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SUMMARY

The mineral nutrition of root (wilt) affected cooconut palm was
thoroughly investigated by carrying out a nutritional survey, collecting
soil and leaf semples of perfeotly healthy and diseased palms covering
all the majof cocomut growing soil groups of Kerala State. The chemical
analyses of theso samples for both macro and miscronutrients confirmed the
accumilation of NIX in diseased palms. ¥Nitrogen status of soils of
diseape affected tracts is higher than that of healthy soils. Among the
seoondary nutrients, deficiency of S ig svident. Imbalances in cationio
ratios viz. K/Na, X/Mg, X/(Ca+Mg) and K SNE-I-G&'-ME!; and anionic retios

/ viz. P/S and N/S are quite apparent. arly, the deficiencies of Fe,
M, M and Zn in particular in diseased palms are the other findinga of
great importance.

INTROTUCTION

The root (wilt) disease of oooonut palm which is the most
serious threat to ogconut industyy of Kerala, infliots an annual loss
of about rupees 300 million, and Is still spreading at a slow but ateady
pece to fresh areas. Previous reviews on the subjeot (Menon, 1961
Varghese, 1961; lal, 1964 end 1968) reveal that soil sickness charscter-
ised by Mm%nwww_um
minepal deficiencies, joularly of Ca and Mg, play & decisive rle
in the incidence of the diseamss. The clencies or excesses of certain
trace slemants are alsc strongly indicated. The results of tissue
analysis ruled out the possibility of direot involvement of major

———

3 nutrients (NPX) in the incidence of dimease but stressed on the probable
e deficiencies of secondary nutrients (Ca and Mg) and to some extent Fe.
& The imbalance in nutrient ratios sich es K/Mg and X/Ca had also been

observed in the diseased tissues. Beneficial effect on the redemption
of foliar yellowing was alsc raported due to the application of Mgt0,,
FeS04 and elemental sulphur. ‘
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Investigations from other angles viz., mycology, y'rclogy,
becteriology and nematology have indicated the assooiation of more than
one factor in the incldence of the disease, clearly showing the complex
nature of the vroblem. Despite the multi-disciplinary approach to
unravel the mystery, it has still remained elusive. Lven though
investigationa have been centered around various asgpects of the disease
gince the birth of this sentury, a systematic approach to the nutritioen
of disease affected palm was made only recently. Thle paper proposesn
to encompass the results of the detailed investigations carried out at
thia Institute on the nutrition of root (wilt) affected coconut palm.

In the studies taken up sarlier upto 1968, selection of sites for collect-
ion of aoil and leaf samples was confined to the disease affected belt.
Robert Cecil (1969) showed that leaf nutrient composition of diseased and
healthy palms (apparently healthy) from disease affected tract were almost
gimilar but different from that of healthy tract. He observed that leafl
Ca and Mg levels were invariably lower in palms growing in disease
affected area irrespective of the condition of the palm. Similarly sum
of the cations in leaf (K+Ca+ Mg) and the ratios viz. K/Ca and X/Mg were
higher in all these palms, This showed the co-existence of diseased and
healthy-looking palms side by side and that the appearance of disease
symptoms on the apparently healihy palms was only a matter of time. The
study was restricted only %o major nutrient analysis in a limited number
of leaf samples and no consideration was given to soil aspects. A
dotailed nutritional survey was, therefore, taken up in order to study

the macro and micronutriemt status of different solls and healthy and
disease affected palma.

MATERTALS AND METHODS

Ths survey covered the major cocomut growing soil groups of
YXerala State viz. laterite, alluvial, reclaimed, coastal sandy and sandy
loam from both healthy and 4disease affected areas, The general character-
istics of the Kerala soils are presented in Table 1. The total number
' \of samples (733) from different soil groups was catagorised into seven
groups based on the condition of palm and avea sampled, viz. (i) Healthy
(healthy area), (i11) Apparently healthy (transition zone), (iii) Apparently
healthy (disease affected zone), (iv) Foliar yellowing (transition smne),
(v) Foliar yellowing {disease affected zone), (vi) Foliar yellowing +
Rubbery kemel (transition zone) and (vii) Foliar yellowing + Rubbery
kernel (disease affected zone). The transition mne borders the healthy
and disease affected tracte (Fig.I). The palms seleoted for sampling were
invariably in the middle stage of disease with all the characteristic ,
gymptoms manifested on the foliage, follar yellowing being the rredominant
one. As rubbery kemel of nut (bad guality nut with thin and rubbery
copra) is algo asmociated with the disease in soms cases, these samples
were treated sparately. Soil and leal samples were collected at intsrvals
of 6.5 lm or accoxding to availability. Soil samples up to a depth of
50 om wers collected from the bagins of five palms at each looation and
compositéa, Similarly representative leaf (numbered 14th, Fremond ef al.
~: "1968) samples were also drawn from the same palms and composited. All
“"¢he samples were amalysed for major and micro nutrients by standard methods
(Makson, 1967). The datsa were statistically analyeed by computer using
analysis of varisnde teohnique. -
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RESULTS

Major nutrients (N, P and K):

M Cenerally total nitrogen content of healthy scils is lower than
that of disease affected area with the exception of coastal aand and sandy
loam (Table 2). In reclaimed soil, even though there is a maerked increase
in $otal nitrogen in the diseased soils, the atatistical analysis failed
to show any significance which may probably be due to the high variation,
Available P did not differ while exchangeable K was lower in diseased
tract in sandy loam and reclaimed soil though only in the former was there
any statistical significance. .

. In the case of leaf levels of these mutrients (Table 3) healthy
palms showed lower levels as compared to the diseased and in most of the
cases the differences were statistiocslly significant., Generally speaking
the tendency of these nutrients is to acoumulate in the diseased palms.
The higher levels of niirogen corroborates with the levels in soils,
however accumulation of P and K does not correspond to thelr respective
soll levels.

The level of sodium was found to be significantly higher in
alluvial and reclaimed soils in healthy zone. ‘

Secondary elements (Ca, Mg and S): 9

There was no difference in exohanﬁoAble Ca and of soil
between healthy and dieeased zones (Table 4). In cont y sulphur
ﬂ%wmr%w significantly 60 ih
alluvial an dy loam. Lea. 8 also more or less followsd the
game pattern (Table 5). - :
Trace elements (Fe, Mn, Zn, Cu, B, }o and Al):

“ . Among the soil micronutrients (Table 6a, b and ¢) Fe was signi-
ficantly higher in laterite and coastal sandy in healthy zone., Fasily
‘yeducible and active Mn fraotions were significantly higher in laterite,
coastal sandy and sandy loam soils of healthy tract, while exchangeable
h was higher in sandy loam. Zinc was found in significantly higher
concentrations in healthy zZone in alluvial, reclaimed and coastal sandy

. #0118, The trend was similar in other soils also, but not significant.
Molybdenum status of slluvial scil in healthy zone was significantly low
as compared to the diseased zones.

Foliar levels of micronutrients (Table 7a and b) showed that

Zine was invariably lower in diseased pelms. Manganese was signifiocently
higher in healthy palms growing on ooastal sand and sandy loam. Even
though a similar trend was observed in other soils also, the difference
between healthy and diseased palms was not significant. Iron content of

““healthy palms on alluvial and laterite was signifioantly higher than that
of diseased palms on the same soils. In healthy palms on coastal sand,
the molybdenum content wes significantly higher than that in diseased
palms, The trend was similar on other soils, but not significant. Boron
content of healthy palms was higher in alluviel.

In the case of Al which is considered as a toxic element, the
healthy palms were found to contain significantly higher amounte of Al
in all soils as compared to diseased palms. .



DISCUSSION

In as much as the etiology of the disease is still unknown, it
1s important to bear in mind the complex nature of the symptoms and the
results of investigetions carried out in 2llied fielde while discussing
the nutritional aspects. Nutrient regimes in soil may have & direct

bearing on the incidence of dissase In case of absolute deficiencies or

toxicities or it may well vredispose the plant to the invasion of
pathogens. Iikewise, the leaf levels of nutrients may either be &
direct reflection of so0il notrient status or a conseduence of the
impaired metabolism after the plant takes up the disease. Distinct-
jon of these two types may be achieved without bias if comnariscn
is made of leaf lavels of diseased and healthy palms along with
their soil levels simultanecusly. The methodology followed in
this work renders such a eomparison and 1s a distinoct advantage
over that of past works., Tor convenience in discussion two terms
have been used throughout the text, viz. a) 'diseased soils' which
rofers to the soils in the diseass affeoted area and b) t'deficient’
which refers to palms or soils whose nutrient concentration in
gquestion is comparatively lower than that of healthy.

The grouping of the data under seven catagories clearly
ghows that the apparently healthy palms are more towards the diseased
condition as far as the nuirient status is concerned. From this
point of view these palms may be looked upon as an early stage in the
development of the disease. From the foregoing obtservations on the
soil and leaf nutrient status of different catagories, at least some
nutrients stand out vividly giving a consistent and clear ocut pattem
in all soil groups with respect to the disease incidence. Higher
oontent of N in soil which is also reflected in the leaf may be
pointed out as a factor which may suoccumb the plants to pathogen
attack bocause of the higher succulency the plants would likely to
develop. A higher content of K in leaf of diseased palms on most of
the soils barring only reclaimed and coastal sandy cannot be accounted
for by the exchangeabls K status in soil. In the case of leaf P also
a similar trend was noticed. Such variations from the norwal may be
caused by the physiclogical derangenent in the palm aas a result of the
diseass 1tself. These observations rule out the possibility of the
agsoeiation of mejor nutrient deficiencies with the disease.

With regard to Ca and Mg no regular pattern is apparent.
Yoreover the results do not agree with the previous observations
made by Ceoil (1969) that low levels of Ca and Mg in paln may be the
major factors responsible for the disease inoidence., However imbalances
in the oationic ratios in diseased palms are clearly evident (Fig.2A).
The ratics K/Na, K/Mg, K/(Ce+lig) and K/ (Sa+Ca+Mg) are oonsiderebdly
jower in healthy palms indicating the predominance of X in disensad
palms. In all these cases 1t is interesting to note that there is &
step by step inorease until the palms get foliar yellowing, the apparently
healthy pelms being intermediary between the healthy and palme showing
either folliar yellowing or both foliax yellowing and rubbery. kernel. When
the total oontent of monovalents (K+Na) and that of divalents (Ca+Mg) were
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compared (Fig.3) the values showed a steady increase in the total mono-~
valents with increasing disease intensity and divalents Just the reverse
trend. In this context it is appropriate to refer to the recent work of
Wahid ot al. (1974) who showed that the mean values of total monovalents
in leaf decreased and divelents inoreased with increase in root CEC of
the palm. The exlstence of pectin degrading fungi (ILily and Jayasaniar,
1974) on the diseased roots has been Teported. Pectin being responsible
for nearly 100% of root CEC (Crooke et al., 1960) the decomposition of
root pectin by the invaded organism may be expected to lower the root
CEC and hence increase the absorption of monovalents in preference to
divalents. Such & possibility ocammot be overlooked and meritia further

investigation. It was alsc reported (McLean et al., 1956) that in some
crops an increasing nitrogen level in scil may also increass the root
CEC in which case a higher root CEC and a higher foliar level of
divalents may be expected as nitrogen level is high in diseased palms.
However, in coconut no inerease in root CEC was observed with increase
in either N, Por K (Wahid - unpublished data).

Among the aecondary nutrienta S seems to be of importance.
BEven though the available S content in healthy is sigmificantly higher
only in alluvial, in other soils also a similar trend is quite apparent.
Sulphur contents of leaf aslso follows a similar pattern with a very few
exceptions. Sulphur being a oconstituent of certain amino-acids, which
ge into the formation of protein, the protein metabolism may be adversely
affected. Another striking evidence of the S deficiency may be obtained
from N/S and P/S ratios (Pig.2B). Both these ratios are higher in the
diseased palm which is suggestive of the hidden hunger of this nutrient.
The widening of these ratios carmot be attributed solely to the inorease
in either N or P, as the absolute amounts of S in leaf and soil are also
nerally lower in the disease affected tract. The work of Southern
%‘i-;gﬂ on sulphur deficiency in oocoonut is pertinent in this context.
He found that main symptoms manifested by 2 sulphur deficient palm were
orange yellow leaves, arching and weakening of rachis. Colouration may
vary from greenish yellow to bright yellow and in some cases vivid orange.
The deficient palm produces nuts of normal meat thickness but on drying
they collapge to a thin rubbery copra possessing very poor rhysical and
chemical cheracteristicos. These observations, especially on the rubbery
. nature of copra which is associated with root (wilt) disease in some
cases but not in all, are of great importance as far as the results of
the present study are concermed.

Among the mioronutrients, Cu and B do not seem tc vlay a role
in the incidence of disease. The main emphasis msy be placed on Zn, Mn,
Fe and Mo in this group of nutrients. The difference in Zn content of
both moil and leaf between healthy and diseased tract is the most
contrasting of all, The diseased palm, in general, showed a very low
conoentration of less than 10 ppm while healthy pelms registered a mean
value well above 15 ppm. Zn/P ratio is also more than double as compared
to that of diseased (FMg.2C).

In the case of Mh, different fractions gave different patterns
in soils and the relation of a single fraction with the dlsease was also
not oonsistentt in different soils. However, leaf values were considerably
lower in the diseased palms and in coastal sand the diseased palms geve
extremely lower valuee (less than 10 ppm) as against a mean value of
83.6 pmm in healthy palms. As in the oase of Zn, Ma/P ratio is almso
oongiderably higher in healthy palme (Fig.2C).



Molybdenum and Fe content of soils did not show much relation
to the disease though the latter is higher in healthy Zone in laterite
#oil., The leaf concentration of these twe nutrients, however, were
lower in diseased palms similar to that of Mn. As the border between
levels of sufficienoy and deficiency is very narrow in the oase of Mo,
any value less than that observed in healthy palm may be viewed with
e(tuapioir;n. A higher ratio of P/Fe in diseased palms was also observed

HMg.2C).

These findings go to show that one or more of nutrient deficiencies
may be involved in the incidence of the dissase, It may also be pointed.out
that the symptoms manifested by the diseased palm may not be the consequence
of the deficiency of one particular nutrient but a combination of symptoms
involving many nutrient deficiencies and the imbalances of nutrients diasocusse
By and large, the study has given suffiolent insight into the probable
nutrient deficiencies associsted with the disease. It is also interesting
to note that excepting Cu and B, the contents of all other treace elements
including Al in the diseased palms are lower than in healthy palms. The
leaf acntents of Cu and B are lower in diseased palms only in alluvial soil,

Based on these observations future lines of work from the nutri-
tional point of view may be directed towards eluoidation of nutrient
defloiencies of S, Zn, Mn, Mo and Fe in the root (w{lt) affected palms.
Fleld experiments on the effect of application ef these nutrients are in

progress.
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Pig. 1 Map of Kerala showing healthy, root (wilt) affected
and transition areas with mampling sites,
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