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" In coconut pa'lm 'wilt' is an important malady that Mas’ caused
serious damage to the- coConut industry in many major coconut growing o
countri 5 However; very Tittle is known regarding the phyéiologica.l v
naturé 79f thése diseddas. in order to help ‘us evolire ariy éffective control
meagures, This is' mainly because spéc{él ‘rESearch, ‘et Hods have to bé '
emplpyed while dealing with-the problems 6f coconut. ‘paliny “dide ‘to its
large size, pere'lnia.l nature and mul;ti ear period of f'ru.lt bearing._v,,,:,"
The present Paper deals with a discuss on on ‘this subject e

AETEOLOGY OF WILT DISEASES § | b +820ifle o wmsdam ws vwiidi whaliog
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# Wilt ‘diseased of coéonut palm ha‘v‘e bem rj:ecognised under t o O . il
categories viz., wilt disdasés of kidisi ‘and unknown agtiolegy” T

(Menon, 1963). "The important diseases of cocohut. palm reported from. .

various parts of the world in which 'wilt' is an important symptom are .

.given 1n Table 1. wel ‘ -~ Db e
BN Y PR to -’.‘l‘-': LS . R Lt e IR I

VLY e Y ST
: quﬂronze Leaf vt disease ijs khown to b .caugéd by 2 combination ],
of adverse soil conditions includ r}%, “insufficient rhoisture, ost -ajmi-
lar' tauses have beér'accounted £&r apering, Stem wilt!' diseas also,. ..
' Besides, nutritional deficiency is a'.'ﬁ@ther factor” associated oh T
"tapering stem wilt" which has been r erred .to as 'starvation of palms!

(Briton Joj Hes; I940). "Wilt" in thege'caseés is, thus, obv1ously the = .
ultimate résult o™ droughﬁ aﬂd‘nutﬁtjibnal dsficiercy which are purely of
‘. Y I W31 .
phySidlogical girigil‘l. BN ,L’ .\,;. :‘I’JJ‘-‘.) -\rr‘rﬂqr;)v b boe oL
In the casé bf ‘wilt*“dieea‘s*es“"f ik }%’1( l-\m"w""“c,he situation is
much n!tre com Brgie:” “A1thaligh 1t v ‘ihte & to'hofe that yellowing

and wilting l1ea<r¢ss a,re repo édigs”‘ on ‘tedtiire of many of these '._.'
diseases,”ver ‘ o u ..,, € eirdlhg the nature ofIthese wilts. R
G }? ti“é nature gff ?%%ﬁ "J"""”ahg" of. P}uiippines has not been

conc’lus‘iv'ély' '(‘ "aithoug rus ori i Has been, suggested (chemia,l937,
Celino s 19474 Kent ‘9537, l‘ﬁ t‘ (1%59 ) indicated the infectious nature

L
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"6f "lethal yellowing" or "unknown disease" of coconut palms in Jamaica -
and he suspected this to be caused by a virus. Micronutrient deficiency
was suggested as a cause of this disease (Leach, 1946) although this

has not been confirmed (Innes, 1949). -

The root (wilt) disease prevalent in South India, has been the
subject of detailed studies during the recent past at the Central Coconut
Research Station, Kayangulam. The parasitic nature of this disease
was indicated very early (Butler, 1908) while its complexity was also
indicated later (Menon and Nair, 1951).‘ Strong evidence has been obtained
indicating the involvement of a virus in this disease complex (Nagaraj
and Menon, 1956; Shanta et al, 1960; Menon and Shanta, 1962; while fungi
were reported as secondary invaders of root system (Radha and Menon,
1954). In an exhaustive discussion on the wilt disease of unknown
aetiology, Menon (1963) has drawn attention to the similarities among
the "lethal yellowing",. "bronze leaf wilt"; "cadang-cadang" and the . ;..
root (wilt) disease, Wilting of the crown, . yellowing, necrosis and ., . .,
extensive root damage are the important common symptoms reported for. ... 7
these diseases of coconut palm, ,In the case of "cadang cadang" stiffen-
ing and shortening of leaves are characteristic while recently wilt is
also reported to ‘appear in later stages in certain cases, .An important
observdtion made'idfthé case of root (wilt) disease is that this wilt
disease is not caused by adverse soil conditions such as inadequate
soil moisture or nutrient deficiency, although such factors may act as
predisposing factors for the disease. Wilt of the palm in this case is
thus not of purely physiological origin (Menon, 1963). This view is
further strengthened by the pathogenic naturg of the disease..

NATURE OF WILT &' . =i T et

Wilt in plants is the obvious result of an unfavourable wWater
balance in them. Thus, any derangement in the absorptive unit or -ex-
cess of transpiration would lead to internal water deficit .culminating
in wilt. - Viéwed from this angle the éxtensive root damage reported for

all wilt %}sééseé attains topical importance.

" In the case of root (wilt) disease of South India a higher per-
centage of ‘root decay has been reported (Nagaraj and Menon, 1955). A -
detailed study of the root system of 5 year old healthy and diseased.; . .. |
palms was conducted recently (Table 2). It was cbserved that in their
lateral spread or downward penetration, the root systems of healthy and

However, in other characters namely -.

diséq§é&jbalms do. not vary much.
the ciitumference of the bole andvthe total number of roots, the
diseaséd palms have lower values than the healthy (Michael, 1964).
This apparently would show that the absorptive area of a diseased palm
is considerably reduced, thus probably robbing the palm of its capacity
Yo absorb  enough water, drawing a parallel to the suggestion of Oraton
'(%902);“ Root damage resulting in reduction in their efficiency as




absorbing organs has been reported for root rots (Simmonds, 1939) and
virus diseases; (Stubbs, 1947). However, it is now known that absorption
is: not:always limited. by the root surface in contact with the external
meditm, since internal factors such as permeability of root cells, the -
metabolism ofi root tissues and consequeritly the capacity of xylem to
conduct; water are -influencing factors (!remer, 1956). That the crippled
root-system by way of root damage may not affect the uptake of water by
a diseased palm, has been indicated by further observation. 50% root
‘decay has been found to be common in comparable healthy and diseased
palms.in theearly stage of disease (Menon, L963). On the other hand
70 or.80 year old healthy palms always possess a very high percentage
of decayed roots. The logical conclusion from these observations is that
in the case of root (wilt% disease, (a) root decav need not be a
prerequisite for wilt (b) root decay may be a secondary feature caused
by secondary invaders of the unhealthy palm and (c) uptake of .water is
not affected appreciably although the root system is crippled. '

- The plant cell is known to undergo a series of physiological
derangements prior to death (Guilliermond,'19hl), Under pathogenesis,
-¢ollapse of protoplasm and cytoplasmic disintegration are some such physi-
ological derangements preceding death of cells (Braun and. Pringle 1959).
It is quite probable that in the case of root (wilt) disease of coconut
palm such derangements at the subcellular level in the root tissue must
precede the death and decay of the root system., However, this is a
subject for'detailed investigations in future. On the other hand, it is
logical to envisage that the damaged root system of diseased palm
would' have resulted in an indiscrimate entry of minerals and other toxic |
materials through them leading tot heir accumulation in the leaves., That
. loss of selective permeability of root cells by way of root damage and
corsequent loss of functional balance of root system could lead to.an
indiscriminate entry of minerals and other toxic substances into the
raots, has been observed by Kramer (1951). In a recent study, an analysis
‘of the root sap collected from the healthy and diseased palms of compa-
rable.age ;group showed that the total inorganic as well as organic.content
of .the diseased sap is generally higher than that of the corresponding (
healthy sap (Michael and Ramadasan, 1964). Accumuiation of major nutrients
such as nitrogen, phosphorus, potassium, calcium and magnesium in the
diseased leaves-has been reported (Sankarasubramony st al, 1952).
Micronutrients such as manganese, boron and zinc have been shown.to -be
in higher levels in the diseased leaves than in tie healthy (Table 3,
Pillai, 1959). 'Leaves of diseased palms growing in sandy,- loamy, clayey
and lateritic soils have been observed to contain higher quantities; of
silicdlthan ‘that in ‘the corresponding hea%kby palms (‘lable 4). Accumu- -

- lation of nutrients in. the leaves hag* been reported in the.case of -
'cadang cadang':disease also (Yualvez et 2l,1958). An indiscriminate
absorption of minerals resulting in ionic imbalance could very well lead
£o the damage of leaf cells, as is known in the case of citrus (Sokoloff
&t al, 1943) and complete derangement in the leaf metabolism. Ionic

259 o



imbalance has betn shzna ©o fniliims? perazacility: cf cells to water,
their osmotic pressurs and p“ﬁton"asml chrinkage resulting in.loss of
water, : {Osterhaut 191‘ 1G74). Trdeed, inspeanod loss of water from
diseased leaf has becn cbsarved in the cave 0¥ rcot (wilt) disease of
coconut, palm {Lilly aud Ramadzsen. 10%4). A1l these conditions induced
by the pathogen and later aidzd s} parpobwated by wifav rourable condi-
tions could, thus, vltimabely 1oal o o Lrogressive increase in the
internal water dcficit, Digrupitirr oxnlid .sintegration of chloroplastids
in the diseasesd leaves; p“‘ba. - w3 -2 the areunulaticn of some toxict-
(1¢42). while the possible -

substances, has be=u erws.caged ©F Moron (1
hyto-toxic effcct of wxkalan ne-~d notritisn has toen indicated by
Pandalai (195¢). The ratuwr:s of cirnh 1?“7-01*6Lca1 ¢arangements in the

leaves of wiltrd cors~wih mpins. if anv. js thn amubiact of detailed
investigations presentiy ab the CGentral Coconut Becearch Station,
Kayangulam. :

What tl.2 >»0lo of nohlu gans ~ould be in inducirg physiological
derangements in th2 case of wil: diseases of concnut palm has not been-
investigated, Sjuss psthogsis, virutes or fungi, have;been associated
with the root {wili), Feadveny cadeug" ard "lethal. ¥4 Tlow1ng" disease of
céconut palm. the possible role of Lhese organiczs in causing Hwilt"
Warrants a cloze cxam:naticla :

THE ROLE OF FUKST AYD ©°7a 46

The tosdin congent fn vilit dis cac~s.. 'Leen the subject of recent
discussions by enivend. patnrlaglota, (Spoo $21).7 in »elation to fungal
3

diseases of plaris ‘B“ﬂLJ':nd Tyrirgia,

G50: ewran, 19543 Ludwig, 1957)
These investigators Frave givoa wire.dd rid~mce “o show that toxins and .
other metabolites coull. very w1l eamag? the conducting elements varlously,
cau51ng acuve internal. wiher dari .Tn this connestion the increased

BLE )
rate of loss cf wizltsy orearvel Lnothe -ase of oot (wild) diseased palms
:18 noteworthyo Tac nocure bl ;L;u;iwgansn of enhmicad transpiration

in wilt diseas:d plants hava bewn awely Atsoniscd by Sadasivan (1961)
,hany fungal toxins erd other wodololit o have ben shown to impair

' permeability of cells (G.:mwn:,;; @i, AvE2Y. Cuwian and Jaag (1947) ..

have discussed in deveil how “riine ia the sap ohream could lead to:: .
damage to ocﬂo“egu_at?:y fmetiong ol cells, Powsus h an event could
lead to. relcaue ¢f c=lluiar 2oy ~wenhg 1ogding 42 wilh has also been re-
ported (Gaum*nn 1?3':. The =10 of pastis enuy.ios released by pathogens
causing reduction c¢f sap flow in =43 yyioun veuZnia, release of high.. .
molecular velght rﬁL”Lrﬂ'Ideaq rﬁcuv.g and cthzr subst ances leading to
wilt in pLanu= hat beon. Q'u,u‘b“ﬂ it oot DY Wowa {155%). The possible
role of toxins iz the reod (wils ) discese, “cadang-cadang! and "lethal
yellowing" has becwn Suggacted (“1***n ‘9&0' Yongheses 1959; Velasco,
1961) althoug +hir hay =i Detn svwgtmﬂt1atb4 by emdugh data. Fungal
par351tes, 2 thouga szcuudary in rature, may have also been associated

v

wvith "cadang<-adong™ (“- rta, 1$37; Price, 1958) and root (wilt)
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disease (Radha and lenon, 1954). These observations warrant detailed
investigations on these aspects in the coconut wilt diseases. '

THE ROLE OF VIRUS &+ e

Of particular interest is the fact that viruses have been associated
with the "cadang-cadang", lethal yellowing and root (wilt) diseases.,
Viruses are known to cause a variety of symptems in plants viz,, mosaic,
hypertrophy, necrosis, stunting. curling, yellowing, dwarfing of leaves
etc.” However, the physiological nature of symptom production is still
not known. It is pertinent to recall in this conte:t that the disease
syndromes of '"cadang-cadang", "root (wilt)" and "lethal yellowing"
diseases of coconut palm have close similarities with the symptoms
Picture of virus infection in plants. The association of virus with the
water conducting tissue in the case of Pierce's disease in grapeyine and
the dwarf disease in alfalfa, in which wilt is an important symptom, has
been discussed recently by Esau (1948; 1956). John (1963) however
reports that wilting due to virus infection is rare, ‘

Joseph and Shanta (1963) have reported considerable changes in
the epidermal, mechanical and conducting tissues in the leaves of root
(wiltg diseased palms. Reduction in the cuticular thickening on the
upper surface, reduction in thé longitudinal division in the cells of
upper epidermis during development, decrease in the thickening of the
walls of sclerenchymatous cells in the hypodermis and reduction in the -
lignification of the bundle sheaths are the important observations made:
in the leaf tissues of diseased palms. The gross physical damage in -
the diseased leaf tissue reflects the disruptiofiiand retardation of all |
those physiological processes connected with development and growth'of
normal tissues. S o ' : e

Viruses are alsd?known'to cause damage to the phloem tissue
(Cook, 1931; Esau, 1938; 1941; Swingle, 1938). In the American elm trees,
infected with necrosis virus, degeneration of sieve tubes and adjoining
cells following™théir maturation, hypertrophy of nuclei in these cells,
necrosis of protophloem etc. in the roots have been observed (McClean,
1944). ‘A deep browning of the root iLissue following infection has also
beeh observed. In the case of root (wilt) diseased palms also a deep -
browning of the rdots as compared to the healthy root system has been |
noted (Michael, 1o¢ cit.).’ Bawden (1950) has stated that damage to the
phloem could léad to starvation of roots by way of inadequate transport
of food. In the case of root (wilt) disease, preliminary studies have
indicated that the carbohyirace content of disedased: rovis is lower than |

that' in healthy roots (unpub}@éhed data),

_ The possibility of virus infection of the root causing disfunction [
to ‘the mechanism of absorption in the roots of coconut palm can very
well be envisaged. 1In a nymber of flowering plants in which plant viruses
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produce necrotic-}localised.lesion.on the leaf, investigations have...
indicated that general metabolic disturbance is induced almost within
hours of virus entry, long before necrosis of tissue becomes visible to
the naked eye (Weintraub et.al. 1960; Ramadasan, 1962). In a variety

.of -tabasco pepper, in which tobacco etch virus (TEV) produce wilt,
marked.changes in pérmeability in the root.cells of  virus inoculated
seedlings have been observed to occuvr 24-36 hours before the plants
started. to wilt; while.such permeability changes were never found to
occur.iin- another variety of the same plant in which TEV does not produce
wilt, Further, stained sections prepared from the roots of inoculated
seedlings -of the -former variety showed no phloem or cambium necrosis at
the time.of induction of permeability changes (Ghabrial and Pirone, :
1964) ... These findings are of the utmost importance with reference to the-.
present- problem. 'In this connection the presence of virus in the soil,
reported in-the case of root (W1lt) disease, attains speclal 31gn1f1cance
(Menon and Shanta, loc c1t) : :

NUTRITION OF DISEASED COCONUT PALMS :

: Nutrltlon of dlseased coconut palm has been the subJect of detailed
investigations at the Central Coconut Research Station, Kayangulam,
Regular manuring with NPK fertilizers has been found to’improve the
yield of healthy and diseased palms; however, no ameliorative effect on
the disease syndrome_has been observed. ‘A sand culture experlment on
dwarf seedlings to .study the deficiency symptoms of N, P and K nutrients. .
and their probable relationship:to wilt.disease revealed that although
nitrogenrand potassium defi.ciency could produce yellowing of foliage,. -
no other foliage character comparable to the disease syndréme of wilt::.:-
diseased palm was noticed (Mathew and Ramadasan, 1964). oy

A detailed study on the effect of micronutrients on the wilt:
disease has been in progress.since 1953. A total of 384.palms in'a .-
diseased: sandy tract consisting of trees in the different stages of .wilt:
disease has been receiving all micronutrients and magnesium, singly as
~#ell as in all possible combinations.. Preliminary analysis of data
collected so far revealed that yield of these.experimental palms has
generally increased irrespective of their diseased: condition, However,
not only have these treatments failed to improve the diseased condition
of the palms but also more than 50% of healthy palms. receiving these
treatments became dlseased during the .course of this experlment.

A manurlal experlment (started in 1956) con31st1ng of organlc-
manures, such as 2.27 Kg. of groundnut. cake, 22.7 Kg. of ash, 45.4 Kg.
of cowdung, 2.27 Kg. lime and 4,54 Kg. of common salt per tree per year,
on 30 palms in the different stages of disease revealed that 28 of
these have deterlorated further 51nce then while 2 have already been cut.

Slmllar results have been obtalned for "Cadang-cadang" dlsease
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also. Soil amendments or foliar application of various mineral ‘
nutrients such as magnesium sulphate, potassium phosphate, copper sul-
phate, ferroiis’sulphate; sodium molybdate and sodiim borate to diseased
palms only helped to dgteriorate the condition of ‘the trees (Subido, -
1957 ; Price, 1958). The experimental observations detailed above
indicate strongly that these¢ diseases cannot be combated by any of these"

conventional nutritional treatments alone.

In view of the parasitic nature of many of thesé diseases an
important problem involved is the possibility of the nutrients applied
to the disedsed palm being ultimately harnessed hy thé parasite, leav-
ing the host cells 'starved', as has been observed by Sempio (1959).

In the case of root (wilt) disease of South India, although ‘some of the
treatments have produced some beneficial effects on the disease by way
of improvement in yield, it seems <o be better to be cautious to con-
clude on the effect of these specific nutrients“on-tHe wilt disease,

in view of the fact that a virus has been fourd to be associated with:
this disea.sé,, S R o ‘. ‘: - -;-::‘.;,‘:~ :, .

Pyt . : e i
Soil conditions influeficing the hutrition of plants hive beéh
shown to have a definite relation to virus infection, The &ubject of
mineral hutrition of virus infectedplants with reference’ to all major
and micro-nutrients has been reviewed in detail recently by Sadasivan
(1963). Disucssing this aspect, Bawden (1950) has stated that the more
favourable the soil conditions are for the growth of the host, the
more definite will be the reaction of the infected plants. Besides,
the more vigorously the plant is growing-at~the time of infection, the
more pronounced will be its effect on: a. systemié host. In the case of
wilt disease of South India it has been shown that palms at the bearing \
‘or prebéaring stage viz.; 6-10 years-old-are-more susce tible-to-disease-!
than the middle aged adult palms (Shanta et al, loc cit). Progress ol
‘and “severity of disease -atso have been-found to—be more-in-young palms . =--=i
of this-age group than in adult.palms’(Ramadasan et.al, 1964).. :

CONCLUSION 2.

In the foregoingysan attémpt .1as been .made to elucidate the . -
physiology of wilt disease in cdconut palm with special reference to
pathogenesis and related nutritional problems. In doing so the available
pertinent data:have been utilised to the maximum to draw logical lines )
of conclusions. The increasing evidence for the infectious nature of .
root (wilt),.and "lethal yellowing" of coconut palm suggests that wilt
in these cases is pathological as distinct from the walt diseases, of"
known aetiology viz., bronze wilt and tapering stem wilt. Drawin
. conturrent evidences from the investigation .on pathological wilt diseases.

of other flowering plante, it seems probable that phyto-toxicity at . ‘
~the leaf level caused. by toxiiis, metabolites or serious ionic disturbanced ,
"initiate?;by'patHOgen would have resulted in serious derangements in all

AE NV SRS ANS LS

.
L

e em et w e PRIy
. e et Moy e e e emen-s o e emae

. -
Lt

263



the physiological processes related to growth and development, It is-
quite probable that any such serious disturbances in the osmoregulatory
functions of . leaf cells would lead to increased water loss resulting in
internal water deficit. However, it must be remembered that there are
too many gaps in the investigations on the physiology of wilt diseases °
of coconut palm, as it applies to specific cases, and such fundamental
aspects as absorption, translocation and metabolism of diseased palms

, at subcellular level are yét to be investigated thoroughly to draw

' definite conclusions on the physiological nature of wilt, In this
connectlon, the employment of special research methods might be necessary
in view of the unique features of the coconut palaa and the use of radio-
isotopes in such investigations might go a long Way in giving us a
better insight 1nto these problems.

Menon and Pandalai (1958) observed that "the main task of the
research worker in this connection involves the consideration of different
problems designed for improving the productivity of palms, as well as -
dealing effectively in the prevention of loss of yield by malnutrltloq
and pathogenic agencies". . It may be legitimately hoped that the zeal
of coconut research workers, coupled with effective co-ordination
among them, can give us answers to these problems in the near future.

-t

Table 1 .
Diseases of Coconut Palm e -
:3;;:% ‘Name = - . Distribution Reference 2
1 Tapering stem wilt ~ Burma, Ceylon, Trinidad, | Furtado (1923); -
' T Jamaica. Bryce (1921); .
Briton Jones
(1928;1940).
2 Bronze leaf wilt - Jamaica, British Guiana; | Briton Jones (1928);
» St. Lucia, Tobago, Park (1932).
- e Trinidad, Ceylon.
- 3. Maturation wilt . New Guinea. Dwyer (1937)
* 4, Cadang-cadang Philippines. Calica and Bigornia
R (1953).
> | nknown gioenmee 77| Jamitea. Ashby (1915).
6.. | Root (wilt) disease |. India. - Menon and Nair (1949).
7. Other wilt diseases | West Indies, Jamalca, Stockdale(1907); Anon
S | .Ceylon, New South Wales, | (1908); Petch (1910); :
Mauritius, India.- Small(1927); Park(1928);
|Shepherd 1927). :

¥* Wilting reported as a symptom in. the later stages.
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Tablec 2

Characters _of the boles and roo*s of hea]thv and diseased palrs.

: u‘; S

Wt

. i fie ) R ~-T'_—_j-.v Ma]_n Root,s . 1
Serial Condition of | Circumference : —
No. the tree | of the bolc Total | Maximum hori- | Haximum
R L T Rt Syl SUN R STt NSRRI | ~—NOw-—m}-zONtal- -spread.- | --depth.- . ... ..
i A | Meters = ¢ - S Meters " Meters
; e o) Rewlthy | 1.8 | 1256 | 6.7 | L3
i 2. "oa 1.10° 1024 B3N 3.2
i 3- " l 0 860 1007 . V 309‘
} L n 0,95 700 7.6 - 5.7 ¢ ;
| 5 " 0.2, hLQ - 7.8 2.3 -,
' 6. Diseased 0.88 621 10.7 L.8
l 7' " 008&. o 612 7.6 l-l-oo
; 8. 0.75 % 515" 7.9 4 4.2
- 9. 0.76 481 7.2 2.0 '
; lo- " 0066 1{-0‘}' 905 K 318
—- ~~(After Michael, Ky J. 1964). T e e e
' Tabl__3
Mlcronutrlent contents in the leaves of healthy and root
W1Tt) diseassd palms
i Micronutrieqts_ Condition of trees! lean lStandard Statiqtgcal signi- f
| - ‘ PPN, dev1ation ficance. P ': 6.05 :
! Manganese Healthy 68. 41 21.20
? - Diseased 155.87 19.60 Significant.
. Copper . -~ Healthy" S 0,72 9.27 | e
: ihoa.f - Diseaged - 38.76 11.53 | Significant.
: Iron - Healthy 270.31 TL.47 4
"Disqqqed 256.1). 7314 Not Significant. v
| Boron Healthy 7,04 - 2.31
- Diseased 15, 38 i 3.28 Sdegnificant, ™ -
N !
Molybdenum Healthy 0.26 ) 0.13 |
‘ o Diseased . . 0.36] 0.25 | Not Significant. v~ |
: Zinc Heclihy _ 2L.78 1 20,4 !
- Diseased - ;;@5 -51.57 i.; 12.46 Significant. ;
e -1 §

D A J L S
S

(After Plllal, 1959)



| ~ Tabled4 - . B
Slllca content in the leaf tissue of healthx and root Sw1lt2

diseased palms growing i in different
. tvpes of soils '

T e —

Type of Healthy Diseased % Increase in the -
Soil diseased

I. Sandy Soil 2.67 5.22 95.5
(Average of 10 palms)

II. Loamy Soil 1.94 L.51 132.5
(Average of 5 palms) '

III, Clayey Soil 3.20 3.78 18.1

(Average of 10 palms)
(Average of 10 palms) o . e

(Annual report of Central Coconut Research Station, Kayangulam for 1958-1959) .
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