme goneral .
Maitnaiiaa ﬁalﬁa, with a higher content of Péag both in the s@il§'
of diceascd areaﬁ as well 28 in the @iﬂa&&&ﬁ 1eaf sam@z@a, -with
regerd to poimsi, the soils of healthy arcas comtain more of this
can&%@tﬁen& than iﬂAﬁ&séaag@ &raés, and thexre i@ ﬁﬂnaiéerahie
asgounplation in tha dié@aws& 1&af ﬁ&mylea' ‘ | |

~ An entivrely &iffesant 8Lt a&t&an hﬁlﬁﬁ %ﬁﬁ respect to aaiﬁiﬂm<
and magaaaium. in the case af agils of haulthy rogions, baahvcéa-
at&tuaat@ are aacn to ba aigaificaﬁtzy bigher then in seils of
3&@0&6@@ arentts @h@ bhealthy leaves alse contain aignifieantly
Bigher quantities of the two elemsnta compared to disessed leaf
ﬂamﬁlass »

These Géta point to several &mtgreati&gigaag&hilﬁties¢ 1t is
to be ayﬁraciatpﬁ %hg% the total conbents of ﬁiﬁé@g@n; yhaspherié‘
acid and potash in the soils %ﬁuﬁi&d'&re by no means at @ level |
to be eanai&aw&d high in relation %o the f&rb&liﬁy statua. These

low total lavala ara incapable of can%wibutiaﬁ any injury ﬁna ta »
”axcasm“ ané.ta atﬁr&bwﬁe any relation between tha quanaitiea

of these ela&an%& in the soils ﬁ%m&ie& ‘and the inex&anes @f tie
diseane, will be. uﬁw&t@&&%&ﬂ‘ an&vcr. it is v&xy-clear~ﬁhak with
the iﬁenésnca af the Ainease, the tranaiaaahian of nﬁtragea, phosphorie |

. &oid and patash fram tha leaves &a ﬁeverly afﬁeatea, gossxbly ane
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to the physiolegical disturbance occurring as o recult of the viras
infection. I% is aleo interesting to pobte that potassium scoutulas
tion occurs an the disensed leaves to a much greoter extent than
aitrogen and phesphorie acid, indacwting that vhis element plays
an iaportant role, elther before, during or after the inoidence
of the dasense. ®

By far the uost siguificant observation from the s0il and leaf
analysie data, is the unique role of csicium aad magnesium. These
constituents are invariably higher in the soila of healthy arcas
and ipvardably lewer in the diceased tisoues. No accunulation of
these elemenis occurs in the diseaged leavee, in striking contrast
to ihe sitwatlon regerding nitrogen, phosphorie acid and poteshe.
1% a3 thercfore clear that either immediately before the incidencs
of the disease or during anfcetaon, a drastic change has oceurrved
in the sboorpiion and trenslocation of calelum and magnesius in
the plant. The exact perloed at which the disturbance oteurs resulte-
ing im lower absorption or trapslocution of these tsc elements needs
furthep investigation. Tne resulte clearly indicale that celclium
«nd magnesium smay hold anterestang clue to a prevention of infection,
and that the caloiun + magne.ium/iotessiun ratio in the leaves may
provide & measure of the susceptibility of bananans to the xncidence
of the Adlsease. Thiu is further brought out by the resultes of ex-
perisente ohere the dimease was reproduced in healthy bansnss nd
the signafie-nt dafference in the timeelag observed in cslcium
and megnesium tikials as compared to other treutments, betveen the
date 0f relesss of apuilds and the apuserunce of Iuirst symptoms

{Biccussed latler).
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Exgeriméntal"cbservatiéﬁa

. The aphids for ‘the ‘tranemission of the virn& diaeaae were
: 'raleaaed in leai sheath 55 daya nfter glanting ﬁhe banara auckeru.'

’Th& gronth charactera el the ylants enah as haight, nuzber of

. leaves and langth ‘and width af &@a?&a EL3 ) mameured at weekzy
f'iatervalm. The growth aaaauromeats !cr 26 weekﬁ are presentcd
in table XXVI'and=KXVE€a).“ It ahaua-yrogreaaive iacrpaﬁp in growth
characters in>&111€reatmentu ﬁilifthe-Eyaﬁﬁémé‘ofldiqeake wcfﬁ
firsﬁ nntiéaﬂ. |

The datalpéesantea in ta%ldé XX end XZI peveal the growth
¢cndition of plants at thc ‘time of releana of aphids for tranw-'
miesion of the virus. 1t 15 sen from (table XX) ‘that there in
~no.signi£icant difference in‘the haisht.af @Ianta in‘trautngnta
B, and Dv  Similarly creatmaa,ta'%;,'a and € showed no éiénifiaant
" difference. ?reatmeut‘B‘:eceiQing HoPokw slone shomsd significant
 difference in height 0ver‘trea£mnaea'eiand'é; |
_ ?able,ﬁkt givaa-;ﬁeidata Qagxréiag“éhd aversge nuaber of
leaves &3 & growth ahnrneter at the btime of réléaéiﬁgltha‘nphidau
These data reveal that there i& no aigéificént ﬁiffer;nce in the
- number of leavag‘bétngan'%roatments G an&“D'bﬁt'iﬁeﬁ.ére,aigni-'
ficantly different from tre‘tﬁent& B aﬁﬁ‘ﬁ;' i
Thua‘taking the helight ét,plaﬁtﬁ‘énﬂ‘gﬁmbar of leaves proe

duced as gibwth=éhar&éter&, it‘can”ﬁa'ﬁeen_thA;_there'wae &o?e
.o;lxoaa unifbim grawthiin treatments B,G,D and £ at tﬁé‘gido.of
release ot‘ﬁhé‘aph&ds and compardd 5 ByGyeD and B the' growth in

ﬁtéhta&nt.ﬁ,was BOOD.
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?ha data pveacnued in Table xxxx show the time taken for the
uggcuranee of symgtena- It can be scen framxthia table thaﬁ
treatment B recoprded eariy sg&ptﬁms ie. 30 dﬁye after release of
,_;phiﬂs.; Qamgaraﬂ te treataonts B ana.ﬂ,‘théﬂe ia alight delayed
, aygoaranca of sysptons in ﬁreatmont A €io. c@nteol plnnﬁa). But
troatments B eud n ‘showed aueh more dolayod uppenrnnca of symploas
over to other 3 ereatuenta., ﬁtat&gzically, there is sigaiiicant
difference in the delay in appeatante of symptome in treatment
& over trestment A, 5 and C and ih‘aﬁpraiéﬁiﬁg signific#ncc over
trestment ﬂ;. Diffevence between treatment B, a, & and E is not
ho&evu# odgnificant.

 The ;gauxts.of work done at‘;ha Agricultursl College, Vellsyaui
on the tiae takgn'for'thc appeariﬁéo of symptome showed a yaﬁiod
af'ﬁﬁ to 45 daye {F@cgrésa report @f schone df research on "'Bunchy
Top" disesss of banenes in Kerala State, 195&»5?),‘ The result ofl

the present study ie glso in agrcaaent with this. |

The plants undcr treatment D and £ were re vigorous as the.
plants under ﬁreaﬁm&nt A and G, tuking hedght af plants ond aﬂmbcr
of leaves as growth charactere (Tables XX and XXIl. Ereakuuuﬁa b

ond & %or@ aupplied with megnesius. There im delay 3in the ayﬁcarah-
ce of symptoas in both these efé&&menta. Treatnent E glives oi
ficant delay over treatasnt &, ¢ ard B and is approaching cigalii~ -
canco over B{ Thus megnesium alone or ia combination with calcium
gﬁge&rinto have induced delay in the aﬁgcarancn of ayaptomé. (in _
two ceases of the replications nn&er EZ, the pymptoms actually appears=

ed 76 and 77 deys after the release of aphids).
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Symptons

The dats presented in table IXIII ¢ive the growth meaouroment
of plants at the time of appearance of symptome and at the final
cboepvation. The firast symptom noticed was the development of
shlorctic etreaks snd dots on the leaf petiols, leaf blade and
midrib. Premature unfurling of heart leaf ,uprizht position of
leaves, curling of leaf margins, splitting of leaf blades, and
britile nature of leaves were the other symptoms noticed. The
subsequent leaves produced woere reduced in size, both in lenpth
and width. The rate of growth wae aleo vetarded. The petioles
or the leal stalks of succoeding leaves failed tc eaerge and the
cluster of lasaves gave 3 rosette appearsnce. The average growth
reacurenents at the f{inal observaiion showed reduction in growth
and laaf size,
Uptake of calezum

Table ZXIV gives the dota regarding tiie uptake of caloium by
the plants under the differeni treatments 4, By €, D and E. Treat~
rents E aud € recolving caleium plus magnesium, and calcium alone
showed increased uptake of calcium as compared to tresatzent B, D
and A and the difference in uptake io significant. The diilerence
between treatsents % and ¢ is also significent. fHowever there ix
no significent difference tetween 3 and i D and &
Upteie of smgmesium

The present studry revealed {Zable AXV) toat the uptace of
magnesiun an treatmente P and £ is significantly higher than in
traatwents G, B and 4. But the d&ifference in uptake of magnesium

vetween & and P is not siznificant.
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The uptake of magﬂﬂaiun in treatment E is less compared to
treatment D aind this ®sy ke due to the high level of calcium in
' treatient & M@erﬂiﬂg to. Fusesl (1950 a high level of caleium
d’§”°°5°5 the uptake of potassium and magnesium (calciumpma@neaium.
‘antagcniam).,

Ai:Tp.agbpv? reagits indic&tg the poséibility 5fvan'important
ielatioﬁship ﬁxiating'ietican the calcium and a&g@eaiumigtéiua'&f
the éo&lé'in which 5anaaaa(areggraﬁn'aﬁd the proneness o saacaptiQ
bility 6fAtha plants to incidence of "Bunchy Top" 6&63&&&. The
caloiumd and magnesium treated planta hava withaznga the attack of
the virun for a euuaiﬁerably longer geriad than the plants in the
other troatmnnta. That' this is not 8 ‘chance factor ia indicated
by the tact that thg appesrance of syuptona in these plaata IR
.ﬁelayed by es much a8 76 and 7?7 days in two casas. comnared 1o
20 deys in the.n.ﬁ.ﬁ,~treated plagts. ?ﬁe over~al~ a;tferan¢c in
| the éaiéy iuvappaaranca:ef the aymptoms ig the two treatments
(th##-ia ﬁ and E) s nlso highly significant.

| The soil and leaf analytical aﬁté’repaxted;earlier,.ghnn -

that the a&&lﬂ of healthy arers contala much higher Qudﬁﬁitiea of.
calciu& and magueaium than the disensed ar&&a‘aﬁa thaﬁ the healthy
leaVaa ccaﬁain.mata of these two constitusnts than diaaa:nﬂ leaves.
This- fact along wi&h the carrclation ohaerveﬁ batdeen thﬁ caleiume

gneaiun treatments and the delay in the appoarance of ane aympe
sona would 1ndieate that these two elements are vital iﬁ auny
attgmpt to control ¢r,regulate the incidence of the "5un¢ny Pop¥
'ﬂiée@et‘ & possibility ic indicated of a proper proportion of

‘calcium snd magnesium in the soil beleg able to creats conditions



of resistance in the plant, and psrhaps a sufficiently long
period of resistance, randerisz the virus lneffective up to ithe
time of emergence of the bunch, If this can be achicved, i would

bo an important step towarde the solution of this problem.



SUMMARY AND CONCLUSIUNS

Banana plays a very decisive role in the econcmy of the

country. This 15 more so in the case of Kerala whach cemmends the

largest acreage under this crop. Such an economic crop 28
threatened with annihilation by tune deadly d.sease "Bunchy Top"
and the modesi estamate of tne annuel less 10 caleuloted to be
about 5ix crores ol rupees.

An ablenpt bas been made in the present inveastigataon %o
find out how far the chenlcal characterisiies of the soil act as
a predisposing factor im the incidence of the diseamse. & survey
of the disease an Kerala Staste revealed tasil the disease was more
severe in water logged areas and localities whers banana cultie
vation wsas carried on continuously for long nunber of years.
Duraing the survey, repvecentatlve arcas were selected for soal
and plant material study. Soxl samples were collected from the
base of healthy and infected plante, representing the soll types
of the region, and analysed for nitrogen, phospaorae acld, potash,
¢alerum and magnesium. Soil reaction and organic carbon were also
determined. Leaf samples collecled from kealthy as well as
diseased plants were analysed for natrogen, phoesphoric acid,
potash, calcium and magnesius.

1n addition to ihe study of sorls and plani nmaterials referred
to, an experiamendt was conducted for tne eluerdation of the
snfluence of calcium anrd magnesium singly, and in combanation,
on the rncadence of the disezce.

pasease free suckers were planted in the pots and after the



88

suckers had established, the insect vegtor previcusly fed on
diseased plants waa ziven free access to the plaots in the pote
for the transsission of the virus.

Horphologleoal ckmervations like height of plants, runber of
leavas and length and width of loaves were made periodically and
correlated with the time of exhibition of characteristic disease
syaptons,

Leal sanmples were collectcd from the plunts and snalysed for
the uptake of calcium end magnesium in order to find out whether
there 18 any characteristic variation in the upteke of these
nutraents,

The anslysic of aoils in general showed that the solle of
infected regions are more acidic, higher in organic matter, bigher
in nitrogen and avallable phosphoxric acid, but lower in cotul
potash, and calcium, and very low in cagnesium.

The leaf analysis of healthy und disessed plants rsvealed a
comparatively hilgh smouut o: nitrogen, phosphoric acid and appres~
ciably high content of potush in the infected leaven.

The plant expsriscntc have reveslsd that the sprlacation of
lire 4in combination with H.P.K. bas Little effect on tus incidence
of the dicease .8 measured by the delay in infection, whale ange
oesiug alene or in combimatzon with calcium exerts an appre¢lable
influence on tue incidence of the dimoase by delaying the appeal=
ance of syuptomt.

Conclusions

ittt A~y

1. Hicher acidity of the soll "y be & factor iavouring the
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invidence of the diceame.
2e Organic mutter and nitrogen content of the soils from sites
of diseased planta are hlgher.
3¢ Total phosphoric acid is highey in the healtby areas of
laterite soils, but lowsy in sendy spils.
b, Available phosphoric soid contents of soils of dimcased
arcas are apprecisbly higher than those of healthy areas.
5. There im an apprecisbly higher concentration of available
and lotal potaselum in healthy ureas as compared to dinessed aread.
6., The total and exchanzeable caloius content of m0ils in
healthy arecs are higher,

7 Healihy ateas contain higher smounts of total magnesiume
This is significent in the case of suriace soile of all the types
studied,

8. E©xchangeadle magnenium s found %o be appreciably higharby/
i healcthy areas.

9. There is & highey coucentration of nitrogen, phospborisu
acld and potash in diseased leoaf samples.

16. Healthy leoef smmples on the other hand have a higher .
content of calciua wnd megnesium.

11. The caloium plus wagnesium/potassius ratio is lower in
disensed leaf samplen compared to healthy loaf wamples.

12, Caleiun alone does not appear So have any infiuence on

disexso resistance or delayed appearance of sympions.

15. %agnesium alone or in combination with ealeium hag rew

narkable effact in delayiong the apgearance of diseanse symptoas
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and pives a groater capacily Lo the plants to resict snfectiofn.
Codpare.dto N.P.XK. aloue, the calciun asagnesius combluation bas
gelayod infoction by a sugnificant period of 25 duys. 1In teo of
the peplicataons, infection was dsleyed by 46 and 47 doys.

The increased uptske of calcium and maguesium by Lbe
resistant plonts suprort the abowve view. Further work in this
llae s pecoscary to confire these findin,e and Lo detepaine ihe
correct dose end proportion of calelum Yo magneslum to effeet a
delay in the onazed or eves complete arrest of the dieccase. 7The

saecaal role of potassium bas alse to be Iurther investigzeted.
N
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APTERDIX

I

(\HALYSES LF VaBIARLE)

PLASR HEIGLT OF TBL PuY¥ OF RELBASL OF 4PRIDS

Seuree Sede BeFo Wordsnce ' Inference
Total 5043.;? 29 - - -
Blocks 261,37 5 856,27  6.63
Troataente 1385.47 4 386.37  5.03 F{4,20) 2.57
Bhgniiiecant
Brror 1376413 20 63,81

arPENBIE 11

aRaB¥SIa U GaRIAKCE)

BO, OF LEAVES O 1LE DAY »F RhlLoaSy OF APRIDE

Jouree Befs B.F. Variance ¥ Iuference
Tatal 25,97 2% - -
Hlocks Be37 C.67% Tel
Treailmenbs 10.17 22543 bty #{h,20) 2.87
Swpnidficant
Brvor M.k3 26 0.5715 -




sPPONDIX 11X

(ARALESIS OF VARIANCL)

TING TARLE FOR &Py PARGRUE OF SYMPIOLE AFRLR BELLASL. OF APHIDS

Source Ze8e DeFe Varianse E, Inference
Total 5936.0 29 - - -
Blocks 13950.2 5 270,04 2. 38
Treatmente 2315-5 ‘h’ 57801’ 5-&9 F(‘#,EO) 2.87
Significant
Error 227243 ac 11362
APPEMDIX IV
{afTaL¥8Is OF VARIARCGE)
UPTAKE OF CALCIU: BY PLANTS
Source 5.8, DeF. VYariance B, Inference
Tobtal Te 33‘4’&6 29 - - - \%
Blocks 0.2027% 5 0.,080558 4,06
Treatmonta 0,93181 4 0.83295 23.00 P(4,20) 2.87
Siguiilcant
Lrrox 0.19966 20 0009383




APPENDIR ¥
{ANALTBIS OF VARIAHOD)

UPTAEE OF MaSWISIU BY DLANTS

Source H48. Dl Vardance Fe Inferencs

Blocks 0,0789 5 D015 2.67

Trentimente 3. 3483 4 0,0872 147 1{5,20) 2.87
Significant

Bproy 0.11%8 a0 0.0059 - -

APPRNDIZ VI

TIHD TaKEn JTOR APEFBARNCE OF SINPIONS AFILR RELD.EE OF PHIDS

TREATHENTS

Replacations 4 B ¢ 2] B
I a7 42 28 78 %6
il 37 27 37 k2 77
113 37 28 zy 8 42
v 35 a7 31 k-] 44
¥ 36 a3 k3 27 37
VI 3% 28 az 37 ha

¥eoan §£P¢S§ SG.QO 30 016 bz, 6? 53




APPENDIX VII

0. OF LESVES ON THE DAY OF RELSASh JF ADHIDS

TREATHENTS
REPLLCALILHS A B ¢ ] E
1 ? 8 9 9 &
k¥ ¢ 8 7 9 9 10
III 6 8 8 8 9
Iv 8 ? 8 7 9
v 8 7 9 & g
Vi ' 7 8 9 7
Mesn 7.33 Fe 33 8-53 8.}5 8.6?
APPERDIX VITI
PLANT HRIGAT ON GHD DAY OF RELDABE OF ~¥HIBS
TREATHENTS
Replications A B e B B
I 77 115 95 102 118
i 7% 96 77 9b 86
111 68 107 78 8l 89
v 90 100 26 63 &9
v 77 76 87 78 ob
¥i it ax &b 76 70
¥ean 7607 95.8 81.3 91wg 9508




APPENDIL IX

CALGIUM UPTAKEL BY PLANT.

TREATHINTS

Replications A B [+ b b5
I 1.064 1.400 1,736 1.232 1.792
IX l.232 1.176 1,400 1.064% L.628
111 1.220 1.34%% 1.512 1.4%6 1,568
v 1.120 1.176 1354 1.288 1.625
v 1,064 1.120 1.288 1.064 l.512
vl 1,008 l.232 143544 1.176 1.456
Mean 1.101 1l.248) 1437 1.213 1.5%6

APPLEDIX %

HAGNESLIUM UPTAKE BY PL-HIS

TREATNERTS

Replicaticns 4 B ¢ o B
I 0536  0.3672 0. 4392 0.5616 0. 7304
11 0. 3528 0332 0.4176 0.7920 Ceo976
11 0.2736 043528 0, 4608 U.6264 0.5184
Iv 0.3816 0.2952 0.3960 047560 05472
v 0.3024 0.3744 043528 04176 0.4680
vi 0.3168 043244 03600 04680 0o 5040

Hean e 3468 0.3%5287 0, 4044 0.60365 0.5616
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NUTRIENT STATUS OF SANDY SOIL5 FROM HEALTHY AND DISEASED AREASé: 12" DEPT
(MEAN OF ALL DISTRICTS COMBINED)
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NUTRIENT STATUS OF LATERITE SOIIZFROM HEALTHY AND DISEASED AREAS(C-12" DI P

(MEAN OF ALL DISTRICTS COMBINED)
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ANALYTICAL DATA OF HEALTHY AND DISEASED LEAF SAMPLES
(MEAN OF ALL DISTRICTS COMBINED)
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PERCENTAGE UPTAKE OF CALCIUM AND MAGNESIUM BY PLANTS
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HEIGHT IN C ms
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GROWTH CURVES OF PLANTS UNDER DIFFERENT TREATMENTS
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HEALTHY BANANA PLANTS - GENERAL VIEW
(Before transmission of virus)




HEALTHY BANANA PLANTS

(Under drfferent treatments)
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DISEASED BANANA PLART
(Treatment A)




DISEABED BANARA PLANT
(Treatment C)

DISEASED BARANA PLANT
{mastuant D)




DISEASED BANANA PLANT
(Treatment E)




A HEALTHY BANANA PLANT UNDER TREATMENT E
(Symptoms appeared 77 days after
transmission of virue)




