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B a n a n a  (M e g a  s u e o l o s ) e o a e i l i u t e a  mi i m p o r t a n t  g r o u p  o f  
f r u i t  c r o p ®  c u l t i v a t e s !  e x t e n s i v e l y  l a  t r o p i c a l  r e g i o n s  o f  t h #  
w o r l d .  flsa w o r l d  a c r e a g e  u n d e r  b a n a n a  i e  about 1 t o  1.5 s d l l i & a  . 
a c r e s . ' l a  l a d l e ,  b a n a n a  l a  c o n s i d e r e d  t ©  b e  © m e  o f  t h e , ® s © t  
i m p o r t a n t  f r u i t  c r o p s #  . I t  4 e  r e g a r d e d  m  a  f r u i t  o f  v a l u e  b o t h  
b p  t h e  r i c h  a n d  t h e  p o o r *  i t  © e c u p i o a  m o r e  l a n d  t h a n  a n y  o t h e r  

- f r u i t  ©reps- e x c e p t  s a n g © *  l i e  c u l t i v a t i o n  e x t e n d ©  o v e r  a n  a r e a  
o f  a b o u t  0 . 4  mxlliott a c r e ®  w h i c h  i s  a b o u t  o n e - f i f t h  o f  t h e  .total 
a c r e a g e ,  u a d e r  f r u i t s  i n  t h i s  c o u n t r y * . ■ ■

I n  r e c a n t  y e a r s ,  b a n a n a  & a ®  g a i n e d  m u c h  i m p o r t a n c e .  « & d  p o ­
p u l a r i t y  f r o m  t h e  f a c t  that- i t  i «  f o u n d  t o  h e  o n e  o f  t h e  m o s t  
v a l u a b l e  © r o p e  f o r  i m p l e m e n t i n g  t h e  d r i v e  f o r  i n c r e a s e d  f o o l  • 
p r o d u c t i o n .  V a l u e 1  mm a  f r u i t ,  v e g e t a b l e  a n d  p r o c e s s e d  p r o d u c t ,  
i t  p r o v i d e ©  a  s u p p l e m e n t a r y  f o o d  f o r  m i l l i o n #  o f  p e o p l e ,  l a  a  
d e n s e l y  p o p u l a t e d  c o u n t r y  l i k e  I n d i a , w h e r e  t h e  p o p u l a t i o n  l a  
i n c r e a s i n g  a t  a  r a p i d  r a t e  a n d  w h e r e  s u f  t a b l e  l a n d  i s  H a l t e d  
f o r  e x t e n s i o n  o f  c u l t i v a t i o n ,  hmnmm w i l l  a e & e  p e r h a p s  o n e  o f  
. t h e  e a s i e s t  © r a p s  f o r  i n t e n s i v e  e x p l o i t a t i o n .  O f  l a t e ,  a s  
a t t e m p t  i s  a l s o  b e i n g  a a d e  t o  e x p o r t  b a n a n a  t o  o t h e r  c o u n t r i e a  
t o  e a r n  t h e  h a r t  - n e e d e d  f o r e i g n  e x c h a n g e .

B a n a n a  c u l t i v a t i o n  i n  m a n y .c o u n t r i e s  o f  t h e  w o r l d - i s -  t h r e ­
a t e n e d  w i t h ,  a n d  a f f e c t e d  b y ,  a  h e r i o u s  d i s e a s e  # Sti»©isy f o p ” , 
f h e  d i s e a s e  i s  s o  d i s a s t r o u s  t h a t  i t  h a s  p r a c t i c a l l y  w i p e d  o u t  
t h e  brnmm i n d u s t r y  in  m a n y  c e n t r e ®  i n  l e w  s o u t h  w a l e ©  -and
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Queensland in Australia. Indie Aa r.o exception and la eiao 
facleg serioae destruction ©£ tfaa crop fro® thin disease.

Kerala, Hridrae, todbra Prafieeh, Sonbey, Kyacre, iaeast, neat 
Bengal m d  Slitmv arc tae chief banana producing centred of India. 
Kerala tops the list with an annual acro*ije of 100*000 acres sad 
an annual production of 65*000 tone. It io ia Kerala that the 
largest naaber of varieties are cultivated* the chief ossong the* 
being Poovan* Kendras, Pala^sttthodws, Kanthan, Kadali, end 
Baeahadali (Kuan epcclea).

Of all the diseases of (sanaaa, the ®ast destructive is the
"Bunchy Sop", t h e  Incidence of this disease was reported fros
Orissa, todhrn iradeah, Bombay, Sihar and bsma as early as 19hG.
in Kerala Sfcat® also the disease first appeared la 19MJ. It has
non spread tnroughout Ihe State and has devastated the industry,
causing neavy loss to the grower®. £he annual financial lose at

\
a nodent estimate is calculated to be of the order of Pe. six 
crores. Capoor (1950) has reported that toe disease which 
covered an area of 900 square silos in central Trevancore around 
Kofctaya's in 19h6 had by 1950 covered an area of 5000 square miles.

Is Kerala, the sajority of the cultivated Varieties have been 
found susceptible to toe disease, fne Boat widely cultivated 
varieties sanely Palsyanthodan and Koctdrsa are highly susceptible. 
Gtner varieties like Kadall, Seypoovun, adtokakanen, Karin Kauali, 
Gnalipoovsn, Kuahieendran, PeyKanhan (Kua.a aaeoles) are alec 
susceptible to infection. Soi&e of the finest varieties of 
bananas grown in this State are facing extinction.
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"Bunchy Sop" disease being of virus origin as reported by 
various investigators, curative measures are considered difficult 
for the reason that the spread of infection is throughout the 
tissues of the affected plant. In Australia, where the disease 
was so destructive, eradication of the diseased plants is the 
only method practised to prevent Its spread. It was reported 
that in Travaaeore froa ljhj to 19b?, about 600,000 plants were 
destroyed in a vain attempt to prevent the spread of the disease. 
Breeding resistant varieties seems to be difficult because most 
of the edible varieties that have been tested as well as Beed 
bearing varieties, have been found to be susceptible to the 
disease.

Ho attempt has so far been made in thie country or else-
i

where to Investigate the nutritional status of the soils and to 
study whether the soil conditions act as a predisposing factor 
for the incidence of “Bunchy top" of banana* Such attempts have 
been made in respect of other crop diseases such os the root 
(wilt) dise&ee of coconut, and the standarin orange decline. 

Considering the economic importance of this crop to the 
State, the extent of damage caused by the disease, and heavy 
loss caused for the growers, the study of soil conditions as a 
predisposing factor in the incidence of the disease is worth 
intensive investigation,

la the present study, an attempt has been made to investi­
gate the nutritional status of the soil from diseased and healthy 
areas. Besides, leaf samples of diseased and healthy plants



were also analysed for their major plant nutrients.

There Is m  observation by oose growers tjiat the incidence 

of the disease 1® not severe in fields whore lime as applied. 
Based on this practical observation, an experiment was laid out 
to Btudy wliatner the autrxtxonal status of the soil, especially 
of ealciam sad magnesium, acts as a predisposing factor an tfte 
incidence of the disease, This, thesis embodies the observations 
and results of the experiment.

I*



n m i w  o s  h t T i M t n m

1. Disease occurrence and dlatrioution

Magee (1927) has reported that the incidence of "Bunchy Top" 
disease of banana was first observed in Fiji about the year 
1879, and that the banana industry was severely affected with 
the conconitent abandonment of many plantations. According to 
Fahey (192*0 the incidence of the disease in %ypt was observed 
as early as 1901 and had since been a limiting factor in banana 
production. Fetch (1913) and Bryce (1921) has reported the appea­
rance of "Bunchy lop" in Ceylon in the district of Colombo in 
1913* They have also reported that from Colombo, the disease had 
spread rapidly to other areas xn the country, causing heavy damage 
to banana plantation!::. The presence of the disease in Australia 
was reported about the same time by Darnel Smith (192h) and Magee 
(1927). Ihe introduction of this disease to Bow South n’ale® sas 
reported to be through infected 'suckers in the year 1913. The 
incidence of the disease has also been reported from Ellice Is­
lands by Campbell (1926), isllis Islands by Simonds (1933) end 
from Bonin Islands by Gadd (1926). A disease similar to "Bunchy 
Top" of bananas was reported on Manila hesp or Abaca (Musa texti- 
lis) in Phillipme Islands. Thus the disease has a wide geogra­
phical distribution.

In India, the disease was believed to have been introduced 
from Ceylon about the year 19*<0, into Trnvanoore end Cochin. The 
incidence of the disease haa now been reported from many States



6

namely Bombay, Andhra Pradesh, Cries and Assam. Bo systematic 
survey has been undertaken la this country to estimate tee extent 
of damage. According to Verghese (If65), the disease seems to 
have appeared in Travancore in the year lfhl. Unconfirmed 
occurrence of the disease has been reported from Calcutta by 
Hector (1925), from Cuttack by pa&ids (19*K5), from Sabour by 
Roy and Sharaa (1952) and from Assam by H&ndi (19hl). According 
to Ksuaat and fatel (1951) a report of survey showed an incidence 
of 25-70 percent in Khsuadish, 10-12 percent in Poona and 25-30 
percent in Surat.

The incidence of the disease was first reported in Kerala 
from the District of Kottayaa, from where it spread to othere 
areas in the State. She disease is now rampant in the Districts 
of Trichur and fCofctayoa. For a long time tae incidence of this 
disease was not reported fro® Madras and Mysore States. But 
recently the disease was noticed in Tanjore Bietriet of Madras 
and south Kernsra District of Mysore.

' Ko report on the Incidence of the disease is seen from the 
important banana growing countries like west ladies. Central and 
South America, Canary Islands, part of Africa, Java, Sumatra, 
Burma, Siam, Zndo Chinn and Shinn. In India, the disease inci­
dence has not been reported from Btter Pradesh and Madhya Pradesh.
2. Csusfttiva Organism

Earliest investigators on "Bunchy top'* attributed various 
causes for the incidence of the disease. Knowles and Jepson 
(1912), the earliest investigators on Bunchy too la Fiji Islands, 
regarded the causative organism oe of fungus origin, loos and



f o a d e n  ( 1 9 0 3 )  e n d  F u b s y  ( 1 9 3 4 )  a t t r i b u t e d  t h e  © a l e d y  t o  n e g a t e d *  
a g e n c y *  B a r a e l  S m i t h  ( 1 9 3 4 )  d e s c r i b i n g  the. o c c u r r e n c e  c o d  asysgfc- 
0 * 6  o f  t h e  d t e a a a e  i n  A u s t r a l i a *  a t t r i b u t e d  i t  t o  f u n g a l  o r

tb a c t e r i a l  I n f e c t i o n  o f  t h e  r o o t *  o r  e o r m .  . In h i s  a t t e m p t  t o  
d e t e r m i n e  w h e t h e r '  t h e  b a n a n a ,  a p h i d  w a s  & v e c t o r  o f  t h e  d i s e a s e *  
n e g a t i v e  r e s u l t s  o n l y  w e r e  o b t a i n e d .  O o d d a r d  ( 1 9 3 9 )  r e p o r t e d  
t h a t  t h e  v e c t o r  r e s p o n s i b l e  f o r  t h e ’ t n a a s s i a a i o n  o f  t h e  - d i s e a s e  
v a n  t h e  b a n a n a  a p h i d *  P e n t a l o n i a  . n i g r o a e r v o o a  a n d  t h e  d i s e a s e  
w a s  o f  v i r u s  o r i g i n *  t h e  r e s u l t s  o f  e x p e r i a e a t e c o n d u c t a d  b y  
M a g « «  ( 1 9 2 ? )  c o n f i m e d  t h e  c a u s a t i v e  o r g a n i s m  a s  v i r u s  a n d  t h e  
v e c t o r  f o r  t h e  t r a s e a l s a i o n  o f  t h e ' d i s e a s e  a s  t h e  b a n a n a  a p h i d *  
P e n t a l o n i a  a l i a w n e r v o s f t *

f h e  e x p e r i m e n t s  c o n d u c t e d  i n  v a r i o u s  c o u n t r i e s  h a v e  s h o w n  
t h a t  t h e  v i r u s  i s  n o t  s a p - t r a n s m i s s i b l e *  M o n o s  ( 1 9 9 9 )  h a #  c o n -  
f i m a e d  t h i s *  B e i n g  s y s t e m i c  i n  'nature*' t h e  s p r e a d  o f  t h e  d i s e a s e  
w a s  f o u n t - t o  h e  p r l s e r i l y  through-' t h e  u s e  o f "  d i s e a s e d  s u c k e r s *
B a n e n e  a p h i d  .'was f o u n d '  t o  b e  r e s p o n s i b l e  f o r  c a u s i n g  s e c o n d a r y  - 
I n f e c t i o n *  ' I t  v a s s a l s ®  e s t a b l i s h e d  t h a t  s e c o n d a r y  i n f e c t i o n  c a n  
o c c u r  a t  a n y  s t a g e  o f  -'growth a n d  t h a t  w i n g e d '  a n d  w i n g l e s s  a d u l t -  - 
f e r n s  a n d  a y m g h e  w e r e  e f f i c i e n t  i n  v i r u s  t r a n s m i s s i o n *  ' -

f h e  s t u d i e s  c u r r i e d  b u t  b y  M a g e e  ( 1 9 4 0 )  o n  v i r u s - S e c f c o r  
r e l a t i o n s h i p  h a v e ' s h o w n  t h a t  a p h i d s  b e e n * *  i n f e c t i v e  a f t e r  f e e d i n g  
o n  d i s e a s e d  p l a n t s  f o r  a  s i n i a u s t  p e r i o d '  o f  1 ?  h o u r s  a n d  t h a t  t h e  
v i r u s  g e t s  t r a n s a l t i e d  b y  i n f e c t e d  a p h i d s  i n  o n e  .and «  h a l f  o r  s o r e  
h o u r s  o f  f e e d i n g  o n  s u s c e p t i b l e  p l a n t © .  t h e  v e c t o r *  p o a t a l o a l a  
n l g r o n e r w o s a  r e t a i n s  t h e  I n f e c t i v e  c a p a c i t y  f o r  a  p e r i o d  o f  1 5  
days a f t e r  r e m o v a l  f r o *  t h e  d i s e a s e d ,  p l a n t a *  S h e  i n c u b a t i o n  p e r i o d  -
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ranged from few  hours to 2 days. Aphids fa d  on diseased plant* 
for 3 day*, starved for 3 hours and relesaed on youngest leaves 
of healthy plants at 20 nuafcara on each plant, vara able to trana- 
slt the disease. The ayaptoaa appeared la 35 to <© day* (Progreso 
report Of the Scheme of Research ennBunchy Top” disease of Banana 
in Kerala State, 1956-57)*
3* Srmctoaa of the disease

The..pri*ary infected plants (diseased suckers) seldom (takes- 
normal growth but resaia etu&ted In growth (9" • 2b* in height) 
with a large number of narrow, corrugate-i lecvee, more erect than 
normal, wxth a roostte appearance* The leaves are carafe end 
brittle uad say sometimes fee store dark groan then normal with 
yellowish, upwardly .-rolled merging. Sark green dots are seen in 
the losinft, midrib and petiole. She infected plants make little 
growth after the first symptoms are noticed* She leaf stales 
(pet.xeT.es) tail to elongate* In advanced stage® of the disease, 
decayed appearance of the root system is also noticed* hunches 
are generally not produced in the primary infected plants*

Secondary infection imy occur at any stage in the growth of 
the plant, from its emergence to the stage of throwing out'the 
bunch* Those plants infected at the later stage of growth my 
produce a small hunch of stunted fruits.
V. Bxseaee resistance

Magee (1953) hen reported that all the species of Kuec, 
producing edible needless fruits, and all the fertile seed



b e a r i n g  s p e c i e s  e x a m i n e d  b y  h i m  w e r e  © t u s o e p t i b i a  t o  t h i n  d i s e a s e ,  
e v e n  t h o u g h  t h e  i n t e n s i t y  o f  a t t a c k  v a r i e d ,  C a v e n d i s h ,  (H u a a  ■ 
a g e e l o s )  a n  i m p o r t a n t  c o a a e r c i a i  v a r i e t y  mm r e p o r t e d  t o  'be . 
h i g h l y  s u s c e p t i b l e *  S c a t  d e g r e e  o f  r e s i s t a n c e  w a s  r e p o r t e d  l a  
Q r o a  H i e h e l  v a r i e t y  ( &itea, s p e c i e s ) free, t h e  f a i l u r e  t o  g e t  i n ­
f e c t i o n  b y  a t a a t f o r d  m e t h o d ©  o f  i n o c u l a t i o n ,  ffee d i s p l a y  o f  
r e s i s t a n c e  mm a u b s t a a t i a t s d  b y  f i e l d  o b s e r v a t i o n ©  i n  .fill « n d  
B o r a s ® » ■ A c c o r d i n g  t o  'Rags'* ( 1 9 ^ ) ,  t h e  f a c t o r  w h i c h  c o n t r i b u t e s  
t o  t h e  r e s i s t a n c e  j*ay b e  p h y s i o l o g i c a l *  I n  K e r a l a ,  w a d e r  n a t u r a l  
c o n d i t i o n s ,  m a t  o f  t i e  . v a r i e t i e s  w e r e  f o u n d  s u s c e p t i b l e  t o  t i e  
d i s e a s e ,
9 #  n u t r i t i o n a l  . e t a t e a  o f  s o i l s

t h e  g r o w t h  o f  p l a n t ©  1 ®  a o  p r o f o u n d l y ' i n f l u e n c e d  b y  s o i l  
c o n d i t i o n ®  t h a t  i t  c a n  s a f e l y  b e  a s a t s a e d  t h a t  t h e s e  a l s o  e x e r t  
a  p o w e r f u l  e f f e c t  o n  p l a n t  v i r u s  d i e e o e e ® ,  l o c k  o f  p l e a t  
n u t r i e n t s  i n  s u f f i c i e n t  q u a n t i t y  e n d  i n  c o r r e c t  p r o p o r t i o n  I s  
o n e  o f  t h e  s e v e r a l  ' f a c t o r s  t h a t  p r e d i s p o s e  p l a n t s  t o  i n f e c t i o n  
b y  f u n g i ,  b a c t e r i a , -  v i r u s e s -  a n d  n e m a t o d e s *  S e v e r a l  p l a n t  d i s ­
e a s e s  a r e  i n f l u e n c e d  s o  s e r i o u s l y  b y  s o i l  d e f i c i e n c i e s  t h a t  
m u c h  o f  t h e  d a m a g e  f r o m  t h e m  c a n  b e  a v o i d e d  by. s o i l  t r e a t m e n t *  
O u t s t a n d i n g '  e x a m p l e ©  a r e  w h e a t  r o o t r o t ,  s u g a r  b e e t  s e e d l i n g  
b l i g h t ,  f u s a r i u m  w i l t  o f  c o t t o n ,  c o s a o n  s c a b  o f  p o t a t o e s ,  a n d  
p o w d e r y  m i l d e w  e n d  r u s t  o f  c e r e a l s *

( a )  S o i l  c o n d i t i o n  i n  r e l a t i o n  t o  d i s e a s e s

P h y s i c a l  p r o p e r t i e s  o f  s o i l  such, a s  d r a i n a g e ,  w a t e r -  h o l d -
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lag capacity, erase of penetration by roots and retention of plant 

nutrients have much to do wita its suitability for many agri­

cultural usao to which it is put* According to Menon and Nair 

(195D» the root (wilt) disease of coconut was more severe and 

acute in areas with poor soil aeration such as water logged con­

dition* soils with poor soisture retentive capacity, a high water 

table, shallow soil depth, and poor drainage. They have also 

reported fcnat other diseases of coconuts hava a more or lose 

similar distribution* Sheppard (192?) as quoted by Menon and 

Pandalai (1958) was oi opinion that unhealshy appearance of 

coconut galas at Points aux Sables was due to eater logged con­

dition of tee soil m  some areas and to a deficiency of moisture 

in other parts. A similar observation was also made by Menon 

at al (1952) witn regard to root infection caused by 5* Solam.

H. Bataticola and Bacillus fcheo broaae on coconut seedlings.

They reported that wore® infections were noticed in low lying 

areas under badly drained condition or high water table within 

5 or 4 feot below the surface of the soil. Similarly Brens® 

leaf wilt oi coconut has been reported to occur in water logged 

conditions and unsatisfactory condition of water supply within 

the tissues of the pals. Park (1952), in giving an account of 

serious outbreak of a disease elssilar to Brenao leaf wilt in 

Trinidad, stated taat the condition »aa brought about by severe 

drought. Be haa also reported that the disease was worse on 
poorly cultivated land and on land which in wet weather becomes 

water logged and owaopy. Vergheso (19i&) ond Menon (1946-5**)
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duly (Progress report of the Scheme of Pesearch on "Bunchy fop" 
disease of bananas, 1956-57, Agriculture College, ?«llayani).
Sfhe general indications wort t&at w&afcfior tJnfiEi&ry %o 
May and heavy rains from dune to August seecad to adversely 
affect the aphid population and that the period of succulent 
growth of plants which ease after heavy rains was favourable to 
the®*

Sain et al (193b, 1937) in their studies to correlate soil 
factora with occurrence of Bronze leaf wilt of coconut, concluded 
that the physical conditions and allied aster relationships of 
soil sore of pries* concern* (Sanfcarasubramoney (195b) has 
carriea out similar worts with regard to root and leaf disease 
of coconut pals in Kerala and their results wore in general 
agreement with those of Bain*
(b> Soil reaction as related to dxaeaeos

Gardner (1995) stated that soil reaction in the neutral or 
slightly nikaline range is the most optinus for the growth of 
the sajority of crops* Productivity is considerably impaired 
when the soil is too acidic or too alkaline. Acid soils have 
been found to contain varying quantities of soluble alumina and 
manganese and these elements have been shown to be toxic to 
plants. Acidity means a deficiency oi available calcium and 
it is one of the causes for the depressed growth of s-*ny craps 
in acid soil®. Phosphorus availability IB also impaired in acid 
soils * according to Vergheoe (193b) an i Monon (19b6-5b), toe pH 
values wore lower ±n the diseased areas as ooapared with those
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o f  h e a l t h y  a r e n a  i n  r e s p e c t  © £  r o o t  ( w i l t )  d i s e a s e  o f  c o c o n u t .
!«*; pi' t s l u e s  a d v e r s e l y  a f f e c t  t h e  availability- © f  iwyor plant 
n u t r i e n t *  a n d  s i e r ®  n u t r i e n t ©  « h i e h  la- t u r n  affect t h e  g r o w t h  '©£ 
t h e  p l a n t *  A t  l e w  p H  v a l u e s  ©any %s l a n t  n u t r i e n t ©  a r e  n e b  l a  m  

a v a i l a b l e  f o r m *
(o). ■ M i n e r a l  n u t r i e n t s  o f  s o i l s  i n  r e l a t i o n  t o . d i s e a s e s

l a  ssatty d i s e a s e © *  -the i n f l u e n c e  o f  t h e  e n v i r o n a e n t  o r  © o i l  
c o n d i t i o n e  a n y  b o  o f  e q u a l  i m p o r t a n c e  l i k e  t h e  o r g a n i s t s  w h i c h  1 ®  
r e l a t e d  t o  the' d i s e a s e  c o n d i t i o n ,  S i s i l a r l y  t h e  I n t e r a c t i o n  o f  
s a a y  M s l t l t t g  ’ f a o t o r s  c o s e  1 s t ©  p l a y  l a  ■ t h e  c a u s e s  o f  p f e y B i o l o ­
g i c a l  ■ d i s o r d e r s .  ' © t e t h e r  o r  n o t  & <$&ma s ©  tm i n ©  t o  p a t h o l o g i c a l  
o r  p h y s i o l o g i c a l  c a n o e ® *  t h e  n o i l  c o a l i t i o n ®  s a y  f o r a *  t o  a  v e r y  
l a r g e  e x t e n t *  t h e  o r i e n t i n g  f a c t o r .  Adequate n u t r i t i o n ,  fmm. a - 
f a v o u r a b l e  r o o t  e n v i r o n m e n t  w o u l d  m a i n t a i n  t h e  p l a n t s  la a  h e a l t h y  
. s t a t e  w i t h ,  a  g r e a t e r  d e g r e e  © f - d i s e a s e  r e s i s t a n c e *

S e v e r a l  w e r l e m ,  h a v e  i n v e s t i g a t e d  t h e  n u t r i t i o n a l  s t a t u s  o f  
' c o l l  from-' h e a l t h y  a n d  d i s e a s e d  a n s a e  l a  r e s p e c t  o f  c e r t a i n  d i s e a s e s  
i n  o t h e r  w o p s * ' " 1- S a n k a r a  s u b r a m o n e y  (195*** 3 3  a n d  $ $ )  a n d  
P a n  d e l e !  jst o l  ( 1 9 5 8 *  33)" s t u d i e d  l a  d e t a i l ,  t h e  n u t r i e n t  s t a t u s  , 
o f  s o i l  l a  r e l a t i o n  t o  r o o t  (wilt)., d i s e a s e  o f  c o c o n u t s ,  t h e y  
h a v e  r e p o r t e d  t h a t  s o i l s  o f  d i s e a s e d  t r a c t s  h a v e  c o m p a r a t i v e l y  
- l o w e r  c o n t e n t ®  o f  c e r t a i n  n u t r i e n t s .  .. S a n k a r a  S u b r a a o a e y  ( 1 3 5 1*-) ' 
h a s  a l s o  s h o w n ,  t e a t  n u t r i e n t s  I l k ©  n i t r o g e n  p h o s p h o r u s 'a n d

JjFotassittia a c c u m u l a t e d  l a  t h e  l e a f  ■ t i s s u e s -  o f  ' t h e  d i s e a s e d  
c o c o n u t  - tslffls-* d o l l a r  w o r k  h a ®  a l s o  hern* c a r r i e d '  o u t  -by
l a r i e k u l a n i a t  s a d  d o t a  S u r a l r a j  ( 1 9 5 8 )  i n  t h e i r  s t u d y  o f  © a a d a r l n
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orange decline. Govinda Iyer (1955) la his studies on the Oeelin* 
of citrus in hyanad has reported that chemical analysis of soil 
revealed satisfactory contents of nitrogen, phosphorus and potash, 
hut their availability was limited because of low pH sad conse­
quent poor lime status. She literature on the relationship of 
diseases with major plant nutrients in soil is summarised below.

* "  KtoSfigg

as a constituent of protoplasm, nitrogen is an important plant 
nutrient intimately involved in the activity of every living cell. 
The excess or deficiency of nitrogen has very marked effects on 
plant growth. Insufficient nitrogen reduces yields drastically 
and also decreases the quality of the plant product. On the other 
hand an excess. of nitrogen results in a stimulation of vegetative 
growth which may result in delayed maturity, and in extreme case®, 
in a decrease in yields. Siae of cell‘3 is increased with a decr­
ease in cellwoll thickness, 's a result the tissues are sore 
susceptible to attack by disease organisms.

Janeses (1929) was one of the first to investigate the rela­
tion between plant nutrition and incidence of virus diseases.
He found that in respect of potato, tne better the plants were 
fad, the more likely they wore to become infected. Increasing 
nitrogen increased both the aphid population and the susceptibility 
of potato planto to infection by leafroll and 1-viruses.

Spencer (1935) concluded thet nitrogen specifically increas­
ed the susceptibility of tobacco plants to mosaic virus end increa­
sed its concentration in sap. Be further concluded that the virus 
from nitrogen deficient plants wan weight by weight less infective
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than virus fros plants supplied with abundant nitrogen.
Bricrley an>l Stuart (1996) found that increasing the nitrogen 

level for oniono increased both their euBeeplibiiity to Infection 
by yellow dwarf virus ana severity of symptoms produced.

Bobs and Coeorkero (19̂ 7) suggested that fertilisers increa­
sed virus infection by increasing pi »t susceptibility, -ind found 
no effect on aphid population. Sawdsn end Kaasanie (1990) have 
stated tnnt both nitrogen and phosphorus increased susceptibility 
to infection only when applied in amounts that increased growth, 
fhey further found that the effects of both nitrogen and phospho­
rus on virus production were correlated with their effect on plant 
growth. Combined supplements of both nutrients to tobacco plants, 
doubled the virus concentration in sap and increased the total 
virus per plant. According to them nitrogen alone increased 
neither growth nor virus concentration.

Broad bent ejs al <1952) concluded that the application of 
dung or sulphate of ammonia to potato crop in Britain increased 
the aphid population. They have also reported that application 
of dung increased the incidence of both leaf roll and 1-viruses, 
and sulphate of ammonia that of lest roll.

Broad bent (195̂ ) hea also reported that heavy nitrogen
dressing increased susceptibility of cauli flower to mosaic virus.

r&rdlaw (1933) in giving an account of "Bunchy Sop" disease
of bananas stated that field observations indicated that more
vigorous and rapidly growing plants are most susceptible to this 
disease. Mehbeth (193̂ ) a® quoted by Shorna (1939) ha® reported 
that addition of nitrogenous manure increased the Panama wilt
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Pritchett (1926) he* reported the result of ea experiment 
ia Philippines which showed that application of aoaoniuo sulphate 
to sugarcane affected by aoaaic virus disease has given an increa­
sed yield over the control plot and it would appear that applica­
tion of nitrogen aoaewhat aitigates the loss of weight which is 
a normal accompaniment of mosaic diseases.

Wilson (1955) has reported that increased nitrogen supply 
to infected potato plant with loaf roll virus greatly reduced the 
intensity of leaf symptoms at Rothanatead fexperisental Station.

S:,nk*rasubr«aoney (195*0 and Fsedalai <1958-59) in n study 
of rootwilt diceace of coconut, concluded that total nitrogen 
content of soils in the diseased area was higher in case of sandy 
and alluvial aoils while in red loam the reverse was the c«se. Xn 
the case of laterite soils, the healthy localities had a higher 
nitrogen status in the A horlson only, 
ii,. Phosphorus

phosphorus plays an important role in the nutrition of plants. 
Being present in ell living tissues, its role in life processes 
such as photosynthesis, breakdown of carbohydrates and transfer of 
energy within the plant, is of great significance. It ia the major 
constituent of the nucleus of the cell and is present in cytoplasm 
where it is involved in the organisation of cells and transfer of 
hereditary characters. Growth is arrested when the supply of 
phosphorus is limited in the soil and the plant appears stunted in 
growth with poorly developed roots, and deep green colour of leaves. 
A deficiency of phosphorus say lead to del-jy in maturity. At both 
strong acidity and alkalinity, there is fixation or reversion of
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phosphates in th# soil and the availability to plant gets reduces. 
Soil reaction between 6 ,5  and ?,$ is most favourable for phosphate 
availability. According to lyes e£ (1952). so other element 
olth the possible exception of nitrogen, has beer, found to bo no 
critical for plant growth Aa the field a® phosphorus since • 
lack of this clement ray result in a decrease in the ease with 
welch other element® are absorbed by plant®.

Phosphorus is essential for the multiplication of virus in 
host cells and may increase their susceptibility to attack by 
viruses end other disease agents. Spencer (1935) found that in 
tobacco, phosphorus Increased susceptibility to virus disease as 
long a® plant growth benefitted from extra phosphorus. Bawden and 
iCasaaniu (19*f8) were of the view that phosphorus is store important 
than even nitrogen or potash la regulating host susceptibility, 
fhey further reported that tne greateet susceptibility in tobacco 
to mosaic disease was when plants were supplied with nitrogen and 
phosphorus in concentrations optimum for plant growth. They found 
that phosphorus increased both tne growth of plants and concentra­
tion of virus in the sap.

Sankarneubra Roney st jil (195^) in their studies on soil condi­
tion® in relation to the root (silt) disease of coconut® came to 
the conclusion that there was no significant difference in phospho­
ric acid status of soil®, both total and available, between healthy 

and diseased areas.
HI* m m h

Potassium, one of the major element® in p i-sat nutrition, plays 
vital function® in plant metabolism. Its participation in photo- 
syntheei® ie on* of its important functions and ats such aa adequate
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supply o£ potash Is essential. She need to replenish the potassi­
um status oi soil is all the more important in crops such «8 
coconut and banana which are heavy feeders of potash.

Russel (1950) stated that the content of potash in plants 
ia larger than any of the other major nutrients except nitrogen* 
Nightingale (1931) has suggested that Potassium has a marked 
influence on the reduction of nitrates and synthesis of proteins 
in plants* fall (1SM»Q) and Nightingale (19̂ 2) hate attributed 
the importance of potaan to carbondioxide assimilation and syn­
thesis of simple sugars and starch. It takes part in the eater 
economy oi plants, enables to withstand drought, and helps In 
maintaining the turgor in plant cell. Much information has been 
furnished on the inzluence of this element on plant growth by 
Miller (1938). Nightingale <19t3) and hteinburg (1951). Potas­
sium has been known to regulate protoplasmic swelling in plant 
cells and directly influences enzyme action and physiological 
activity. It is known to have an important role xn buffer systems 
in plants. It ia feno.vn to influence translocation of carbohydra­
tes. there is evidence to show that movement of iron is the plant 
is facilitated by potassium and hence it has a direct effect on 
the formation of chlorophyll.

There are oorfcain anter-relationships between potassium and 
other elements. Additions of nitrogen and phosphorus to soils 
reduce the absorption of potassium, especially if available soil 
potassium ie limited, If conditions are such that the plants 
absorb high amounts of oslcium and magnesium, tno absorption of
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po tasaiua eay b® limited. On the other hand, potassium absorption 
may he b o  high that often colciu® and magnesium absorption are 
hindered.

& lack oi sufficient potash for normal grosth causes distur­
bances in one or more vital plant processes resulting in the 
appearance of visual symptoms of disorders. She deficiency of 
potassium in plant Is manifested by stunted growth, yellowing and 
drying up of leaf Ups and leaf margins in older leaves.

It has been reported by many investigators that potassium is 
instrumental in increasing resistance of certain crops to specific 
diseases. It is not definitely known whether potassium enables 
the plant to withstand attacks of organisms, or organisms become 
established more easily on potassium deficient plants.

Bryce (1921) has raported that the application of potash has 
been found to reduce Hhiaoctonia disease on jute in India, besides 
greatly increasing the yield. Be has also stated that the inciden­
ce of '’Bunchy lop" disease in Bonin Islands is attributed to defi­
ciency of potash in the soil and that application of potash manures 
greatly reduced the incidence of the disease.

According to Janssen (1929), a deficiency of potash favoured 
aphid reproduction and spread of virus diseases. Broadbont et el 
(1952) reported that in Britain the aphid population was decreased 
by application of muriate of potash.

Spencer (1955) found that potassium decreased susceptibility 
to virus disease at levels that increased plant growth. Tisdale 
and Pick (19h2> has reported that cotton wilt can be controlled by 
the use of suitable varieties and with the use of fertilisers



c o n t a i n i n g -  a d e q u a t e  a m o u n t s  o f  m tm h  e n d  t h a t  v a r i e t i e s  d i f f e r  
• r e s p e c t  .So potaaei.tut r e q u i r e m e n t  s a d  w i t a s i i m d i n g  - w i l t  a t t a c h *

? a t « l  ansi Stair. ( 1 9 3 6 )  n a v e  o b s e r v e d .  t h a t , s o i l  - a p p l i c a t i o n -  o f  ■ •
p o t a s h  a®' ' p o t a s a i u a  s u l p h a t e  c o n s i d e r a b l y  r e d u c e d  t h e  i n c i d e n c e  
o f  e h o o t r o t  i n  c o c o n u t  p a l m .

A c c o r d i n g  t o  H a l e y  a n d  S l e d  ( 1 9 ^ 2 ) ,  t h e  r o l e  o f  t h e  e l e m e n t  
i n  d i s e a s e ©  i s  n o t  w e l l  u n d e r s t o o d  b a t  t h e y  w e r e  o f  o p i n i o n  t h a t  
s u s c e p t i b i l i t y  t o  l e a f  s p o t  d i s e a s e  i n  t o b a c c o  c r o p  w a s  a s s o c i a t e d  
with pofcaeeiur deficiency*

H o f f o r  ( 1 9 % 9 )  h a *  p o i n t e d  o u t  t h a t  m'ami p o t e e o i u *  d e f i c i e n c y  
o c c u r s  i n  c o r n *  i r o n  a c c u m u l a t e s  a t  t h e  n o d e s  o f  s t a l k  w h i c h
i n t e r f e r e s  w i t h  t r a n s l s c a t i e n  o f  n u t r i e n t s  t o  t h e  r o o t s  r e s u l t i n g •

\
■In w e a k e n i n g  o f  r e n t e  e n d  r e n d e r i n g  t h e ®  s u s c e p t i b l e  t ©  f u n g a l  
a t t a c k *

B & w d e n  a n d  K a e s a n i a  ( 1 9 * 9 )  fesV®  i n d i c a t e d  t h a t  p o t a s s i u m  
s l i g h t l y  r e d u c e d  t h e  v i r u s  c o n t e n t  o f  t h e  © a p  a l t h o u g h  i t  u s u a l l y  , 
i n c r e a s e d  t h e  t o t a l  a m o u n t  o f  v i r u s  p e r  s l a n t *

A c c o r d i n g  t o  A i l i n g  t o n  a n d  l a i r d  C19S?^)» p o t a s s i u m  d e ­
f i c i e n c y  e n h a n c e d  t h e  s u s c e p t i b i l i t y  o f  t o b a c c o  t o  i n f e c t i o n  b y  
m o s a i c  v i r u s ,  t h e  r e c e p t i v i t y  t o  t h e  v i r u s  p e r s i s t e d  l o n g e r  a n d  
>«t a  s u c h  h i g h e r  l e v e l  i n  t h e  l o w  p o t a s s i u m  p l a n t s - t h a n  i n  t h o s e  
p l e n t i f u l l y  s u p p l i e d  w i t h  p o t a s s i c  f e r t i l i s e r s *

t h e  i n v e s t i g a t i o n s  o f  B r u a  C 1 9 5 * 0  h a v e  c o n f i r m e d  t h e  s o n - ,  
e l u s i o n  t h a t  t h e  b l u e  d i s e a s e  o f  b a n a n a  w a s  d u e  t ©  a n  u n b a l a n c e d
p o t a s e i u a - a a g n e s i u s  r a t i o *

S a n k a r a  $ u b r * » o n e y  e t  * 1  ( 1 9 5 & ) ,  i n  t h e i r  s t u d y  o f  r o o t
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wilt disease of coconut, have shown that compared to healthy 
areas, to» soils from diseased areas were lower in available 
potash,

It has been Mentioned in the annual report of the Cameroons 
Bevelopaent Corporation (195?) that most rapidly growing oil paisa 
become affected by crown disease and little leaf disease where 
potassium was applied alone, bat thro was counter-balanced by 
the addition of magnesium. Hair CiSSi) has reported that potash 
manuring of rubber affected by 'die back', along with nitrogen, 
suppressed the disease and increased the yield of rubber within 
a period of one year ir o m  the date of application of the ferti­
lisers *

Potassium promotes the development of thicker outer walls in 
the epidemal cells end firm tissues which are less subject to 
collapse. Plant diseases have been greatly retarded by the use 
of potnselc fertilisers, 
i«. Calcium

Calcium is an essential element in all plant tissues and a 
deficiency of this element disrupts the utilisation of all other 
nutrient ions. It is known to be a ©onetitutent of cell wall of 
plants and is present as calcium psefcate in the middle lamella.
It seams to be ©bsential for the continued growth of apical 
meriaterns and particularly for the proper growth and functioning 
of root tips. Sorokin and Sosmor (19̂ 0) have reported that in 
the absence of calcium, miotic division become aberrant or 
suppressed. Calcium is also known to have a role in the
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nitrogen metabolism of plants. According to Nightingale {1937). 
la the absence of calcium some species of plants atleast are 
unable to absorb or Assimilate nitrates.

Calcium in important from the point of view of fertility 
.statue of soils. It neutralises the soil acidity and provide* 
the base for the neutralisation of organic acids in plants. 
Calcium enhances the fixation of nitrogen by symbiotic and non- 
ayabiotic organisms and helps in nitrification. It rentier* 
phosphorus is acid soiia available and promotes bacterial de» 
composition of organic matter. Its role in reducing the toxicity 

> of trace elements is well knonn. fork et al (1953) who studied 
t..<p potaasium-ottleiua inte.rroiationsisipe in soils and plants, 
nave shown that enlciua ions miy inhibit absorption of potassium 
by plants. Xnera is good evidence that line influences fcne con­
centration of exchangeable and ester soluble potash in noils.

aeiic^ency o- calciur renders the cell walls thin and 
permeable, affecting to some extent the oaso-regulations in the 
cells and reducing the activity of growing points especially 
root tips. A laofc of calcium may nlso add to the poor tilth 
of soil and adversely affect the activities of certain soil 
micro-organisms. According to Russel (1950), calcium deficiency 
results in the stunting of root system and Indirectly allows 
other eubetancea to accumulate in the tissue*. She young leaves 
of calcium deficient plants are severely distorted with tips 
hooked back and margins curved. Seorcning or thin cnlorotic 
streak® are also seen on leaf. Russel (1950) has observed that
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n high level of calcium resulted in depression of the uptake of 
potassium and aagnaeium.

Van Vanfceke (193?) has reported that aalformation of crown 
and yellowing of leaflets common in oil palms in Belgian Congo 
are associated with calcium and A&gneaiua deficiencies.

Lvans and 'iroxler <1953) have reported that application of 
1000 lba, of culciun oxide and 2 sprays of 1 percent calcium 
chloride solution reduced the incidence of Slosos end rot in 
tomatoes from 17 .7 to 13»1 percent. They have also reported 
that injection of ton*to fruits with sterile oalci.ua glueooite 
solution completely prevented the disorder.

Rsmckriainian and Beaodaran (19!?6) reported that listing of 
noil reduced the period of viability of the pathogen of panama 
wilt disease to two aiont.be while in the control the viability

9

extended upte *► months, 
v. Magnesium

I
Magnesium is the on* and only mineral constituent of oolo» 

rcpbyll molecule, the green colouring matter of the plant.
.arge proportion of magnesium present in plants therefore is in 
the chlorophyll bearing organs, although seeds are also relative­
ly rich in this element. Magnesium ploys • role in the phosphate 
metabolism of plants and indirectly, therefore, in the respiratory 
mechanism. It Is largely required by oil seed crops as it pro­
motes the formation of oils and fats. Magnesium ions appear 
to be specific activators for a number of eniysee including 
certain trari sphoaphory laees, dehydrogenases and carboxylases.



S e f l e i e n e y  o f  -mgatsiua usually r e s u l t ©  i n  the tlete l o g i a e a t  
o f  c h a r a c t e r i s t i c  e J U o r o s i s .  S t s  d e f i c i e n c y  i n  t n @  m t x  m tm m  

s e r i o u s  i s  j u r i e s  t o  j & & a t s *  VSmgmmXm. d e f i c i e n c y  c a n  a r i s e  i n  * ' 
g i a n t s  e i t h e r  frets it true d e f i c i e n c y  i n  s o i l  o r  f r o m  a n  «slMi«tt©©$ 
p r o p o r t i o n  © f n u t r i e n t ® ,  w h i c h  i s  o f t e n  a s s o c i a t e d  o l t f e  h i g h  l e v e l  

of saauring* .
Q d a a s o a  $ £  iyt ( I f 5 3 )  h a v e  e b s s a  t h a t  ■%&« ..fttwilty o f  a a g e  ' 

a c s l u a . i a  s a n d y  s o i l s  i s  c o r r e l a t e d  w i t h  o r g a n i c  © a t t e r  c o n t e n t .  
Earner #t Cl C1930) fasts given evidence to shoo that magnesium
c o n t e n t  o f  t h e  soil i ©  sot a l w a y s  *  (good i n d e x  o f  t h e  a d e q u a c y  
o f  till© e l e a c n t  f o r  p l a n t  u s e *  f & g f t e e i w h r  d e f i c i e n c y '  i s  k n o w n  
t ©  g o  a l o a g e i d e  o f  i e f i c i e a e l e a  o f  C a l c i n a  i n  o r d i n a r y  s o i l s *
i n  e x c e s s i v e  n e e  o f  p o t a s s i u i s  f e r t i l i s e r s  a n y  c a u s e  m g n e s i n *  
d e f i c i e n c y *  ‘ t e r g e  d r e s s i n g  ’of M a e ' a s s y  a l s o  i a i a c o  » a g n « e i u «  
i e f l c i e i s e y  i n  t h e  c r o p s *

t • ■

- ■ MMgmst&km deficiency i s  the f o i l  r e s u l t ©  i n  r e d u c e d  f>feot©~ 
s y n t h e t i c  a c t i v i t y  a n d  © a y  i m p o r t  t o o k  o f  - r e s i s t a n c e  t o  d i s e a s e  
attach*

8 a i i ,  h a s  r e p o r t e d  ’t h a t  the' C h l o r o s i s  a n d  h r a a s l a g  © f
o i l  p a i s a . i n  c e r t a i n - l e c e & i t i t s  i n  test- A f r i c a  w a s  a t t r i b u t e d  t o  
t h e  © © © M a e d  e f f e c t  o f  p o t a e e l t t m  a n d  a a g a e s i n a .  d e f i c i e n c y .  _
Seek® (1930) stiCrilmbed jaagnaeiti® deficiency as a possible c a u s e  
■for t h e  tapering disease ©f o o o o a a t *

Brim, and O h a s p l o R  (195%) have reported t h a t  the b l u e  disease 
of hm tm m  in french Quince was Associated with magnesia* 4e*. 
ficiency and demonstrated the effectiveness of mgoeslua ia any
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form but cilia fly as dolomite* ihey have also indicated the iso 
portanoe of combining tsageesin with potassium fertilisers.

Panda!ai at al <1958) have reported that total or exchange­
able magnesium in the noil has little bearing on the incidence 
of root wilt disease of coconut, although a major symptom of 
root diseased tree* ie the chlorosis of the leaven*

Maxiakulsndal and John fiorairsj (1958) have reported in their 
study on orange decline that higher magnesia content is associated 
with healthy conditions of trees, the sane workera have further 
reported that the ratio of eel d u e  plus magnesium/potassium 
dsereaead considerably from healthy to affected leaven.

Shepherd and Pound (1980) have reported that tobacco infected 
with mosaic virus and groan in liquid culture with magnesium* 
developed typical deficiency symptoms at 0 and 0*5 ppm*, but tha 
assays showed a consistent, though small, reduction in virus in 
magnesium deficient plants.

Vi. Micro nutrients in relation to diaeasec
It has been reported by a number of investigators that cer­

tain micro nutrients also appear to orientate the health or 
disease of plants. She specific role of micro nutrients in re­
lation to plant and microbial growth has not been intensively 
studied. It la suggested that several micro nutrient aleaeats 
are active through certain ensyme systems. Copper, iron and 
molybdenum are capable of acting no electron carriers in the 
oxidation-reduction ancyas systems, fine and aanganaae also 
function in easyms systems which are necessary for important
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r e a c t i o n s  I n  p l a n t  m e t a b o l i s m *  M o l y b d e n u m  a  a d  asfcnganetae h a v e  
b s e a  f o u n d  t o  Isa e s s e n t i a l  for c e r t a i n  n i t r o g e n  t r a n s f o r m a t i o n ® . :  i n  
s i c r o  o r g a n i s m s  a n d  p l a n t s *  KolybdUmum i®. t h o u g h t  t o  b e  a a a e n t i a l  
f o r  t h e  p r o c e s s  o f  n i t r o g e n  f i x a t i o n , .  h a t h  s y m b i o t i c  a n d  n o n -  
s y a b i o i i d #  I t  o u s t  h e  p r o s e a t  i n  p l a n t s  i f  n i t r a t e ®  a r e  t o  b o  
a e t & b o l l s e d  i n t o  asslno a c i d s  a n d  p r o t o i n n *  Z i n c  i s  t h o u g h t  t o  b s  
c o n c e r n e d  i n  t h e  f o r m a t i o n  o f  c e r t a i n  g r o w t h  h o r m o n e s  a n d  i n  t h e  
r e p r o d u c t i o n  p r o c e s s e s  o f  c e r t a i n  p l a n t s *  S o p p e r  i s  I n v o l v e d  i n
r e s p i r a t i o n  e n d  i n  t h e  u t i l i s a t i o n  o f  i r o n *  : A  b o r o a  d e f i c i e n c y

• r:d e c r e a s e s  t h e  r a t e  o f  e a t e r  a b s o r p t i o n  a n d  o f  t r a n e l o c a t i o n  o f
s u g a r  i n  p l a n t s  e n d  i r o n  i s  e s s e n t i a l  f o r  t h e  s y n t h e s i s  o f  p r o t e i n s/
c o n t a i n e d ,  i n  t h e ’ c h l o r o p l a s t s *

n u t r i t i o n a l  b a l a n c e  a m o n g  t r a c e  e l e m e n t s  i s  e s s e n t i a l ,  b u t  
m o r e  d i f f i c u l t  t o  m a i n t a i n *

B h a t t  ClSh*>), Bails (1,9^8) a n d  l i u k h e r l e e  w e r e  o f  o p i n i o n
' t h a t  * d i e  b a c k *  o f  c i t r u s  i n  I n d i a  i s  d u e  t o •d e f i c i e n c y  o f  
n u t r i e n t s  i n c l u d i n g  m i c r o n u t r i e n t s  s u c h  a s  s i n e *  a c c o r d i n g  t o  
t h e m  s i n e  s p r a y *  h a v e  d e f i n i t e l y  b e n e f i t e d  c i t r u s  i n  s e v e r a l  
a r e a s *  M a r u d a r a j a n  h a s  a t t r i b u t e d  t h e  o r a n g e  d e c l i n e  t o
t h e  d e f i c i e n c y  o f ' t r a c e  e l e m e n t s  I n c l u d i n g  s i n e ,  b o r o n ' a n d  
m a n g a n e s e *  B a t , s u p p l y  o f  t h e s e  e l e m e n t s  f a i l e d  t o - p r o d u c e  a n y  
f a v o u r a b l e  r e s p o n s e *

X n n e s  ( 1 9 ^ 9 )  f o u n d  n o  r e l a t i o n s h i p  b e t w e e n  m a n g a n e s e  c o n - . 
t e a t  o f  'palm l e a f  t i e e a e  a n d  r o o t  a n d  l e a f  d i s e a s e  o f  c o c o n u t s .  
■ H a r t y n  ( 1 9 4 8  > h a s  r e p o r t e d  t h a t  i n f e c t i o n  o f  t r a d ®  -with i r o n ,  
b o r o n ,  c o p p e r  e t c * , h a d  n o  e f f e c t  b »  t h e  b u d r o b  o f  p a l m s  i n
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daetaica. He baa also reported that Using imprevad the condition 
and it sight be doe to the release of deficient plant food In* 
gradients la forms available to the palms.

According to Sualey and Sheas* *1951), einc has some effeet 
on virus that causes orange decline, as borne oat hjr their obser­
vation that soaking cuttings affected by carnation-sctnic virus 
in solutions of sine sulphate or calcium chloride, freed them 
from the virus.

Singh and Singes <1953) attributed the ‘die back' of citrus 
in titter Pradesh to copper deficiency and Choedhury (1954) has 
attributed it to sine deficiency in Assam,

farsooa (1955) has deaoastrated enhanced susceptibility of 
pnsoeolue vul;;ari8 leaves to tobacco mosaic virus, induced by 10 
minutes immersion in 0.091 to 0.03 percent sine sulphate. He 
has also reported that the same treatment decreased the nuaber 
of tobacco mosaic lesions on Hlcotlaaa glafeenosa leaves.

Shepherd and Pound (1960) has reported that Blcottana 
tabaocua groan in nutrient eolations, Ion or lacking in boron, 
showed characteristic deficiency symptoms and eventually ceased 
growth.

From the foregoing literature review, it cun be seen that 
soil conditions and environments in many cases act as predisposing 
factors in the Incidence of diseases. The old adage "prevention 
Is better than cure" applies to tae health of plants as to 
human beings. Maintenance of soil fertility and providing tha 
nutrients in correct proportion are thus the key to the health

X.
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and vigour of plants and their resistance to diseases.
Sue present study has been undertaken Kith the object of 

Investigating the nutritional status of soils in relation to tbs 
incidence of "bunchy Sop" disease on banana. Sacta a study will 
be useful to ascertain whether soil conditions act as predisposing 
factors in the incidence of the disease*



R*ram* mw mass#

ft* m a t m w i -

X* flOil S t a p l e s  '
3  d i s t r i c t *  ( t w o  d i s e a s e d  a n d  c s s  h e a l t h y )  v e r s  s e l e c t e d  f o r  

t i n s in v e s t ig a t io n  o f  t h e  n u t r i e n t  a t a t u e  o f  the, s o i l * * '  l a  e a c h  
o f  t h e s e  d i s t r i c t s *  t w o  t y p e s  o f  s o i l *  w o r t  t a k e s  f o r  t h e  s t u d y ,  

the d e t a i l *  o f  d i e t  r i o t s ,  l o c a t i o n  .feast t y p e  o f  s o i l ®  a r e  
g io o a  b e l ew *

' I d e a t i o n  frois % P «  o f  
:8&st*£o% where soil" «©fl &««**&*s a w j j i e ©  c o l l e c t e d  . . .

1 *  % s i l o s  1 *  ^ f e i l O a  ' S«u a l y  | M » e a e © « t
. - a .  K e tta ra iw tra  S f t t * M U *  f a r e a

‘ M m  Eraakulaa 3. Ilea?* S a a d y  I  S & * * * m 4% *  H o o v a t t u p u t h a  f i e i e r i i e  I a r e *
I *  fa iff ia a o re . f *  f a y y a a a u r  S a n d y  ' I  H e a lth y

6 *  f a l lp a f a a h a  L a t e r i t e  I  a r e * .

" i' £  b r i e f  d e a f e r i p t i c ®  o f  t h e  a b o v e  a r e a *  £ s  g i v e n  b e l o w i  
1* fittlioa Mstriot 

t h e  d i s t r i c t *  w i t h  a n  a r e *  o f  a b o u t  8 0 0 0  a c r e *  o s i e r  b a n a n a * *  
h a *  *  * * £ l  d i s t r i b u t e d  r a i s f a l l *  S h e  a n n u a l r a i n f a l l  r a a g e *  f r o m  
2 6 0 0  t o  3 0 8 0  ass* w i t h  a  ® a x i » u »  a t  ass t e m p e r a t u r e  o f  9 0 a F  d u r i n g  ‘ 
H a p © h - f t f t i i  arid a i a i f e u a  t e m p e r a t u r e  o f  ? 2 ° f  i n r i a g  J a n u a r y .

, ’ S a n d y  s o i l s  a r e  f o u n d  a l o n g  t h e  c o a s t a l  a r e a *  k o t t a r a k a m ,  
w i t h  l a t e r i t ©  * o i l * «  is- t o  t h e  i n t e r i o r ,  2 %  k i l o m e t e r *  e a s t  o f -  

' R a t i o n * '
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1 1 . Krnahulaa Pi* trie t 
ilwaye with sandy loan aoila ie situated clcae to the coastal 

•rtt, and hoovatupusha with latarlte soils is located about <10 

kilcaetera to the interior and at an elevation el about 18 0 meters 
above aiaan a»a level. She rainfall of the district ranges free 
3000 to 3800 ant. She aaxiaua aean tesparatura oS the locality la 
95°f and ainiaum tesparatura 6S°r. The area under banana la 5.800 
aoraa in this district.

Hi. Qaacanore District 
Sha dlatriot with an area of 25*000 acraa under banana la 

situated in Horfch Kerala. She annual rainfall of the district 
ranges from 3500 to %500 am., distributed ever 120 days and recei­
ved aaialy during the south-west sanaoon (dune to September). 
ItoyysaBur, with sandy soils la located la the coastal area and 
Tallparaeba, with latarlte soils la situated £ 5 fcllosatara to the 
Interior at an elevation of <15 meters. The highest temperature 
of the tract is 10 0°1? in ipril-May and lowest alniaua tesparatura 
of about 60°T in Deeesber-tfaauery.

Svarty representative soil samples ware collected froa each 
area, and under both diseased and healthy plants. She aoll samp­
les ware collected 3  fast away froa the base of the plant and to 
a depth of 12'*. Boaidee, 5 Samples were collected to a depth 
Of 12" to 3b** • She da tails af samples collected are given in 
page 31.
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I Sell Type I
District I Sandy J 1* terit* 1I ass»ss<»seeei*>aav»aee»asiaai«itw»ss«M»Mea»*«se»ess*a»es»«»e»a»s»a»4ia«e><»«MMa»as*oMa<iia»«gtMMie«iH*swastes w»WM)ieiwiMa»w|

I Baal thy § Siscasad 1 Baal thy 1 Diseased .
weaiH>M »d»dM »*M lw<»sM b*»e»«wdsasM »#we« aM» s i ss y  as a»«wi as w» ass* aee»< sw M fcew ^ya*  s m s  area peases we eeeaw sas«»&eM »«»e»esa»aeaae»aww»ai»wrd

Bepth |o"«ia» 12"-3§"|©**-12»* l£''-36"|o!,-i£'! ia»-3&*fow*12!» 12“»36'

quilon 20 3 20 5 20 5 20 5
ErneKulea 20 5 20 5 20 3 20 5
Cannanore 20 3 — «fr 20 5 west we

• i t I » « « 1 «mwh»w»swm* etwees wts»*>set»ain»
| Total 60 15 <f0 10 60 1? <10 10

a.
Twenty representative loaf sraplea for analysis wara collect*

ed team hath healthy and diseased plants fro* each erea. The salec- 
tloaa were confined to those plants fro® whose base soil steeples 
ware taken for analysis.
S. MS5H0BS Of MRLt&XS

Brief outline of the sethoda adopted for the analysis of tbs 
soils is presented below;

Preparation of soil aaaslea and leaf wangles 
the soil samples collected were dried I n  tbs shade, ground 

in porcelain sorter, and sieved through a 2 sis, sieve. She sate* 
riel thus prepared was used for laboratory enaslnation.

The leaf samples were dried in shade, powdered wall in a grin* 
der and the powdered Material was used for analysis.

Chemical Analysis
the Methods of analysis adopted in the study were those of
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tbs b . G . A * C . ( 1 9 5 0 ) «  n £ o i l  and P l a n t  ftnalyssie** b y  fr'iper (1950) m &  
9’Soil Chemical Analyais'? by dackson (195?)«

S o i l  a a m p l e a  w e r e  t e s t e d  f o r  p B  e n d  a n a l y s e d  f o r  a v a i l a b l e  
p h o s p h o r i c  a c i d , a v a i l a b l e  p o t a s h ,  e x c h a n g e a b l e  c e l c l u a  a n d  * a g n # «  
s i u s ,  o r g a n i c  c a r b o n ,  t o t a l  n i t r o g e n *  t o t a l  p h o s p h o r i c  a c i d ,  
p o t a s h *  c a l c i u m '  a n d  * a g a e » i u » >  a s  d e t a i l e d  b e l o w s  

i .  S o i l  m o i s t u r e  
M o i s t u r e  w a s  d e t e r m i n e d  b y  d r y i n g  a t  1 0 5 ° e  f o r  6  h o u r s .

Th*' p H  w a s  d e t e r m i n e d  i n  1 $ 2 * 5  a o i l - w & t e r  s u s p e n s i o n  u s i n g  
g l a s s  e l e c t r o d e .

lil* Organic carbon. 
fhe wet digestion method of i'alkley a n d  Black (193%) as 

modified by Walkley (1935) was used*
Known quantity of powdered Soil was treated with fotaeaiu® 

dtcfaroaefce and aulphuric acid* She excess potassiu* dichroaate 
was titrated back with ferrous sulphate solution using dipheny- 
laaine as indicator.- from tbs voltme of potaesiua dicbrosate - 
used the organic carbon w a s  calculated, 

iv. Orjgaaic natter
%  m u l t i p l y i n g  t b s  o r g a n i c  c a r b o n  c o n t e n t  b y  i b e  f a c t o r  

1 * 7 2  t h e  o r g a n i c  n a t t e r  c o n t e n t  w as a r r i v e d  a t .  
v .  A v a i l a b l e  p h o s p h o r u s  

A v a i l a b l e  p h o s p h o r u s  w a s  d e t e r m i n e d  fey M c k s a n  a n d  B r a y ’s  
a *  t b o d  a s  g i v e n  b y  J a c k s o n  ( 1 9 3 ? )  • W e i g h e d  q u a n t i t y  o f  t b e  s o i l  
mm e x t r a c t e d  w i t h  a a a o n i u a  f l u o r i d e - l i c l  e x t r a c t i n g  w e O i u * .  S h e  
p h o s p h o r u s  i n  t h e  e x t r a c t  w a s  e s t i m a t e d  c o l o r i n e t r l c a l l y  u s i n g  a
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Klett-Sunmerson Colori.seter.
Vi. available Poteeelua
available patee*lu» was estlaated by turbldimetrlc method.

She weighed soil sample was extracted with Morgan's reagent and 
the turbidity developed in the extract by adding eodiun cobelil- 
nitrite solution, was estimated coloriaetrlcelly using a Xlett- 
Susaerson Seloriaeter.

vii, Sxehaaaeabie Calcium
She exchangeable enlcitia wee estlaatcd by leaching the aoil 

with neutral easaonias acetate, precipitating as oxalate, and 
titrating against standard potassium peraaagaaate.

viii. Exchangeable Maeneeitia
Site aagaeaiua in the filtrate Sron caleiusi estimation was 

precipitated as magnesium dihydrogen phosphate and determined 
gravimairically.

lie. Sotel nitrogen
Total nitrogen was determined by the Sjeldehl method es 

given by Piper (195>>.
x. Total phosphoric acid
Total phosphoric acid was determined by the method as adopted 

by the A.O.A.C. (1950)•
xl. Potaeeius
K>tesxius was determined by sodium cobaltinitrite method as 

given by the A.O.A.C. (1950).
xii. Celcius
Calcium wee determined by the sethod as given by the A.O.a.C. 

(1950).



Magnesium was determined by the Method as given by the A.O.A.C. 
(1950).

The analysis of plant material for major nutrient* (nitrogen, 
phosphorus and potassium) and for calcium and sagnsaiuo wee done 
by the methods a* gives by the A.O.A.G (1950) and ‘Soil and Plant 
Analysis* by Piper (1950).
(C) KXPP.SJHKRT

ftith * view to study whether the nutritional status of the 
soil, especially calcium aod sagaesiu*, i* a factor in the in­
cidence of ‘Bunchy Top" disease, aa experiment was laid out with 
major nutrient* plus oolci.ua and aagnesiua.
1. treatments and lay out

The experiment was laid out ass follows!
iTreatment*a

x i i i .  Magnesium

A. Control
B. d.P.K. mixture
€• H.P.K* + Calcium
B. M.P.K, > Magnesium
S* h.l'.K. ♦ Calcium * Magnesium

The pot* were arranged in a randomised block design aa 
recommended by Pans* and Suisata* (195?) with 6 replications, a 
Spacing of 2.h meter* was given between tne plant* both waya.
2. Banana sucaer*

The variety of fewwtsa used for the experiment was ttendran,
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known locally aa "kthaa". In Kerala, Keadren is one variety that 
is highly susceptible to the disease under natural conditions. 
Artiflcal transmission of the disease by release of aphids was 
also found successful in thin variety (Progress report of the 
Scheme of Research on "Bunchy Top" disease of bananas in Kerala 
State for the year 1956-57),

The healthy banana suckers for the experiment were collected 
fro*s a garden in the vicinity of the College. The garden was 
completely free fros the disease. The mother plants were observed 
throughout its growth period for the incidence of the disease and 
healthy aucaera were collected only after satisfying that the 
garden was free from the disease.

Hendran variety is a crop of 10 months duration. 50 banana 
suckers, almost uniform in siae, acre collected two days prior 
to the planting date. She sucker® were air-dried for two days, 
before planting as practised in the locality.
3. Pots for the experiment

Thirty numbers of reinforced concrete pots of siae 60 ca. 
diaaetor and 60 cm. height were given two coatings with bituaiu 
paint to prevent tne pla, t roots from absorbing nutrients frots 
the cement material of the pot. Hewitt (1930), in studying the 
trace element nutrition of plants, adopted the method of pain­
ting the pots with bitualn to prevent absorption of extraneous 
elements.

Sand
Coarae grained river sand was used f o r  t h e  e x p e r im e n t .  It 

was sieved in sieve, treated will 2 p e r c e n t  H y d r o c h lo r ic  a c i d ,
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then with 2 percent tiitric add and washed free of acids in a 
current of running water, hmoh pot contained 150 kg. of washed, 
dried sand.
3» Manures
(a) Cattle manure
15.6 kg. of well decomposed faro yard manure was mixod with 

the sand in each pot. fhe analysis of cattle manure showed the 
following percentage of plant nutrients1

nitrogen — 0.6<̂ >
Phosphoric acid — 0.36#
Potash — 0.69#
Calcium oxide — 0.5S#
Magnesium oxide — 0.06#

(b) I&ae (calcium carbonate)
Byaproduct calcium carbonate obtained from the fertilisers 

and Chemicals, fravsncore ltd., Always, was used for the experi­
ment. 6 teg. of calcium carbonate was used for 12 plants in two 
treatments.

The analysis of the calcium carbonate for calcium and mag­
nesium gave the following values:

CaO —  57.10#
MgO — 1.55#

(c) g.g.K. Fertiliser afxture
K.P.K. fertiliser mixture <9:9 = 9) from the J'ertlXisere and 

Chemicals, tEravancora ltd., was used for the experiment. 2.5 kg. 
of 919=9 mixture was applied per plant in all treatments except
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the control. 'She analysis of the fertiliser mixture showed a
calcium content of 9.? percent, iialf the phosphoric acid in the 
fixture was in eater soluble fora.

(d) Magnesium carbonate
Chemically pure magnesium carbonate containing 4?.3 percent 

iest,nonius oxide was used for the experiment. 6?2 g. of magnesium 
carbonate was used for 12 plants In 2 treatments.

(e) Micro nutrients
the jaicro nutrients namely manganese, zinc, copper, iron, 

boron and molybdenum, were applied in all pots and tbeae micro 
nutrients were supplied as magnesium sulphate, cine sulphate, 
copper sulphate, iron aulpnate, boric acid and aolybdio acid 
respectively.

Cattle manure and micro nutrients were 6iven to all the 
plants Including the control at the following rates as basal 
dressing.

Cattle assure 13.6 kg. per plant

, Micro nutrients per plant

I Chemical used
S

| Quantity To supply the 
micro nutrient

[Quantity 1
L ____J

Hongonsse sulphate 6.16 g. Manganese 2 g.
dine sulphate 6.8 g. sine 2 g.
Copper sulphate 7.84 g. Copper 2 g.
Iron sulphate 10.0 g. Iron 2 g.
Baric acid 5.2 g. Boron 1 £•
Molybdic acid 1.5 g. Molybdenum 1 g.
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fi.P.K. Mixture
For treatments 3,8,0 St «l,8»p»K. mixture at 2,5 kg. per plant 

was used.
Salolaa carbonate
0*5 kg. per plant for treatments C ft S was given.
Magnesias, carbonate
For treatment® B & &, aagnesiu® carbonate at 56 ■> per plant 

was given.

Planting
1'he boles provided on the sides at the bottom of the pots were 

plugged with glass wool for retaining sand in the pot and at the 
aas’.e time to drain the excess water* the pots were then filled 
with a measured quantity of sand mixed with basal manures. 150 kg* 
of sand was added to each pot, sufficient for filling the pot 
upto 7.5 ca. fro® the top.

She suckers were pleated at the centre of the pot by scoop­
ing the sand, the planting was done on 17-11-1962.
S’erfcilisers

the basal dressing with 13.6 kg* of cattle manure was done 
for each pot before filling. 6.16 g. of manganese sulphate,
0.8 g. of sine sulphate, 7.84 g* of copper sulphate, 10 g. of 
ferrous sulphate, 5.2 g. of boric acid and 1.3 £• of aolybdic 
acid ware also mixed with the saad in each pot before filling.

Me® as calcium carbonate was applied to treatments 0 & £ 
at she rate of 0.5 kg. per plant, t h e application was done in 
a circular layer 30 c®» below tub surface and away from tne
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rhixoae of the banana sucker. It mm applied before planting the 
sucker®.

f-fegaesiwa waa supplied as magnesium carbonate. It eao mixed 
with the sand before filling in the pot. She dose applied mm 
56 g. per plant under treatments BIS,

The S.P.g, fertiliser mixture at 2.3 kg. per plant wee 
applied to all the plants, except control, in 3 split dcsea of 
1/3 quantity each time at monthly intervals, The 1st dose man 

applied on 16-12*1962.

££&g£SlaE
The banana suckers sere pet-watered lightly on the day of 

planting, bigbt irrigation mm gives till the suckers sprouted 
and started growing. >ith the appliestion of fertiliser mixture 
one month after planting, the quantity of eater applied one 
increased. kqual quantities of eater mere applied to all the 
plants daily.
Eelcaae of aphids

tJa<».fcaloni& nixronervaBa. the banana aphid, is the vector 
responsible for the transmission of the virus, the causative 
agent for the "Bunchy Top" disease of bananas.

'i'ne aphid vector thrives best in humid conditions and per­
sists on the plant if there is sufficient shade. To provide an 
optimum condition for the aphids to persist on the plants, a 
pandal was erected with the object of providing abode. One 
good rain »aa received a day prior to the release of apbida and 
this was helpful in beeping the ground in motet humid condition.



TitC aphid® required for tranetaiaeion were reared on healthy 
plants and then allowed to feed on diseased plants for a period 
&£ V days. The aphids wen* collected on 10-1-1963 and half­
starred for Zk hours. They were released In the leaf aheath of 
young leaven at 30 numbers for each plant, the release of the 
aphids warn done Wider the supervision of the Seaenrch staff of the 
Bunchy Top Research Scheme, Agricultural College, Vellayanl. The 
humid condition and (shade ware maintained for a period of 3 days 
from the date of release of the aphids. The aphids were released 
oa 11-1-1963.
Characters studied

1. Height of the plant

The height of the plant was measured at weekly intervals*
The height was measured in centimeters froa the surface of the 
sand is too pot tc the apex of the plant.
2. lumber of leaves

The number of leaves esser&ed and opened on the days of ob­
servation were recorded.
3« length -and width of leaves

The length of the leaf was taken froa the tip of the leaf to 
the point where leaf blade ends on the petiole. The width was 
aeaeared at the middle paint of the leaf.

k . Observations on symptoms ot disease

The following syaptoao of the disease were loosed for;
1. Bevelopuent of shlorotlc etieafce jnd dots on the petiole, 

lanf blade end ou-drib.

«K>



11. Upright position ot loaves, curlintJ ef leaf aargiaa, 
ooorobing, splitting of leaf blades, brittle nature of leaf.

111. Shortening of leaf alee both In length and width, 
xv. Seduction in further growth, elongation of petiole 

reduced and production of cluster of leave*.
v. Keprtjoentative leaf oaaplea were drawn froa the 

potted plants under different treatments and analysed for the 
calcium and sagneeiun content of the leave*.

41
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1. feoi.1 analysis
1. Soil reaction (pH)

Table I presented below gives t!»« pB values of soils studied.

TttBU. 1

pH VAliUSb OF oOIl»5 OF tt8Al»TnT AU£> DliSAai.0 ASEAb AT 
TW) DIFFCHEBT DBMSS

---- Depth of soils P

!Soil type ' 
&t District

0« to 12"
(Mean of 20 samples}

12» to 36” I
(Kean of 5 samples) *

1 1s Healthy |Diseased I * Healthy Diseased
L j J

ovipif
^uilon 6.10 5.95 0 .18 5.66 5.36 1.60
Brnakisla® S.9& 5.87 0.46 5-32 5.20 0.74
Garmenore 5.48 - m 4.90 - -

Kean 5.67 5.91 0.23 5.30 5.28 0.23

quilon 5*2? 4.9? 0.91 5*20 4.88 2.90+
fcrnafculaa 5.39 5.29 0.60 k.m 4.?8 0.43
Cannanore 5.48 - - 5.36 - -

Mean 5*48 5.13 1.o0 5.15 9. S3 2.8S4

♦ significant at 0.01 level

It can be aeon froa the data presented that without exception, 
the soils trow areas of diseased plants are sioro acidic compared 
to areas of aeslthy plants.



2. Organic carbon
The data presented in table 21 give the organic carbon con­

tents of the eo3.2s studied.

TABLE. 22
ORGANIC OaKbOfl CGbThHT OF hOIIA OF dsALim AS I) BlhfiAShD 

ABSAS AT TAO Dl̂ Fl BENT BSPXN3
(expressed as percentage on oven dry basis)

Depth of a©xlo
boil type 
District (!teaQ of 20 «30Fi0*>

O’* to 12'* 12” to 36” |
tHean of 3 saaplee)

Healthy Diseased . t Healthy Diseased t

flAKpy
Quilon 0.66 0.S3 6.40* 0 .52 0 .61 2.94+
Ernafculan 0 .70 0.87 2.36m 0.33 Q.4 2 0.60
Cannanore 0 .6 1 _ m 0.65 - m

Haas Q.?2 0.65 3.65* 0.50 0.53 6.4*

MTIRIT6.
Suilon 0.75 0.99 5«10+ 0,43 0.50 2 .20+++
firnahulam 0.96 1.05 1.09 0.A7 0.53 1 . 1 2
Cannanore 1.15 m - 0,^4 - -

Mean O .96 1.02 1.4Q 0 .4 5 0.52 2.70**

Note: In all table© the aafceridt aarh indicates
statistical significance a© shown belon s

* Significant at 0.01 level
-M- Significant at 0.05 level
*■+♦ Significant at 0.1 level

The soils from areas of diseased plants had a higher content of
organic carbon as compared to tho.se of healthy plants in both the



mil typos at the two different depths. The organic CaiBoa con­
tent of noxla at 12" to 36" depth ie found to be lower than that 

C, of she 0” to 12" layer* Between tne two soil® t^pea, the letwite 
soils nave a hie®*1* content of organic carbon. The mean value© for 
all the Districts taken together also recorded « higher content of 

organic carbon In areas of diseased plants.
The higher content of organic carbon in areas of diseased plants 

is significant statistically in sandy soils of tfcuiloa and £raahul*a 
districts* and l&terite soils of Quilon Metrict at 0" to 12" depth. 
It is also significant at depth 12’' to 36" in respect of sandy and 
laterite soil® of gallon Mstriet. Tne nean values of organic car­
bon In diseased areas are 0.ti3 percent and 1.02 percent in respect 
of candy ana laterite (soils as coapared to 0.72 percent and 0.96 
percent respectively, in healthy areas.
3. Organic saatter

Table III presented on page 45 gives the percentage of or­
ganic matter content of the soils studied.

The organic fatter content of t>oil& of diseased area in high­
er thp.n in healthy areas and the higher values are significant 
for sandy soils of both ^uilon <?nd I rnakulajs districts at tne two 
-veptas. St 13 also nigua.iic-:ist for 1 it or I tv soils of Quilon 
District at the two deptne 0" to 12" »nd 12" to 36" . The 
organic setter content at toe lower depth le lower than in the 
surface sasplo (0" to 12").

The mean values for these two noil types in the two groups 
of Districts also recorded a higher content of organic carbon in 
areas of diseased plant*. These higher values are also significant

kk

I



ill the ®sndy soils at 0“ to 13" depth and in the Xatarite soil 
at 12** to $6,,»

TABhV U l

OH9ASIC HATIfcR GGfiTfcST OF SOILS OS’ H3Ai.TH! A8D DISSAĵ BB 
AREAS AT TiKJ DIFFSRBJfT DEPTHS 

(Expressed *e percentage on oven dry basis}

Soil type 
*

District

Depth of eoils
0" to 12*'

(Mean of 20 samples)
12" to 36°

(Mean oi 5 saap3.ee}
Healthy Diseased t Healthy Diseased t

■SAtW

Quilon
firnakulaa
Csumanore

1.14
1.20
1.41

1.45
1.50

6.20*
2.40**
«j»

0.90
0.36
1.15

1.04
0.72

6.26*
2.9**

Mean 1.25 1.46 12.00*’ 0.86 0.88 0.15

L A T E R IJE

Qullon 1.29 1.72 5.10* 0.74 0.36 2.20***1
SraakulBiB 1.69 1 .8 1 1 .1 6 0.81 0.92 1.08
Csnnanore 1.99 - - 0.75 m -

Mean 1.65 1.?6 1.40 0.77 0.89 2.60**

4. Total ttitrogen
The percentages of total nitrogen xa the soil® of healthy 

and diseased areas studied are presented in table IV.
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TIBIA Z9

m iA h uxtboobb eosfere e? doua of m \ u su x m n

BX&8A6S0 A2BAS AT T80 BIBSMfl DSFTfiS 
(Supreoseii as percentage on oven dry basis)

F Sept!i of soils
Soil type 

&
Blstriet

0" to 12“
(Kean of 30 sa&ples)
Healthy fDiseased f t | Healthy jBleeasedi t

12" to 36"
<fteaa of 5 samples)j

l1 t

sabot
Q uiloa
Ernakulaa
CeBoaaore

0.052
0.039
0.069

0.06b
0.06b

•»

11.3* 0.0b2 
1.99***0.026
» O.obs

0.048
S.033

*

2.72** 
2.72** 
m

Mann 0.060 0.06b 1.59 0.038 0.040 0.03

^IISIS
Q uilcn
siraakulaD
Sannanore

0.059
0.079
0.091

0.072
0.083

3.70*
0,67
m

0.038
0.043
0.037

0.042
0.044
m

1.40
3.40*

Mean 0.076 0.078 0.67 0.039 0.043 1.90

Zt one He sees that aoile from, areas of Seal thy plant a 
Have a lower content of nitrogen «a c o b pared to areas of 
diseased plants at both depths, Q« to 12** and 12" to 36". She 
higher values ©f total nitrogen in diseased area® are signi­
ficantly different from those of healthy areas in sandy soils of 
hath Quilon and irnakulaua district® at both the depths, and 
Xeberlte soils of Quiloa and Srasfculam districts at ©*' to 12" 
and 12" to 36" depths respectively.
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5. Q M  ratio
Valuea of 6/8 ratio presented in table V show that in all

the diseased area® the ratios are higher as ©caspared to eoila of 
healthy areas.

tmvt ¥

CAiaSS/HMBOS&J 8ATIO OF S0I& 3 OS iig d tfflS  AH3 O Ig ,c lSsa  

m%hS At tm  SIFFSlte& t’ B .P SB S

s » a a a s < n i» w >  <sMie«»e-s»«e <>»«■» w « n » s »  «■*»— ■» tmm m  -emaes— eS'— s e w  « » a t« > e .m iii> e tw > e > * '« > » » ^ i« n s * ^ n lt

Depth of soils
Soil type 0" to 12" 12" to 36*'

& {Mean of 20 camples {{lean of 3 samples)
Healthy Diseased t Bealthy Diseased t

«»*•*•*•«?•• **4eH *«e*w «»m eM i»w »e»e*«**B «M e«iM »4*M W SB a»e**»«p«««»«»«*esae4*w i*«i»«ee»ee4»«*e» w e e s *  ■»e»«aw*»M »«e «•*•■» «»«•<■*

m m t
Quilon 12,72 12.95 0.55 12.38 12.62 0.34
©rnoiiuXaa 11.90 14.02 2.85* 12.54 12.92 1.6 5
Canaanore 11.8 2 - m 13.81 • -

Hess 12.1** 13.49 3.70* 12.92 12.77 0.40

u t h m m
Quilon 12.80 13.31 1.40 11.36 11.90 1.20
SSrnakula® 12.36 12.85 0.48 10.86 11.90 1.40
Cnctjanora 12.78 - ~ 11.66 a* m-

Mean 12.71 13.08 1.20 11.30 11.90 1.20

the sandy soils of dxaeased area® of Brnakuleua district have a 
0/8 ratio of 10,02 as against 11.90 in healthy areas and tha 
difference la significant. lae mean value for the sandy eoila



la the two graups of Districts also shoned a significantly hi^ier 
ratio la diseased areas.

She raise# of C/S ratio arc hooever not significantly 
different is other areas. She variation of the C/ft ratio at 
different deptna i® irregular.
6. Phosgaorie acid

Tables VI and VII presented give the data on the total and 
available phosphoric acid, can teat of soils studied.

SfidLE VI

K M  P<®j««i3e AC1B COftTJftS OF ftOIIS Of’ lUSJfMV
&m> msEnsm arms a? tw. bstfkhhit Di m s

(Expressed as Percentage on oven dry basis)

Soil type 
«e

District

Depth of soils
lews— onwfwsMedrtnleneeMHi—

O'* to 12" I 12" to 36"
(Mean of 20 saaj&ee) | (Mean of 5 samples)

Healthy Diseased t I Healthy Diseased

B M M
Quilon
Sraalsalam
Cannancre

0.030
0.022
0.036

0*028
0.027
m

2 •20**' 
1.16

0.023
0.017
0.025

0.021
0.015
s»

3.20**
2.65**

Mean 0.023 0.027 1.52 0.022 0.018 2.74**

iimeii
sjuilosi 0.030 0.04? 0.94 0.037 0.034 0.50

0.038 0.033 4.10* 0.026 0.013 7.00*
Gaaaanore 0.045 - - 0.035 - -

Mean 0.045 6.040 2.30** 0.033 0.023 2.10**



TABLE VIS

AVAX&c&LE FEQSPgOBXC AGIO COBTEHT Of SOXhi OF BSAMHI 
A8J5 D ISEA SED  A5EAG AT %  0  'D i m S e H V  DEPTHS 

(tjtjsreassd a® Percentage oa ovea dry fep«i»)

Depth Of soils

Soil typo
&

1 District

o» to ia*»
(He«n of £0 samples)

12” to 36“ I
(Mean of 5 sssploa j

1 Healthy Oiseased t' Healthy Diseased t

3ASi)f
quilon 0.006? 0.0052 0.66 0.0068 0.0059 1 .90*w
Eraakulaa 0.0033 0.0035 0.60 0.0016 0.0018 0.9?
Oatmencr® 0.0028 Hi • 0.0025 HI •

Mean 0.0038 0.0066 1.6 6 0.0030 0.0039 1.06

t&tesrss

<J,uilos 0.001? 0.0022 u W 0.0006 0.0008 1.50
Eraafculaa 0,0008 0.0009 G.?6 0.0006 0.0003 0.62
CwsRaaore 0.0015 - - 0.9006 H> -

H orn 0.0013 0,0016 0.?8 O.OOS65 0.00052 0.18

She total phosphoric acid content is seas to bo higher in 
areas of healthy plants as compared to diseased areas, except la 
the sandy soil* of Eraakulaa district where the reverse la the 
case* The Higher valaas of total °2°3> ar* uiSniixcaa6 oal^ for 
0” to 12” depth in the sandy soils of Quilon District and Laterite 
BOilc of irrnsskulata District.
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It is also sees that the total PgO^ content is lower at depth 
IS*1 to 36" than at O’* to 12". Between the soil types, laterite 
soils have a higher content of totol

She Heaa values for the two groups of districts also recorded 
significantly higher content in healthy areas of laterite soils 
at 0" to 12" and at 12" to 56" in both soil typos.

She soils from areas of diseased plants have a slightly 
higher concentration of available phosphoric acid. However the 
higher values are not significant in all the areas except laterite 
soils of Quilon district at 0" to 12" depth and sandy soils of 
gallon district at 12" to 36" depth.

Between the soil types, the laterite soils have a lower 
content of available phosphoric acid than the sandy soils.
?. Potsah

The data presented in table VIZI and IX give the total and 
available potash of the soils studied.

The total potash eontont is higher in soils studied at both 
depths in areas of healthy plants as compared to diseased areas 
in sandy and laterite soils of Quilon. The jaean values of total 
potash are O.O^h percent and 0.030 percent in respect of sandy 
and laterite soils in areas of healthy plants as compared to
0.036 percent and O.Oh3 percent in diseased areas respectively.
The higher values are significant for sandy and laterite soils 
of Quilon District at both depths. However tne sandy and late­
rite soils of famafculaes District have slightly higher content 
of potash in diseased areas. The ffiean values for these two
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soil* In the two group® of district® ere higher in healthy 
areas at Both depths, and these are significantly different 
from diseased areas.

TABJ.E VIII

WAX. POXfASH COHSSif OF ,»01tS OF a HD DISEASED
hREAS AS TMJ DIFFSRW.X DEFSBS

(Expressed as percentage K^O on oven dry basis)

Soil type 
&

District

Depth of soils

0« to 12"
(Moan of 20 staples)

Healthy Diseased

12" to  36"
(Mean of 5 saaplesj

Healthy Diseased t

SaKPY
Quilon o . o % 0 . 0 3 ^ 4.00* 0 . 0 3 0 0.018 $.80*
JSraafculam 0.037 0 . 0 3 9 0.28 0.027 0.029 0 A 5

Cannancre 0.081 * •» 0 .0 & 1 “ -

Mesa 0 . 0 5 4 0 . 0 3 6 k . a * 0 . 0 % o.oav 2 . 0 6 " ++

E h 'fE g lS fe

Ciuiion 0.055 0.0*65 5 . 5 0 * 0.037 0.030 £ . 6 * *
Ernakulam 0 . 0 3 7 0 . 0 % 5.15* 0.030 0.029 0.091
tannanore O.OS7 - m 0 . 0 6 6 as m

Mean 0 . 0 5 0 O.0**3 2%3++ 0.0% 0.029
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AVAXUBlb POSdSH C O M M ?  OP fiOIiS OS' HSfiLTSf m o  DXBtSABBD 
AHaAS AT T«Q b i f k .hebs defibs

(Expressed as percentage K.,0 on oven dry basis)

M I S  IX

Depth of coils

Soil tyga 
&

District

V
0« to 12“

{Roon of 20 Canales)
healthy Diseased t{ Healthy Diseased

13» to 36"
(Mean of 5 eaxrelee)

- ** *» whs* Rt «*jaki«ea»*M» f* «e

S,\HSY
Rollon
fa.riicdiulws
Cannanoro

0,00052
0.0003
o.oae?

0.0004?
0.0003

0.43 
3. 2*

0.0005
0.0002
0.0007

O.0OQ3
0,0001

1 .6?
0.58

a>

fteaa 0.00060 0.00040 4.00* 0.0005 0.0002 2.09**

1 W W  
tuilon 
smaixuleua 
Caaa more

0,0009
0.0007
0.0009

0.0008
0.0006
m

1.06
0.94

0.0005
0.00032
0.0012

0.0S03
o.uooaS

1.50***
0.44

Mean O.OOOfl 0.000? 0,71 0.0006 Q.OOOyO 1.05

Healthy a*pa*, have a higher content of available potash in 

all soils studied. tne aealthy are is of Eras. ula® District in 
respect of sandy soils navo a significantly higher concentration 
of available potash at 0" to 12" depth. Tne aoan values for the

t
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aandy s o il®  o f  the two groups o f  D ie t r ic t o  a r e  h ig h e r  4 a  h e a lth y  

a r e a s  a t  both d ep th s.

She h e a lth y  a r e a s  o f  the D i s t r i c t  o f  Gannaaor® have h ig h e r  

co n te n t o f  t o t a l  p o tash  than th e  d iseased  a ren a  o f  C u ilon  and 

E raak u las a t  both depths*

8. ealciuffl
th® t o t a l  oa lciu ta  sa d  ca cl.an ; c a b le  c a lc iu a  o f  th e  s o i l *  

frosa d is e a se d  &u4 h e a lth y  a r o s e  a re  p re sen ted  i a  t a b le s  % and XX*

tmhc X

G aU IB M  COS.XS33I O f SOXIn OF H M t a t  Afl» &I3eASi,D A SM S
,« Siso DiFf&ssu'i sanaa

(Sxp reaeed  #a p ercen tag e  o f  CaO oa oven dry feaaia)

Soil type 
&

D i s t r i c t

Depth o f  s o i l s

0 "  to  12 "
(Mean o f 20 aamg>Xcw)

h e a lth y  D iseased  t

12 " to  3 6 "
(fiesta o f 5  samples)

Healthy Diseased t

SABPT
5uil<m
Sraafculaa
Cannaoore

0 .0 9 0
0 .1 3 3

0 .0 9 2

0.081
0.118

1.12
1 .9 3
m

s.075
0.095
0.078

0.05%
0 .0 ?  7

1.09
2.08***

Sean 0 .1 0 5 0 .1 0 6 0.76 0.082 0 .0 6 6 a. 10**

JAfgRIES
Q uilon 0 .1 2 6 0.101 1 .8 % *** 0.091 0.081 1.03
SrtiakulAC 0 .1 2 3 0.11% 0.09 0 .0 9 5 0.081 2 .8 0 * *

Gantumore O .105 m - 0. 08? - -

!iean 0.120 0.106 1.32 0.091 0.081 1.6b
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It can bo eeen froa these tables that the Jf01*6aluble 
celcluia and exchangeable e^lciua are higner in seals of healthy 
arsee as coajared to diseased area® an ail ceils even though the 
higher values are net significant in snay cases. Significant 
higher values were obtained in respect of leterite seals of 
^tulon distract at 0” to 12" depth and sandy and laterito soils 
of SraakolaiB district at 12” to 36*' depth.

M & £  XX

&:mii-,msA3th Cfioxm cosswi of sans or iieamm m s 
su&mno mi&s «  w o  p i p f e m t  bcpih&

(Expressed an me/100 g, of soil on oven dry basis) 

Depth of poalo
Soil type \--~~Z7Z7 z«

Biotriet (nsea of 20 aa® ^ s>
iKealthy Diseased t

12" to 3&"
(Mean of 5 saaplee)

Sealthy Diseased

fiABSg
©uilon 2.03 1«99 0.41 1.48 1.26 1.31
Ira a lsa la o 3.28 2*?1 1.52 1.30 1.16 1.12
Oanaaaore 2.39 - - 1.96 - -

Moan 2.36 2.35 0.95 1.58 1.21 5.O0**

lAimsB
Quilen a .8 3 2.38 I.d}*** 1 .54 1.09 2.64r*
Eraekulau 2.80 2.62 0.63 1 .0 4 0.98 0.06
Canaanore 2.49 - - 1.54 « “

Mean 2.70 2.50 1.20 1 .5 7 1 .0 4 2.9?**
m m m mm*# «*«*«#»«■ e»o«<MWl0»4&«0«a>OOOWOOOOM 1«»9?i1fIt(119fi«!
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She higher values of e&chanseable calcium are elguifieant 
only in reapect of laterite soils of Qulloa district at both 
deptha. the sseaa values for then* too soils under the two group* 
of districts showed higher content of available potash in healthy 
areas at 12” to 26" depth.
9. Baasalaa

the nagneaiua content and exchangeable »a*neaiwa of the eoilo 
are presented la tables H I  and SIXI.

SABIB XXX

maqbsmok eoasstwc or sons or nm um a»b mas&sm arsis 
as ®.o oiyrassHS shots

(Expressed as percentage MgO on oven dry basis)

Bepth of soils
Soil type 0n i2» 12« to 26«*
District (Keen of SO samples) (Mean of 5 saaples)

Healthy Diseased t Healthy Diseased t

SASfBf
quiloa 0.074 0.065 2.03** 0.065 0.060 8.94
hraaholaa a.092 0.879 2.29** 0.060 0.059 0.30
CsnsaBore 0.071 - - 0.060 “ *•

Kean S.0?9 0.0?2 1.91*** 0.062 0.060 0.55

pnSXS*
quilon 0.096 0 .6 8 1 1.96*** 0.054 0.047 1.26
iraaJtalafs 0.110 0.094 1.89*** 0.058 0,049 1.53
Gannaaore Q.&59 - - O.Q&J ss “

Kean O.OSg 0 .0 8 ?  0 .2 2  0 .0 6 0  0 .0 4 8  2.;>0**
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The soile fro» areas of healthy plantu toad a Significantly 
higher Magnesium content in both soil types of Quilon and £rm- 
toulaa districts at 0" to IS” depth* The mean value for magnesia 
'-ith reBject to sandy soils under the two groups of districts 
was also significantly higher for healitby areas* However the 
higher content of magnesia at 12” to 36" depth is not significant*

TABLE XIII

EXCHANGEABLE MAGNESIUM CGhTEhT OF oOILo Of HEALTH! a»D 

DISEASED ABLAo AT T?*0 DIFFERS BSfTdS 
(Expressed in ae./lQQ g. of Boal on oven dry basis)

Depth of soils
Coil type 

&
District

0” to 12”
(Mean of 20 samples

12" to 36"
(Mean of 5 samples)

Healthy Diseased t Healthy Diseased t

SAHDS
Quilon 0.33 0.31 0.78 0.26 0.10 10.90*
sraatoulam 0.37 0.33 0.82 0.30 0.17 4.50*
Cannanore 0.4g - - 0.43 - -

Mean o.to 0.32 2.90* 0.32 0.13 4.4s*

L/lT&RXTE
Quilon 0.42 0.39 0.66 0.30 0.29 0.42
Srnakulaw 0.59 0.50 1.94-1** 0.40 0.38 0.82
Gannanore 0.47 - - 0.53 - -

Mean 0.49 0.45 1 .7 5 o.4l 0.34 2.07**

The sandy and laterite aoile of healthy »rea.3 have a saean
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value of 0.079 percent and 0.083 percent of SMgaeein. content as 
compared to 0 .0 7 2  percent and 0 . 08?  percent in diseased areas 
respectively.

Significantly higher values for exchangeable magnesium «re 
t.een in rospeet of laterite soils of Xrnekulam district at 0" to 
12" depth and sandy soils of hota dastricts at 12" to 36" depth.
She healthy areas of Gaananore have higher contents of exchangeable 
magnesium compared to the soils of the other two districts. The 
«sean values for all the districts tefcen together show a signifi­
cantly higher content for healthy areas in sandy soils at both 
depths and laterate soils at 12" to 36" depth.
11. leaf analysis

The results of cheoioal analysis of healthy and diseased leaf 
samples collected from the districts are presented in Tables XIV 
to XIX.

TuBLo XIV
.vXTBOau* CGhTwU? or hUu Di.MShD ICftF SaMPI .a

{impressed as percentage N on oven dry basic)
-------------
1 Soil type
i &
1 District

loaf samples 
(keen of 20 samples)

wealthy | Diseased
I

t 3

m m
2.30++■gallon 2.10 2.21

-irnax.ulaa 2.86 2.92 0 .9 6
Cannanore 2.06 - -
Mesa 2 .3 5 2.56 2.63**

LaTEMTS
Quiloa 2.76 2.8? 3.b9+
Crnukulaa 2.78 2.86 3.h0*
Cannonore 2.52 - -
Kean 2.69 2.<$d 6,78"*
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The data presented ia table lit sho« a higher eantent of 
nitrogen in diseased leaf aaaplea a® compared to healthy samples* 
®»e Higher V’slv* is significant ia ail areas except leaf samples 
froa sandy soil ef S5rcdltuls» District* She moan values of 
nitrogen content of oil the Districts takes together also 
recorded a significant higher content, fha nitrogen percentages 
is diseased samples frets sandy and laterite noils are 2.56 per­
cent and 2*88 percent end those of healthy samples are 2*35 per­
cent and 2.69 percent respectively.
2. Phosphoric acid

f JtSOS XV
paoapHOMC acid cosmat of asAX®nr a s s  disbaseb im p  t s u r n

(Sxprceaed as percentage P^O^ on dry basis)
es *» •»*•«•■» «»«■«• ssa»ss«»afr«ii*^'V«»ss*»sese«fli

Soil type
ft

District

leaf samples 
(Mean of 20 samples)

IHealthy Diseased

SftSPX.
Quilon 0*50 0.56 2.6?*
SraaknlaE 0.53 0.62 5.70*
Sannenore 0.3? - -

Kean 0.4? 0.59 8.90*

m m s s .
gallon 0.52 0.76 15.00*
Srnskulan 0.48 0.53 6.50*
Cannanere 0.39 - “

Kean 0.46 ©.65
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In  te a  e a se  o f  p hosp horic a c id  c o n te n t to o , the d iseoeed  

l e a f  aaispj.es frost a l l  the a r e a s  have h ig h e r  v a lu es and th e  

d if f e r e n c e  i s  s i g n i f i c a n t .  She d ise a se d  sam ples have a  p hosp horic 

a c id  co n te n t o f  0 .59  p e rc e n t and 0 .6 5  p e r c e n t  a s  compared to  

0 .6 7  p e rce n t and 0 .6 6  p e rce n t i n  h e a lth y  sam ples from sandy and 

l a t e r i t e  a r e a s  r e s p e c t iv e ly .

?•
SABI,© XVI

POTASH C O B im  ©F H6A&SBX AhO 01SEA4E& lEAV dfthTiSh 

{Cstpresaftd a s  p ercen tag e  K^O on dry b a s is )

1 B o i l  type 
I it 
I D i s t r i c t

l e a f  sa a p le a
(Mean o f  30 s a a p le e )

|"anal thy D iseased

sahib?
( Ju lio s 3 .3 9 5 .0 8 18 . 00*

hrnahulas 5 .6 6 6 .6 5 6 .3 0 *
Cannnnoi-e 3 .6 3 - -

Kean 3 .9 2 5 .8 6 6 .0 0 *

LMERUS
% uilcn 5 .6 8 6.26 5 .3 0 *

Srnsko.l*.a 5 .5 1 3 .9 7 5. 80*

Gaimanore 3 .8 8 * -

Kean 5*56 6.10 8 . 5 *

I S  i e  seen  from th e  d ata  p re sen ted  i n  te h le  XVI th a t  

p o tash  i s  h ig h e r  in  d isea sed  l e a f  s s e p le s  f r o a  both s o i l  ty p e s .

t
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The higher values are significant* The mean values of potash in 
diseased samples from sandy and laierite soils are 3»S6 percent 
and 4.10 percent as against 2.92 percent and 3.36 percent in 
healthy samples respectively.
4. Calcium

TABLE XVII

CALC10M CONTENT OF HEALTiflf AND DISEASED DEAF SAMPINS 
(Expressed as percentage CaO on oven dry basis)

Soil type 
&

District

Leaf samples 
Healthy Diseased

t

SAHBT
Quilon 0.67 0.5k 2.70++
Ernakulam 0.59 0.48 3.90+
Canaanore 0.67 - m

Mean 0.64 0.51 5-lo+

IiATERITE
Quilon 0.62 0.52 3.60+
Ernakulam 0.63 0.57 2.56++
Cannanor© 0.66 - -

Moan 0.64 0.54 4.30*

Table XVII presents the data on the calcium content of 
healthy and diseased leaf samples. The calcium content of the 
diseased leaf samples showed significantly lower values
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as coapared to that of healthy leaf samples.

x v m

HlQSSSXUil COBTSBT OF 80/O.TH* AMD DISEASED tUAf i>MUh£$ 
(Expressed as percentage HgO on oven dry basis)

Soil type Leaf aaaplss
&

District Healthy Diseased t

SWISS

auilon 0.462 0.413 2.42**
Hrnaknlam 0.531 0.461 3.40*
Cahsanore 0.332 - •

Mean 0.442 0.43? 0.30

L#TSSIS0
Suilon 0.459 0.403 1.60
Ernakulam 0.461 0.432 0.50
Cannanore 0.443 - -

Mean 0.455 0.417 2.38**

The aagneelu/s content of leaf samples analysed are presented, 
in Table XVIII. The sagnesxa content is higher in healthy leaf 
sample8 compared to diseased amaplea. However the difference 
Is not statistically significant in respect of samples from 
laterite soil.
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6. Calcinm ♦ Magaesiaa/BotasielMia ratio

TABLE XXX

catcxffi! * mm«bs£Oiv'K3Tassx0M bams o? a m  m o  
m s s m m  lea? s m p l s s

Sail type 
&

Bistriet

SMmi

Leaf samples 
Healthy Biaeessed

Qoilon Q.k9 0.31
Sraafealajs 0.32 0.20 3.30+
Cannaaere 0.35 “ -

Hecia 0.39 0.23 6.50*

Ltf saiss
Qiulon 0.23 0.23 5.304"
Krnakulaa 0.3k 0 .25 k.8Q*
Oaaaaaore 0.38 * •

Mean 0.33 0.3k 8.00*
• t W N O S S e S M S M M M M M H W S >«•*»*» ««*«lk«><PHW m«mm m m «•«»«••»

fhe data presehted in fable XXX give the calcium ♦ Magnesium/ 
fotaeais® ratio* She ratio is seen decreasing from healthy to 
diseased leaf sanglee and the difference is statistically 
significant.
XIX. Pet oatpeglacafc

Growth aeasureaoats such as height of the pleats, number of 
leaves, length and width of leavet, sere taken on all the 30 plants

mailto:fi@a2.tUy
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under til# five treatswfita. The tiae taken far the appearance of 
aymptoKS wan also recorded,

the data presented in fables XX and XXX give the growth 
measurements of plants, nssaely, height of plants sad nuaber of 
leaves on the day of relonso of aphids.

n m x xx

xmttas Bhxsaf or pla n ts is on. ox ras sax or 
Mmm&E or aphids

w*e4»«*4w •>*•«» oMsoweseŝdww
freotaent

A ,  ( C o n t r o l )

8. (B.P.K)
S . (h.p.k. + Qa)
a. (K.i?,i£. ♦ «g)
&  (K.P.K. ♦ Sa + %)

Average height of 
plants in ca,

76.7
93.6
81.3

87.0
91.0

Critical difference * 9.99
B E D O  A

She plants under treatment 8,B snd H are not significantly 
different in height, do also the difference in height between 
£,& and S x » not significant. Tae height of plants under treat- 
sent B ia hoBcver significantly different froa plants under 
treatments C and A.
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A V S M M  BlIMBfcJ? OF ISAVSS OH ’Sit, BAS UF HHUASB OF APHIBS
t a bu: xxi

Treatments
Average Ho. 
of leaves

At (Control)
B. (H.f.X)
C. (H.P,£. + Ca)
S. (B.P.K. + Mg)
S. (H.P.K. * G* ♦ Mg)

7.53
7.33 
3.30
8.33 
8.6?

Critical difference; 0.91

* c 0 8 A

The plants under treatment £,C and 0 Hove more number of leaves 
as compared to plant under treatments B end A. However there
is no significant difference between treatment© S,0 and D.

Disease symptoms appeared in ell the plants under different
treatments. However there is variation in time taken between

\treatments in the appearance of symptoxs.
The table XXII presented gives the average number of

days taken for the appearance of symptoms after release of aphids.
Of all treatment combinations studied, treatment £, namely 

b.P.JE. ♦ Ca * Mg delayed the incidence of the d isease  to tae 
greatest extent, ie., 23 day® over n.r.it. treatment. The time 
taken far appearance of sympfcoB* la treatment & Is significantly
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different frow treatment a , C and B.
frtBtS XXII

A«,aft0i£ HWBSH OF BA*S MSI! FOB AfVSABAMJS 01- SfMFfaMS
a r s  HSMiAsa or aphids

Treatments Average number of daya taken 
for appearance of symptoms

A. (Control)
B. (K.P.K)
C. (H.P.K. * Calcium) 
S. (K.P.g, ♦ Kg)
S. (H.P.h. + Ca ♦ Mg)

Critical difference:
S D A G B

56.30
3 0 .0 0

3 0 .2 0

62.?0
53.00

1 2 .8 2

The plentc under treatment 0 snowed delayed appearance of symptoms 

over treatments A, G, «n<i B, but the delay is however not signifi­
cant. The difference between the time taken by >3 and i>, although 
not significant, is approaching significance.

VABhS Mill
AVER ASS 080Wm MEASB8E‘iS.H2& OF H.4HT& AS TIBS 0P AP* EABAHCS 

OF 8XKKE0MS aHD AS THS FIBflL OBSERVAllOR
Average growth conditions at Average growth condition at 
the time of noting symptoms final observation

Treat­
ment Height

in cm
Ho. of 
leave®

length 
of leaf 
in cm

Sldth
of
leaf
cm

Height
of
plants
cm

Ho. of Length aldth 
leaves of Of

leaves leaves 
cm os

A. 116.0 12.2 102.3 68.8 118.8 17.7 61.8 17.5
S. 139.7 11.8 1 1 8 . 2 52.2 162.3 18.8 57.3 15.2
0. 138.0 13.2 112.0 50.2 130.7 20.6 65.2 15.0
0. 137.0 16.2 123.3 51.8 160.S 19.8 78.3 23.0
a . 161.8 1 6 .i 135.7 58.7 102.O 20.2 96.2 31.5

From the above data, it can be seen that after the appearance
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of the first ayaptoaa, further growth is redueed or almost 
curtailed, and si.ee of leaf both In length and width was also 
reduced considerably.

The analysis of leaf samples, fro® the potted plants under 
different treatments for calcium and magnesium is presented in 
tables XXIV and XXV.

TAStS XXIV 
etysim  coHT-iiss or l&ap ami les 

(Expressed as percentage on oven dry basis)

Srea.taaniB Average uptake of calcium 
as 0a©

At (Control)
B. (tf.f.K.)
G. (N.P.K. * Ca)
B. (N.P.K. + Hg)
£. (H.P.K. + Ca + Hg)

1.10

1.24
1.44

1.21

1.60

Critical difference: 0.12
B C B D fi

The uptake of calcium in treatments E and C is seen signifi­
cantly different from that in treatments B,B and A. The differ­
ence between 4 and G ia also significant. So significant differ­
ence is seen between treatments 2 and B and between D and A. But
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uptake in treatment B is significantly higher then in A.

TABLE XXV

HA6HE8IHM COHTLKT OF LEAF SAMPLES 
(ffixpreaoad as percentage on oven dry basis)

Treatments Average uptake of Magnesium
ae SlgO

A. (Control)
B. (N.P.E)
C. (M.i-'.K. * Ca)
B. (H.P.X. + Kg)
S. (H.P.K. * Ca * Kg)

0.346
0.332
0.404
0.604
0.56a

Critical differences 0.093 

i n  C B A

'£he Leaf analysis under treatments 3 -aid £ showed signifi­
cantly higher values for the uptake of aagnesius than treatments 
C, B and A. However there is no significant difference between 
treatments 0 and E.
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•i&&m mrt

i m m m  Qm$m m  ssm ar m?hw&hs

Sate of
aeaaare-
oents

'iToataeDta
6

X y X y * T X t X I

20-12-62 53.3 . 3.7 59.3 3.3 55.8 6.3 59.5 6 ,3 63.7 6.3
27-12-62 60.5 5.3 71.0 5.2 62.7 6.2 68.0 6.2 72.3 6.2
3-1-63 6S.3 6.3 83.2 6.3 72.8 7.3 78.2 7.2 80.5 7 .5

10-1-63 76.7 7.3 95.8 7.3 81.3 8.5 8?.2 8.3 91.0 8.7
17-1-63 82.2 8.3 101.2 8.3 87.3 9.5 92.2 9.3 96,8 9.7
26—1—63 91.0 9.3 112.2 9.3 98.0 10.5 106.2 9.7 108.7 10.7
31-1-63 100.0 10.3 123.5 10.3 113.7 11.? 116 .0 11.3 121.8 11.5
7-2-63 108.0 11.3 136.3 11.3 125.8 12.7 129.7 12.3 137.2 12,5
16-2-63 116.7 12.3 139.7 12.5 129.0 13.8 136.8 13.3 165.5 13-7
21-2-63 118 .8 13.3 163.3 13.5 130.3 16.8 138.2 1 6 .3 152.3 16.7
28-2-63 118,8 13.8 163.3 16 .5 130.3 15-8 138.7 15.3 156.2 15.5
7-3-63 118 .8 16.5 163.3 15.2 130.7 16.8 139.0 16.3 138.3 16.3
16-3-63 118 .8 15.3 16 3 .3 16.0 130.7 17.8 139*3 17.0 160.3 17.3
21-3-63 118.8 16.0 163.3 17.0 130.7 18.7 139.7 18.0 160.8 18 .2

28-3-63 118.8 17.0 16 3 .3 18.0 130.7 19.8 160.2 l8.3 161,7 19.2

6-6-63 118 .8 17.7 163-3 18 .8 130.7 20.8 I6Q.5 19.8 162.0 20.2

1««1I111 — . — — —

Botes X - Height in e».
I * fiaraber of leaves
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TABLB XSWI(a)

AVERAGE OH O fttH  H E SS B B SM H T S AT « t  IS S S 8 t?A U J

i

Gat* og
aeaeura-
aanta I *

i; a 0 1 0 £ _______ I

. . .  ,, r. ,r -  mum
t, 1 w t I * & i ® b » X. w i

20-12 -6 2 48.3 25.0 5 2 .0 27.0 52.0 26.0 55.2 27.8 59.7 29.7
27-12-62 53.7 27.2 6 5 .3 31.8 5 8 .2 29.2 6 1 . 3 30.0 67.3 33.0
>1-63 63.0 31.7 7 4 .5 35.3 67.3 33.3 73.5 36.7 74.3 33.5
10-1-63 73.3 3&.7 8 6 .5 44.3 78.8 38.8 83.7 42.5 85.3 44.5
17-1-63 8 1 .0 42.0 9 3 .7 46.0 89*0 40.3 88.2 43.7 91.7 47.3
24-1-63 88.7 43.7 109.8 47.0 92.0 45.2 97.8 45.5 100.0 47.2
31-1-63 96.0 45.5 109.0 49.1 102.3 49.1 10 8 .2 48.8 113.2 51.0
7-2-63 100.8 46.8 114.3 51.3 108.2 52.3 115.5 53.0 121.0 54.2
14-2-63 103.5 48.8 1 1 6 . 7 45.3 108.5 42.7 106.2 45.0 130.2 56.2
21-2-63 92.0 39.8 95.3 31.8 87.3 30.3 110.0 42.5 136.0 6 0 .3

28-2-63 88.9 36.0 71.0 17,0 79.0 20.2 100.3 36.0 12 3 .0 49.8
7-3-62 75.7 23.5 74.2 18.7 72.5 17.5 8 3 .2 26.5 116.3 43.7
14-3-63 67.2 19.3 65.7 16.8 70.0 17.2 82.5 26.5 113.7 <*0 .7

21->63 65.5 1 8 .9 62.2 16.3 68.7 16.7 82.0 26.0 110.3 38.8
28->63 62.7 1 8 .2 60.2 15.7 6?.0 16.0 80.5 25.5 103.5 35.3
6-6 -6 3 6 1 .8 17.3 37.3 15-2 65.2 O

«

r 78.3 23.0 96.2 30.2

SofcoJ %, «  tangth of leaf in ea
8 - width of laaf an ee.



eisciissiOES or rssolts

Though it is widely accepted that the disease "Bunchy "op", 
threatening the destruction of one of the premier horticultural 
crops of Kerala, is caused by a virus, it has to be adiaitted that 
the environment and soil characteristics do exert e certain 
influence on the incidence end spread of the disease. In the 
present investigation, detailed studies were made on the chemical 
characteristics of soils and leaf samples from both healthy and 
diseased areas.
i» Physical condition of soils in relation to the disease

It was observed during a rapid survey of the areas selected 
for the collection of soil and leaf samples, that the incidence 
of the disease is more prevalent la low lying areas subject to 
water logging. The enquiries made in these areas also showed 
that banana gardens which have been allowed to continue for 
several years from the date of planting, are mare susceptible 
to the disease than those that have been retained only for a 
few years. In fact, the results obtained in the investigations 
conducted; by Bryce (1921) have shown that "Bunchy Top" disease 
was much more prevalent la bonano fields allowed to run on 
several years from the date of planting.
2. Boil reaction (pH)

The results of study of soil reaction presented in table 1 
indicate that the disensed areas are more acidic ecapared to 
healthy areas. In the case of sandy soils, there is no appreciable 
differences in soil reaction, but the difference is acre pronounced
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la laterite soils* The acidic reaction of the sites of diseased 
plants show# that it may have a contributing effect on the in­
cidence of the disease* Similar observations sere recorded by 
Verghese (193^) and Menon (19h6-5h) in their investigations on 
the incidence of root and leaf disease of coconuts*
3* Kutriant status of the soils in relation to disease

Butrient status of soils contribute® to a very large extent 
the orienting factor in many disease®. Adequate nutrition free 
a favourable root environment eould maintain the plant in a 
healthy state with greater disease resistance. The growth of 
plants is so profoundly influenced by soil conditions that it 
can safaly ba assumed that these also exert a powerful effect on 
infection by virus diseases* The nutrition of the host plant 
may affect reaction to infection, susceptibility to infection 
and in the field, chances of infection, by creating conditions 
favourable for the activity of vectors.
1. Organic carbon and organic matter

Data on the organic carbon content of the soil from the 
diseased and healthy regions presented in table IX show that 
diseased areas are richer in organic carbon.

Significantly higher contents of organic carbon and organic 
matter are noticed in diseased areas in respect of sandy soils 
of both Quilon and Ernahulam Districts and laterite soils ol 
Qullon District, indicating a possible contributing influence 
of organic carbon in the incidence of the disease.

Since severe infection ha® bean observed in water logged 
areas and in gardana in such localities where banana crop is
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grown continuously over a period of years, it would appear that 
the possibility of injurious substances being produced fros orga­
nic matter and their accumulation in the soil under the poorly 
drained conditions, may also be a predisposing factor in the 
incidence of the disease, 

ii, Wlfcroxen
The role of nitrogen in luxuriant vegetative growth is well 

recognised. The cells become, more succulent and pliable and the 
tissues bacons more susceptible to attack by organisms causing 
diseases. Many investigators have reported that excessive nitro­
gen is a decisive factor in favouring the incidence of many fungus 
and virus diseases of plants. JanBeen (1929), Spencer (1935) 
and Bandera and Kassania (19^8) have mads observations that suscept­
ibility to virus diseases increased in the presence of more nitrogen. 
The findings of Jensen (1921) showed that increasing nitrogen 
increased both aphid population and susceptibility of potato plants 
to infection by leaf roll viruses. The field observations recorded 
by Wardlaw (193?) on the incidence of "Bunchy Top” disease also 
clearly reveal the role of high nitrogen in the incidence of this 
disease.

The data presented in table IV show that the nitrogen contents 
of the soils takes from infected arose are high in comparison to 
healthy ereae, although the difference is not significant, 

ill. Carbon-nltroaen ratio
The results obtained (Table V) reveal that the soil samples 

from sitea of diseased plants have higher carbon-nitrogen ratio 
compared to sites of healthy plants. However the higher value is
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s i g n i f i c a n t  o n l y  l a  r e s p e c t  ■ o f  s a n d y  o o i l s  o f  Sraakttlaai l ^ l e b r i e t  
« t  G n  t o  l a 11 d e p t h .  ■ ffao » e a »  v a l u e  f o p  © a r b o n - n i t r o g e n  r a t i o  f o r  
o i l  t h e  d i s t r i c t s *  t a k e n  t o g e t h e r  « a s  a l s o  h i g h e r  l a  d i s e a s e d  a r e a s  
w i t h  r e s p e c t  t o  s a n d y  @ © 1 1 .  * .

i v «  f f a e s p h o r a e  .
ifitb t h e  p o s s i b l e  e x c e p t i o n  o f  n i t r o g e n  a ©  o t h e r  e l e m e n t  h a s  

b e e n  f o u n d  t o ' b e -  s o  c r i t i c a l  f o r 'p l a n t  g r o w t h  In. t h e  f i e l d  a s  
p h o s p h o r u s .  P h o s p h o r u s ,  -being; a  m a j o r  p a r t  o f  t h e  n u c l e u s  o f  c e l l s ,  
b e c o m e s  m  e o s e a t l & i  e l e a e n t  f o r  t h e  m u l t i p l i c a t i o n  o f  v i r u s e s  i n  
h o s t  c e i l s  e n d  a n y  i n c r e a s e  s u s c e p t i b i l i t y  t o  v i r u s e s ‘a n d  o t h e r  
d i s e a s e ,  a g e n t s .  •

T a b l e  ' T O  g i v e s  t h e  d a t a  f o r  a v a i l a b l e  phosphoric a c i d  I n  t h e
■ N

■ s o i l s ,  t h e r e  i s  a  h i g h e r  c o n t e n t  o f  a v a i l a b l e  p h o s p h o r i c  a c i d  i n  
s o i l s  f r o ®  d i s e a s e d  a r e a s .  .

t h i s  i s  a l s o . t r u e , o f  t h e  v a l u e s  f o r  t o t a l '  p h o s p h o r i c  a c i d ' 
p r e s e n t e d  i n ' f a b l e  ? f  i n  r e s p e c t ' o f  s a n d y  s o i l s  © 1  E r n a h u i a m  
M s f r i e t *  M i h  r e g a r d '  t o  l a t e r i t e  s o i l s ,  h o w e v e r ,  t h e  r e v e r s e  i s  
t h e ’ e a s e .

t e a t s !  ~ . ■ f . /  ; . ;
S T o m  t h e  d a t a -  p r e s e n t e d  .in t a b l e  V I I I  i t  m i g h t  b e  s e e n  t h a t . 

t h e  t o t a l  p o t a s h  c o n t e n t  i s  h i g h e r  i n  s o i l s  f r o m  . s i t e s  o f  h e a l t h y  
S l a n t s '  i n  s a n d y  a n d  l a t e r l t s  s o i l s  O f  % * i l © t *  b i s t r i c i .  ' H o w e v e r  ’ / 
m h i g h e r  p o t a s h  c o n t e n t  i s  n o t i c e d  i n  d i o a a e e i  a r e  a n  o f  S r n a k u l a s  
^ s t r i c t  a t  © «  t o  .ltH  . d e p t h . . -there, i s  a- h i g h e r  c o n c e n t r a t i o n  of. 
t o t ® ! . a n d  a v e l l a b l e  p o t a s h '  i n  th®. h e a l t h y . a r e a s  © f  s a n d y  a n d  ■ 
i n h e r i t s  S o i l s  <sf d a m i a a o r ®  M e t r i c  t *  'The a v a i l a b l e  p o t a s h  c o n t e n t s  
’Cfafeie 1 1 1  i s  h i g h e r  i n  h e a l t h y  a r e a s  o f - b o t h  s o i l  t y p e s  s t u d i e d .  '



It has been reported by a any investigators that potasaz.ua 
is responsible for increasing resistance of certain crops to speci­
fic diseases. It is net known definitely vmether potassium enables 
the plants to withstand attacks of organisms or whether organisms 
become established more easily in potassium deficient plants.

Potassium promotes the developrent of thicker outer walls in 
tae epidermal cells and firm tissues which are less subject to 
collapse. More plant diseases have been retarded by the use of 
potash fertilisers than any other substances.

Haley and Keid (1943)i Tisdale and Dick (1942), Hoffar (1949) 
and Patel and Kair (1936) have resorted the xole of potassium in 
reducing the inoidency of diseases caused by fungi.

Janssen (1929) reported that deficiency of potash favoured 
aphid reproduction and spread of virus diseases. She findings of 
Broadbeat (1952) showed that applications of muriate of potash 
decreased tho aphid population* According to Spencer (1933) 
potassium decreased susceptibility to virus diseases at levels 
that increased groeth. Sawden and Kasssnis (1948) found that potaah 
had little effect on resist »nce to tobacco moseic virus. Bryce 
(1921) haa stated that "Bunchy Pop" disease in Bonin Islands was 
definitely ascribed to deficiency of potash in the soil and appli- ' 
cation os potash manures greatly reduced the incidence of the 
disease*

The finding of Brun (1934) confirmed the conclusion that blue 
disease of banana la due to an unbal need potasaiun-migneeiua ratio. 
Mention has been made in the annual report of Gamaroone.* Development 
Corporation (1957) that crown disease and little leaf disease of
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o i l  p a l a s  w e r e  n o t i c e d  9k m  p o t a o s i u e i  warn a l o n e  a p p l i e d  O a t  t h i s  
w e e  e o u n t o r  b a l a n c e d  b y  t h e  a d d i t i o n ' o f  S K i g a e s l u ®  (H.&.i*!. I f 56)* 

' f a i r  ( 1 9 6 1 )  r e p o r t e d  t h a t  a a n u r i n g  o f  r u b b e r  s e v e r e l y  a f f e c t e d  
b y  d i e h & e k ,  w i t h  h i g h  d o s a g e  o f  p o t a s h  a l o n g  w i t h  n i t r o g e n  © u p p r e s - *  ■ 
© e d  t h o  d i s e a s e  and i n c r e a s e d  t h e  y i e l d  o f  r o b b e r *  ■

tis&el .m  i s  a n  e s s e n t i a l  e l f  m e a t ,  i  a  p l a n t  t i s s u e s  a n d .  &  d e f i *  
o i e n e y  o f  t h i s  i o n  s o o n  t t a n f f *  ‘the. s e o h i u s i s i n  o f  u t i l i s a t i o n  o f  
a H  o t t j o r  n u t r i e n t  i o n ® .  4 ' l a r g e  p a r t  o f  t h e  e a l c i m a  i n  m o s t  s t o a t *  
i s  .jire®0iit: l a  I s a r s s *  I n  c o n t r a s t  t o  p h o o ^ i © r » ©  a n d  p o t a s h *  o l d e r  
l e a v e s  h a v e  s e r e  e a l c i u s  t h a n  y o u n g e r  l e n v e s ,  a e  s n o b  o f  t h e  o a l c i u n  
is- p e r a n n e h t i y  f i r e d  i n  t h e  c e l l  w a l l s  a s  S a l e i u s s - g s e e t i e  e o a p o n e n t ©  ' 
o f  t h e  m i d d l e  l a a s s l l a .

t h e -  d a t a  p r e s e n t e d  i n  f a b l e ®  I  a n d  I I  © f e w  t h a t  t h e  © O i l ®  f r o ®  
S i t e ®  o f  h e a l t h y  .plaints i n  b o t h  i a t e r f t *  a n d  s a n d y  a r e a ®  © b o w e d  
a  h i g h e r  c o n t e n t  o f  t o t a l  c a l c i u ©  a n d  e x c h a n g e a b l e  c a l c i u m .  S o w -  - 
e v e r  t h e  d i f f e r e n c e  i s  n o t  s i g n i f i c a n t  i n  l & t e r l t e  © o i l s  o f  M k t e  ■ 
l a s  S i s t r i c t  a n d  s a n d y  © o i l ©  o f  b o t h  i r n a f c u l a ®  'and. t u i l o a  D i s t r i c t s  
a t , 0*‘ t o  -lZn d e p t h * ,  t h e  m&n v a l u e ©  o f  t o t a l  e a l c i u *  a n d  e x c h a n g e *  
e b l e  e e l e i u *  f o r  a l l  t h e  d i s t r i c t s  t a k e n  t o g e t h e r  e r e  h i g h e r  i n  
h e a l t h y  a r e a s .  ■

the. r e s u l t *  o b t a i n e d  i n  ttj® p r e s e n t  s i a #  i a  i a  coni'oraifcy 
w i t h  t h e  r e s u l t s  r e p o r t e d  b y  P a n d e l a i  e h  e l  i n  r e s p e c t .  o f
r o o t  ( s i l t )  d i s e a s e  o f  c o c o n u t s ,  t h e y  r e p o r t e d  t h a t  t h e  h o t e l  
e a l c l t m  and e x c h a n g e a b l e  c a l c i u a  w e r e  l o w e r  i n  d i s e a s e d  a r e a s  
c o s p a r e d  t o  h e a l t h y  a rea©..
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vti. Magnesium
She present study revealed (Sable All and XIII) that eoila 

from she sites oX healthy plants are higher in total and exchange­
able magnesium compared to diseased areas* She surface soils of 
healthy areas are found to ooafeain significantly higher content 
of total magnesium. <5ith regard to exchangeable magnesium, 
significant higher values are seen in laterite soils of Srnakulaa 
District at O'* to 12" depth and sandy soils of both District* at 
12" to 36". T»e w,eon values for exchangeable magnesium for all 
the Districts taken together were also significantly higher in 
healthy areas at 12” to 36" depth*

hale (1SW7) attributed chlorosis and bronzing of oil palate 
in certain localities of @eet Africa to the combined effect of 
potassium and magnesium. The tapering disease of coconuts has 
been attributed by Cooke (1930) to & possibly localised aagneslua 
deficiency. Pandalax et al (1938) have reported that magnesium 
content of the soil tends to show that total or exchangeable 
ssgnesiua has little bearing on the diseased conditions of 
coconut palma altnough a major symptom of the root diseased 
trees is the chlorosis of the leaves. They found that total and 
exchangeable magnesium content of laterite soils froa healthy 
areas were greater, the position being reverse in the case of 
sandy soils.

Mariakulandai and John Buralraj (1933} have reported higher 
magnesium content associated with healthy conditions of trees 
based on their study of orange decline. Brun and Champion (195*0 
nave reported that blue disease of bananas in french Guinea
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is associated with ssagneaiuo deficiency and demonstrated the 
effectiveness of magnesium in any fora, but chiefly as doloaut®. 
They have also indicated the importance of combining magnesium 
with potassium fertilisers.

Hutrient content of leaves
leaf samples collected from the healthy and diseased plants 

sere analysed for nitrogen, phosphoric acid, potash, calcium and 
magnesium. The results are presented In tables KIV to ill.
i. hitrogen

Comparative leaf analysis (table XIV) indicated tost the 
diseased leaves contained more nitrogen in both soil types. The 
diseased leaf samples from sandy area and laterite area contained 
2.4 to 9 percent and 5*6 to 6.7 percent aore nitrogen than the 
leaves from healthy plants of the respective areas. Toe higher 
content of nitrogen in the diseased samples is statistically 
significant in all eases except for the sandy soils of Krnakulam 
District. Toe results are similar to the findings of Vergheee 
(1961) who hse reported greater amount of nitrogen, to the 
extent of 5 to 13 percent, uniformly in all soil types of Kerala 
State subjected to the incidence of the root wilt disease of 
coconut.
ii. Phosphoric acid

The data presented in table XX show higner concentration of 
phosphoric acid in the diseased leaf samples collected from 
sandy and laterite soils, the difference in phosphoric Kcid 
content between diseased and healthy samples ia significant.



fii®. diseased leaf samples showed to 16.1 p e r c e n t  more phas* 
p h o r l o  acid ihaa the'.healthy' aasa’plea#

Verglieae C1961) repopted Higher content of ghodgliofic acid 
i n  t h e ' d i s e a j s e d  l e a f  © a s p i c s  in m M M m  to t h e  foot 
diseass ef coconuts and the iaorefeeis 'reported to- 1$ per**
c e n t  e v f r  t h e  . c o n t e n t  • i n  the h e a l t h y  e a a $ & e a # .  
i l l *  P o t a s h  /

, Tiw' . p r e s e n t  ■ study r e v  salad C t a b l e  Xfl) that' t h e r e ' is a ' ' 
bight? .eoaaeatratios *f potash ia the .diseased lea# ■ saa^ee .a* 
eo.sfared to healthy samples f r o ®  sandy* aad laierite soils of both 
âiiest end MmtfmZm Mstrifcta* and the bighe*. valua*. -are- „atatl«*, - 

a t i c e l l y  ■ e d g a i f i d s a t .  t h e  p e r c e n  t & g e  ■ i n c r e a s e  mmgm-£mm S$ t o  
55 percent in aaopleo f»o» sandy -eaila. and fro® f to 11 percent 
i a  laterite s o i l s *

.Similar studies by ¥argj&ese (1961) on foot (silt), disease of 
■e&mmt shomd higher mime for potash ffos 7 to'^f pereeat ia 
stiaeaaed leaf ©espies* MariakuXaadai end John. IttrairaJ <195®) 
reported higher contest of p o t a a a l m a  ia diseased saaples, mhicfe ■ 
increased in’increasing order of deterioration, 'in the case of 
orange decline* 
iv* Mae ■

;I d a ©  c o n t e n t .  o f  h e a l t h y  ‘l e a f  .eaiapXa* - w o #  f o u n d  t o  b e
s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  d i s e a s e d  a n e p l e a  i n  s a n d y  a n d  
l&teriie a  m m  ( t a b l e  I f l l ) .  tfc© i n c r e o . s e  i n  h e a l t h y *  © a s p i c s

■ 1

r a n g e s  f r o ®  16 t o  -20 p e r c e n t  i n  © a n d ?  s o i l s  'and f r o m *  f  to- 1 ?  
percent ia laierita a o i i s *
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*• ayeaaflfli
®i* data presented la table XVIII shoe a higher content of 

aagneaiuis in healthy leaf samples as coaj:ar<»d to diseased samples, 
and the difference ia significant. She Inereasa in aagneaia 
content ranges from 1.1 to 13 pareeat in sandy eoila and 6 to 
13 percent In laterite solie.

Vergheae et si (1961) reported that the values ef calciua 
and i’a{.nesiiJB Bare not consietent in the case of diseased and 
healthy leaf samples of coconut. Karlakulandal and John Surairaj 
<193&> found Uwt U u  aad magnesium contest of leaves percept- 
iblly decreased with the increase in tae deterioration of arangs 
trees.

fhe phm o m m  of accumulation of nutrients in the leaf saa- 
pies of diseased plants ray be due to inadequate traaslocation 
or duo to iaspairad physiological functioning. Increased res­
piration early in infection and alteration of the permeability 
of cytoplasm resulting, in slow diffusion of soluble substances 
have been reported as a result of virus infection. Increased 
enayae activity has also been reported la many cuss*. Bawdea 
41933) stated that the necrotic ayBftoasa produced by many 
viruses have profound effeot oa the eetaboliaa of their heat 
cells.
vi. Caloima ulus Heyneslua/Potaaslug ratio

i'rom tabl® ill it can be seen that there xa efgaiflcaat 
reduction in the calcium plus a*gtieeius/potesaltue ratio of 

'.diseased leaf sample® compared to that of healthy leaf samples. 
Similar results were also recorded by Kariakulandai and
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John P n r a l r & J  C 1 9 5 8 )  t o  r e s p e c t  o f  o r a n g e  - d e c l i n e ,
SuMsriatog^ the 'result© of aoil t o & f .  t o & l y s t o ,  ilia 

; f o l l o w i n g  picture emerges* In toe ease of nitrogen, to®' aoil® of 
dieeased & m m  m  well a®-to© diseased leaf‘sasjto® eon tain a _

V. g t e & t e *  f r © § 3 r t i © «  o f  .tftto c o n s t i t u e n t  t t o '  t o  h e a l t h y  a r e a s  ©ill 
h e a l t h y  l e a v e s *  in t o ©  e a s e  o f  p h o s p h o r ! ©  a c i d ,  t o ©  s s m ©  g e n e r a l  ■■ 
s i t u a t i o n  H o l d ® ,  « ± t o  a H i g h e r  e e a t e i i i  o f  P Q 0 „  b e t a  t o  t o d  s o i l s  '2 p  _
Of. d i s e a s e d  a r e a © ,  a s  w e l l  a s  i n  t o e  d i s e a s e d ' l e a f  s a m p l e s *  - h & t h  
r e g a r d  t o  . p o t a s h ,  t o t  s o i l s ' o f  h e a l  t o y  a r e a s  © o s t & t o  © o r ©  o f  t h i s  
c o n s t i t u e n t  t h a n  t o  d i s e a s e d  a r e  as,, a n d  t h e r e  1 ®  c o n s i d e r a b l e  
a e c u g t u l s t i o n  i n  t o o  d 4 s @ a . n © d  l e a f  ©ataple©.* • .

A n  e n t i r e l y  d i f f e r e n t  s i t u a t i o n :  . h o l d s  s i t a  r e s p e c t  t o  c a l c i u m  
a n d  © a g s s e i u s u  In. toe c a s e  o f  s o i l ©  o f  h e a l t h y  r e g i o n ® ,  h o  t o  © o n -  
s t i t u e a t s  m& s e e n  t o  b e  s i g n i f i c a n t l y  h i g h e r  t h a n  in s o i l ®  o f  • 
d i s e a s e d  a r e a ® .  ' ■ S h e  h e a l t h y  l e a v e ®  a l s o  c e n t a l a  s i g M f l c a a t l y  
h i g h e r  q u a n t i t i e s ^ o f  t o e  t w o  e l e m e n t s  e e & p a r e d  t o  d i s e a s e d  l e a f  
s a w p l o s *  -

'flies© data point t o  several interest lag' posisiMlittos* I t  I s  '' 
t ©  h e  a p p r e c i a t e d  that tli© total c o n t e n t s  of nitrogen, p h o s p h o r i c  
a d d  a n d  potash i n  -too s o i l s  s t u d i e d  mm by n o  a © a n s  at a  level 
t o  "he considered h ig h la. relation to toe fertility status, files® 
l o w  total levels' are incapable of ©eatrltmbio® any injury due t o  
%«e®ss^, a n d  to a t t r i b u t e  any relation b e t e e e n  the■q u a n t i t i e s  
of t h e s e  eleaeato to the soils s t u d i e d  'and the t o c l d e f t o e  of" - to© 
disease, will he. uB»®r»ntod. Sowuer, i t  is v e r y c l e a r  that s i t  ft 
t h e  i n c i d e n c e 'of ’ toe d t o e s s s ,  t h e  t r a u s l e e s t i o n  o f  n i t r o g e n ,  phospiiorie 
s e i d  a n d  p o t a t o  f r o m  t o ©  l e a v e s  4 ©  ‘oeverly affected, possibly d u e



to the physiological disturbance occurring ae a recult of the virus 
infection. It is also interesting to note that potassium eccuiaula- 
tlon occurs in the diseased leaves to a such greater extent than 
nitrogen and phosphoric acid, indicating that this element playa 
an important role, either before] during or after the incidence 
of the disease. „

By far the wist significant observation from the soil and leaf 
analysis data, is the unique role of calcium and magnesium. These 
constituents are invariably higher in the soils of healthy areas 
and invariably lower ia the diseased tissue®. !3o accumulation of 
these elements occurs In the diseased leaves, in striking contrast 
to the situation regarding nitrogen, phosphoric acid and potash.
It is therefore clear that either immediately before the Incidence 
of the disease or during infection, a drastic change has occurred 
in the absorption and tremalocation of calcium and magnesium in 
the plant. The exact period at which the disturbance occurs result­
ing in loser absorption or tnanslocation of these two elements needs 
further investigation. Ine result® clearly indicate that calcium 
and magnesium may hold interesting clue to a prevention of infection, 
and that the calolua + magne.xum/potcseiuo ratio in the leaves may 
provide a measure of the susceptibility of bananas to the incidence 
of the disease. This ia further brought out by the results of ex­
periments chore the disease «©s reproduced in healthy bananas nd 
the significant difference in the time-lag observed in calcium 
and magnesium tiials as compared to other treatments, between the 
date of release of apaids and the appearance of firofc symptoms 
(Discussed later).



S k o e r i i a s n t a l  ' O b s e r v a t i o n s
‘ . t h e  a p h i d ©  f o r  t h e  t r a n e m i a e i o n  o f  t h e  v i r u s  d i s e a s e  w e r e  

r e l e a s e d  i n  l e a f  © h e a t h  5 5  d a y s  a f t e r  p l a n t i n g  t h e  b a n a n a  s u c k e r s *
Th e  g r o w t h  c h a r a c t e r s  o f  t h e  p l a n t s  s u c h  a s  h e i g h t ,  n u m b e r  o f  ' 
l e a v e s  s a d  l e n g t h  'and w i d t h  o f  l e a v e s  s e r e ,  m e a s u r e d  a t  w e e k l y  • 
i n t e r v a l s ,  T h e  g r o w t h  m e a e u r e m e n t s  f o r  1 6  w e e k s ' a r e  p r e s e n t e d  
i a  t a b l e  1 S ¥ J  c a d  X k ¥ l C a ) *  I t  s h o w s  p r o g r e s s i v e  i n c r e a s e  i s  g r o w t h  
c h a r a c t e r s  i n  a l l  t r e a t m e n t s  t i l l  t h e  s y m p t o m s  o f  d i s e a s e  w e r e  
f i r s t  n o t i c e d *

The d a t a  p r e s e n t e d  i n  t a b l e s  X X  a n d  X I X ' r e v e a l  t h e  g r o w t h  
c o n d i t i o n  o f  p l a n t s  a t  t h e  'ti m e  o f  r e l e a s e  o f  a p h i d s  f o r  t r a n s ­
m i s s i o n  o f  t h e  v i r u s .  ' I t  I s  ' s een f r o m  ( t a b l e  X X )  t h a t  t h e r e  i s  
n o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  h e i g h t ,  o f  p l a n t s  i n  t r e a t m e n t s  
B , B  a n d  S .  S i m i l a r l y  t r e a t m e n t ®  fi,B a n d  6  s h o w e d  n o  s i g n i f i c a n t  
d i f f e r e n c e #  T r e a t m e n t  B  r e c e i v i n g  8 » K E .  a l o n e  s h o w e d  s i g n i f i c a n t '  
d i f f e r e n c e  i n  h e i g h t  o v e r  t r c a t a e h t s  C  ■ a n d  .&•

T a b l e  .1X1 g i v e s - t h e ' d a t a  r e g a r d i n g :t h e  a v e r a g e  n u m b e r  o f  
l e a v e s  aa a  growth c h a r a c t e r  a t  ■ t h e ‘t i m e  o f  r e l e a s i n g  t h e  a p h i d s *  
T h e s e  d a t a  r e v e a l  t h a t  t h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e  I n  t h e  
amber o f  l e a v e s  b e t w e e n  ’treatments 1 , 6  a n d  0  b u t  t h e y  a r e  s i g n i ­
f i c a n t l y  d i f f e r e n t  from t r e a t m e n t s  8  a n d  V U

T h u s  t a k i n g  t h e  h e i g h t  o f  p l a n t s  a n d  n u m b e r  o f  l e a v e s  p r o ­
d u c e d  a s  g r o w t h  c h a r a c t e r ® ,  i t  c a n  b e  s e e n  t h a t  t h e r e  w a s  a c r e  
o r  l e e s  u n i f o r m  g r o w t h  i n  t r e a t m e n t s  a n d  S a t  t h e  t i m e  o f
r e l e a s e  o f  t h e  a p h i d ®  a n d  c o m p a r e d  t o  B , C , B  a n d  $3 t h e  g r o w t h  i n  
t r e a t m e n t  A. w a s  p o o r *



Time t a k e n  f o r  t h e  a p p e a r a n c e  o f  is.vaiptQaa
. T h e  data. p r e s e n t e d  4 a  f a b l e  i l l !  s h o w  t h e  t i n e  t a k e n  f o r  t h e  

m p p e m v m n e a  o f  s y m p t o m s .  I t  c a n  b e  s e e n  f i a t  t h i s  t a b l e  t h a t  
t r e a t m e n t  B  r e c o r d e d  e a r l y  s y m p t o m s  i e .  30 d a y s  a f t e r  r e l e a s e  o f  

. . a p h i d ® .  C o o p e r e d  t o  t r e a t m e n t ®  £  and. 6 ,  t h e r e  i s  s l i g h t  d e l a y e d  
a p p e a r a n c e  o f  s y m p t o m s  i n  t r e a t m e n t  A  ( i e *  c o n t r o l  p l a n t ® ) .  B u t
t r e a t m e n t s  £  a n d  &  s h o w e d  s u c h  m o r e  d e l a y e d  a p p e a r a n c e  o f  s y m p t o m s

■- ' 'V'̂
o v e r  t o  o t h e r  3  t r e a t m e n t s .  S t a t i s t i c a l l y *  t h e r e  .is s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  d e l a y  i n  a p p e a r a n c e  o f  s y m p t o m s  i n  t r e a t m e n t  

. M o v e r  t r e a t m e n t  a ,  #  a n d  C  a n d  i s  a p p r o a c h i n g  s i g n i f i c a n c e  o v e r  
t r e a t m e n t  0 .  d i f f e r e n c e  b e t w e e n  t r e a t m e n t  £ ,  a ,  C  a n d  B  i s  n o t  
h o w e v e r  s i g n i f i c a n t . .

S h e  r e s u l t s  o f  w o r k  d o n e  a t  t h e  A g r i c u l t u r a l  C o l l e g e , V e i l a y a n i  
o n  t h e  t i m e  t a k e n ' f o r  t h e  a p p e a r a n c e  o f  s y m p t o m s  s h o w e d  a  p e r i o d  
o f  3 5  t o  h 5  d a y ®  { p r o g r e s s  r e p o r t  o f  s c h e m e  o f  r e s e a r c h  o n  ’’B u n c h y  
T o p ”  d i s e a s e  o f  b a n a n a s  l a  K e r a l a  a b a t e ,  1 9 5 6 * 5 ? )  • t h e  r e s u l t  o f  
t h e  p r e s e n t  s t u d y  i e  a l s o  i n  a g r e e m e n t  w i t h  t h i s .

T h e  p l a n t s  u n d e r  t r e a t m e n t  D  a n d  £  w e r e  a s  v i g o r o u s  a s  t h e  
p l a n t s  u n d e r  t r e a t m e n t  &  a n d  0 ,  t a k i n g  h e i g h t  o f  p l a n t s  a n d  n u m b e r  
o f  l e a v e s  a s  g r o w t h  c h a r a c t e r ©  ( T a b l e s  I X  a n d  X X I ) .  T r e a t m e n t s  1) 
and £  w e r e  s u p p l i e d  w i t h  m a g n e s i u m .  T h e r e  i s  d e l a y  i n  t h e  a p p e a r a n ­
c e  o f  s y m p t o m s  i n  b o t h  t h e s e  t r e a t m e n t s .  T r e a t ® e a t  £  g i v e #  e t g u i -  - 
f l o w n t  d e l a y  o v e r  t r e a t m e n t  A, Q a n d  B a n d  i e  a p p r o a c h i n g  s i g a i f i -  ■ 
C a n o e  o v e r  D .  T h u s  m a g n e s i u m  a l o n e  o r  i n  c o m b i n a t i o n  » i t h  c a l c i u m  
a p p e a r s  t o  h a v e  i n d u c e d  d e l a y  i n  t h e  a p p e a r a n c e  o f  s y m p t o m ® .  ( I n  
t w o  o a s e s  o f  t h e  r e p l i c a t i o n s  u n d e r  £ »  t h e  s y m p t o m s  a c t u a l l y  a p p e a r ­
e d  ?6 a n d  ? ?  days a f t e r  t h e  r e l e a s e  o f  aphids)•



Symptoms

The data presanfced in table XSUXZ give the growth measurement 
of plants at the time of appearance of symptom® and at the final 
observation, She first symptom noticed warn the development of 
ehlorotie streaks ana dots on the leaf petiole, leaf blade and 
midrib. Premature unfurling of heart leaf.upright position of 
leaves, curling of leaf margins, splitting of leaf blades, and 
brittle nature of leaves were the ether symptoms noticed, The 
subsequent leaves produced were reduced in else, both in length 
and width. The rate of growth was also retarded, The petioles 
or the loaf stalks of succeeding leaveo failed to emerge and the 
cluster of loaves gave a rosette appearance. The average growth 
measurements at the final observation showed reduction in growth 
and loaf sine,
Optake of calcium

Table KKIV gives the data regarding the uptake of calcium by 
the plants under the different treatments A, B, C, 1> and S. Treat­
ments E and C receiving calcium plus magnesium, and calcium alone 
showed increased uptake of calcium as compared to treatment 3, D 
and A and the difference in uptake is significant. The difference 
between treatments £> and C is also significant, however there is 
no significant difference between 3 and 3; 0 and A,
U p tak e o f  s a g B e B tu a

The present study revealed (table hXV) tnat the uptake of 
magnesium in treatments 0 and £ is significantly higher than in 
treatments 0, 3 and A. But the difference in uptake of magnesium 
between £ and 0 is not significant.



T h e  u p t a k e  o f  i n  t r e a t m e n t  £  i s  less c o m p a r e d  to
treatment B a n d  t h i s  s a y .  fee d u e  t o  t h e  h i g h  l e v e l  o f  c a l c i u m  i n  
. t r e a t m e n t  13. A o o o r & a g - « a  H u s e e l  ( 1 9 5 9 )  a  . h i g h  l e v e l  o f  c a l c i u m  
depresses t h e  u p t a k e  o f  p o t a s s i u m  a n d  magcse s i  u m  ( c a l c i u m - j s a ^ a e a i u m  
a n t a g o n i s m ) .

.. T h e  a b o v e  r e s u l t s  i n d i c a t e  t h e  p o s s i b i l i t y  o f  -an i m p o r t a n t  
. r e l a t i o n s h i p  e x i s t i n g  b e t w e e n  t h e  c a l c i u m  a n d  m a g n e s i u m  s t a t u s  o f  
t h e  s o i l s  i n  w h i c h  b a n a n a s  a r e  . g r o w n  'and t h e  p r b n e t t e e s  o r  s u s c e p t i ­
b i l i t y  o f  -the- p l a n t s  t o  i n c i d e n c e  o f  ‘' B u n c h y  f o p "  d i s e a s e *  T h e

A- ' ■c a l c i u m  a n d  m a g n e s i u m  t r e a t e d  p l a n t s  h a v e  w i t h s t o o d  t h e  a t t a c k  o f
t h e  v i r u s  .for a  c o n s i d e r a b l y  l o n g e r  p e r i o d  t h a n  t h e  p l a n t ®  i n  t h e
o t h e r  t r e a t m e n t s .  T h a t ' ' t h i s  i s  n o t  a - ' c h a n c e  f a c t o r  i s  i n d i c a t e d
b y  t h e  f a c t  t h a t  t h e  a p p e a r a n c e  o f  s y m p t o m s  i n  t h e s e  p l a n t s  .was
d e l a y e d  b y  a s  m u c h  a s  7 6  a n d  77 d a y ©  i n  t w o  c a s e ® ,  c o m p a r e d  t o
30 d a y s  I n  t h e . ft. i - . K . - t r e a t e d  p l a n t s .  T h o  o v e r - a l l  d i f f e r e n c e  i n
t h e  d e l a y  i n  a p p e a r a n c e . o f  t h e  s y m p t o m s  i n  t h e  t w o  t r e a t m e n t s
( t h a t  i s  B  a n d  JS.) i s . also h i g h l y  s i g n i f i c a n t .

T h e  s o i l  a n d  l e a f  a n a l y t i c a l  d a t e  reported e a r l i e r *  . s h o w 
t h a t  t h e  s o i l s  o f  h e a l t h y  a r e a s  c o n t a i n  m u c h  h i g h e r  q u a n t i t i e s  o f  
c a l c i u m  a n d  m a g n e s i u m  t h a n  t h e  d i s e a s e d  a r e a s  -«ad t h a t  t h e  h e a l t h y  
l e a v e s  c o n t a i n  m o r e  o f  t h e s e  t w o  c o n s t i t u e n t s  t h a n  d i s e a s e d  l e a v e s *  
T h i s  f a c t  a l o n g  w i t h  t h e  c o r r e l a t i o n  o b s e r v e d  b e t w e e n  t h e  c a l c i u m -  
m a g n e s i u m  t r e a t m e n t s  a n d  t h e  d e l a y  i n  t h e  a p p e a r a n c e  o f  t h e  s y m p ­
t o m s  w o u l d  i n d i c a t e  t h a t  t h e s e  t w o  e l e m e n t s  a r e  v i t a l  i n  a n y  
a t t e m p t  t o  c o n t r o l  o r  r e g u l a t e  t h e  I n c i d e n c e  o f  t h e  " B u n c h y  T o p "
’ d i s e a s e .  &  p o s s i b i l i t y  .ie i n d i c a t e d  o f  a  p r o p e r  p r o p o r t i o n  .of 
c a l c i u m  a n d  m a g n e s i u m  i n  t h e  s o i l  b e i n g  a b l e  t o  c r e a t e  c o n d i t i o n ©
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of resistance 3a  ths plant, end perhaps a sufficiently long 
period of resistance, rendering the varus ineffective up to the 
tine of energence of the hunch. If this can he achieved, it would 
he an important step towards the solution of this probiea.



*3!)ftKABy AHD COHCLUSIOHS

Banana plays a very decisive role In the economy of the 
country. This is more ©o xn the case of Kerala which commands the 
largest acreage under this crop. Such an economic crop is 

threatened with annihilation by the deadly disease "Bunchy Top" 
and the modest estimate of tee annuel loss 30 calculated to be 
about six crores oi rupees.

&n attempt has been made in the present investigation to 
find out how far the chemical characteristics of the soil act as 
a predisposing factor in th© incidence of the disease. A survey 
of the disease m  Kerala State revealed tnat the disease was more 
severe xn water logged areas and localities where banana culti­
vation was carried on continuously for long number of years.
Duiinj, the survey, repreoentatlve areas were selected for soil 
and plant material study. Soil samples were collected from the 
base of healthy and infected plants, representing the soil types 
of the region, and analysed for nitrogen, phosphoric acid, potash, 
Calcium and magnesium. Soil reaction and organic carbon were also 
determined. Leaf samples collected from healthy as well as 
diseased plants were analysed for nitrogen, phosphoric acid, 

potash, calcium and magnesium.
Xn. addition to the study of soils ana plant materials referred 

to, an experiment was conducted for tue elucidation of the 
influence of calcium and magnesium singly, and in combination, 

on the incidence of the disease.
Pisease free suckers were planted in the pots and after the



suckers had established, the insect vector previously fed on 
diseased plants was given free access to the plants in the pots 
for the transmission of the virus*

Morphological observations like height of plants, number of 
leaves and length and width of leaves were made periodically and 
correlated with the tine of exhibition of characteristic disease 
symptoms,

leaf sample* were collected from the plants and analysed for 
the uptake of calcium and magnesium in order to find out whether 
there as any characteristic variation in the uptake of these 
nutrients.

The analysis of soils in general showed that the soils of 
infected regions are more acidic, higher in organic matter, higher 
in nitrogen and available phosphoric acid, but lower in cotal 
potash, and calcium, and very low in magnesium.

The leaf analysis of healthy and diseased plants revealed a 
comparatively high amount at nitrogen, phosphoric acid and appre­
ciably high content of potash in the Infected leaves.

The plant experiments have revealed that the application of 
lire in combination with K.P.K. has little effect on tne incidence 
of the disease a# measured by the delay in infection, while mag­
nesium alone or in combination with calcium exerts an appreciable 
Influence on tne incidence of the disease by delaying the appear­

ance of aymptoms.
Conclusions

1. Higher acidity of the soil ~vxy be a factor tavourxng Ui*

88
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ineid«nc» of the «1cease.
2. Organic setter and nitrogen content of the soils from sites 

of diseased plants are higher.
3* Total phosphoric acid is higher in the healthy areas of 

laterite soils, but lexer in candy soils#
8. Available phosphoric aoid contents of soils of diseased 

areas are appreciably higher than those of healthy areas#
3. There is an appreciably higher concentration of available 

and total potassium in healthy areas as compared to diseased areas#
6. She total and exchangeable calolum content of soils in 

healthy areas arc higher#
7# Healthy areas contain higher amounts of total magnesium# 

This is significant in the case of surface soils of all the typos 
studied#

8# exchangeable magnesium is found to be appreciably higher-^, 
in healthy areas#

9# Share is a higher concentration of nitrogen, phosphoric 
acid and potash in diseased leaf samples.

10. Healthy leaf samples on the other hand have a higher 
content of calcium and atcgneeius.

11. The calcium plus magnesium/potassium ratio ie loser in 
diseased leaf sampled compared to healthy leaf samples.

12. Calcium alone does not appear to have any influence on 
disease resistance or delayed appearance of sysptoas.

15# Magnesium alone or in combination oltb calcium has re*# 
aarfe&ble effoot In delaying the appearance of disease symptoms
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ansi ylves a greater capacity to the plant® to re*int infection. 
CoapareJto SUP.X. alone, the calcium aagnesma combination h&e 
delayed infection by a significant period of 23 days. In t*o of 
the replications, Infection was, delayed by h& and h? days.

The increased uptake of calcium and magnesium by the 
resistant plants support the above view, further work in this 
lino is necessary to confirm these findings and to determine the 
correct dose end proportion of calcium to magnesium to effect a 
daisy in the onset or even complete arrest of the dieeas®. The 
special role of potassium aas also to be further investigated.
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AP^mmx. i 
(m-a.ma cf v & m m m )

PUdt asim* m  tsc am or release &i aprim

Source

2 o tal
Blocks
frcatasente

firror

S.S. •F. Variance r Inference

5042.9?
2281.3?
1 3 8 5 .4 ?

29
5
4

1376.13 20

436.2? 6.63
346.3? 5.03 F<4,20) 2.8?

Significant
68.81

II
UMMfSIS Vt QABUm&) 

fiO. OF tSAVSS ON fkB BAX OF HEW ASST OF aPHIBS

Source S.3. B.ff. Variance S* Inference

total 24.97 29 - -
Blocks 3.3? 3 0.674 1.1
treatments 10.1? 4 2.543 4.4 ?(4,2Q) 2.8?

Sicnific.jnt
Error 11.43 20 0.3715 -



4PK3tt>IX III 

(aHAISTSIS OF VAElAtJCL) 

fIMS TAKUS FOB m  PAR4H«E OF SI»»,S AFTER RELCfiSl. OF AKSlfiS
(•**«■as •■»*• •• «■ ««•*ti* os an •• ee *• *»«• < » * »  •» ******'

Source S.S. ».F. Parlance P.
H lia iw H M M '

Inference

Total 5936.0 29 a* m -
Blocks 1250.3 5 270.0% 2.3S
Treatments 2325.5 3?S.4 3.09 F(4,20) 2.8?

Significant
Srror 2272.5 20 113.62

APPEHSIX 2V 
(/JWiXSlS OP VaRIaHCS) 

UPTAKE OP OALCIUM B t PLAHTS

Source S.S. O.F. Variance P. Inference

Total 1.33426 29 - - * ^
Blocks 0.20279 5 0.040558 4.06
Treatments 0.93181 4 0.23295 23.00 P<4,20) 2.8? 

Significant
Error 0.19966 20 0.003983
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A w m m x  v i i

BO. Of* LEAVES ON TBS SAX OF SELSASL APHIDS

tsea sm sbss

asPUOAX io a s A 3 c 0 a

i 7 8 9 9 8

XI 8 7 9 9 10

XXX 6 8 8 8 9

xv 8 7 3 7 9

V 8 7 9 8 9

VI 7 7 8 9 7

M e m 7 .3 3 7 .5 3 8 .5 8 .3 3 8 .6 ?

PLANT HELM? Ofi tiHfi
Afpsasix vixi

DAI or RELEASE Of ^HBXBS

TREATMENTS
— ---- —

Baglieatioaa A 8 e 9 £

X 7? H 5 95 102 116
IX 78 96 7? 94 86

XXX 68 107 78 84 89

XV 90 100 86 88 89
V 77 76 8? 78 94

VI 70 8 X 63 76 70

Mean 76.7 9 5 .3 8 1 .3 9 1 .0 9 5 .8



appshb£* xx 
GAW1UH uptake by purt..

TREftTKMS

Replications & B G B E

X 1.064 1.400 1.736 1.232 1.792
II 1.232 1.176 1.400 1.064 1.624
XXX 1.120 1.344 1.512 1.456 1.568
IV 1.120 1.176 1.344 1.286 1.624
V 1.064 1.120 1.288 1.064 1.512
VI 1.008 1.232 1.344 1.176 1.456

Mean 1.101 1.241 1.437 1.213 1.396

appebdxx X
K/.GHESXCM UPTAKE BY PI'STS

vsm m sats

Replications A B 0 B E

X 0.4536 0.3672 0.4392 0.5616 0.7344
XI 0.3528 0.4032 0.4176 0.7920 Oo976
XIX 0.2736 0.3528 0.4603 0.6264 0.5184
XV 0.38X6 0.2932 0.3960 0.7560 0.5472
V 0.3024 0.3744 0.3528 0.4176 0.4680

vx 0.3168 0.3244 O.36GQ 0.4680 0.5040

Mean 0.3468 0.3528? 0.4044 0.60365 0.5616
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P E R C E N T A G E  U P T A K E  OF CALCIU M  ANO M A G N ESIU M  BV P L A N T S
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G R O W T H  C U R V E S  O F  P L A N T S  U N D E R  D I F F E R E N T  T R E A T M E N T S

P E R IO D  IN W E E K S



AVERAGE GROWTH MEASUREMENTS AT THE TIME OF 
APPEARENCE OF SYMPTOMS

TREATMENTS

MeigAt of P/ant 

A/umber of/eaves 
Length o f Leaf 
Width o f Leaf

AVERAGE GROWTH MEASUREMENTS AT THE 
FINAL OBSERVATION

TR EATM EN TS



PLATE 1
HEALTHY BANANA PLANTS - GENERAL VIEW 

(Before transmxssion of virus)



PLATS 2 
HEALTHY BANAHA PLANTS 

(Under dxfferent treatments)



PLAT* k 
DISEASED BAHAMA PLAHT8 

(Under different treatments)







PLATE 9 
DISEASED BANANA PLANT 

(Treatment E)



PLATE 10
A HEALTHY BANANA PLANT UNDER TREATMENT E

(Symptoms appeared 77 days after 
transmission of virus)


