OBSERVATIONS ON THE SUDDEN WILTING OF
COCONUT PALMS AT THOTTAPALLY SPILL

WAY AREA IN TRAVANCORE-COCHIN
BY K. M. PANDALAI, H. SANKARASUBRAMONY AND K. P. V. MENON
(Central Coconut Research Station, Kayangulam)

Introduction

THE village of Thottapally lies on the
road side between the 38th and 40th
miles on the Quilon-Alleppey main road.
A spill way is being constructed by the
Government of Travancore-Cochin at
Thottapally in connection with the
Kuttanad Development Scheme. It was
necessary for this purpose to dredge out
soil from the channel sites leading to the
spill way and dump it on both the sides to
raise the level of the land. The entire
area, where, the dredged material has
been dumped contained many healthy
and well bearing coconut palms. Soon
after the dredgings began to be dumped
to the bases of these palms it was
observed that the trees developed
symptoms of wilting which progresseé) in
rapid strides and caused their death with-
in the course of six to eight weeks. The
intensity of wilting appeared to be a
factor which depended upon the quantity
of dredged material received on the spot
as well as on the period during which the
root system of the palm was in contact
with it.  This observation pointed to the
conclusion that the cause of the wilting
could be a factor or set of factors associa-
ted with the changes in the soil conditions
brought about by the dumped material.
The changed soil conditions possibly
interfered with the functions of the
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conducting system in the palms con-
sequent upon the imtial root injury. In
this paper the results ‘of investigations
carried out to trace the exact cause of the
wilting are described and discussed.

The Wilting Symptoms

The first visible symptom was the
browning and drooping of the outer most
leaves which started from the leaf tip and
proceeded rapidly to the leaf stalk. The
affected leaves soon dried up. This con-
dition proceeded rapidly to all the leaves
in the crown.of the palms. Within three
to four weeks of tﬂe occurrence of the
first symptoms all the leaves dried up
and soon the dried and the desiccated
crown broke off from the stem and fell
down. The different stages in the wilting
process can clearly be seen in the illustra-
tions given on the next two pages.

W. Nowell (1924) was the first to give
the name of “wilt” to a condition of the
palms which showed the above type of
symptoms.  Although some similarity
exists between the symptoms described

‘above and those exhibited by palms

suffering from the bronze leaf wilt disease
at Trinidad as described by F. M. Bain
(1937) and H. R. Britton Jones (1940) it
may be mentioned that unlike the bronze
wilt, there is practically no yellowing or
bronzing of the leaves in the case oF the
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Flg. | —First stage of w1]tm;. Note the drooping - Fig: 3.—Third stage of wilting, Note only IlOPmC'“
. ~ ‘of the outer whorl leaves. Note also trees crown leaves living.
+ in background not wilted since no dredged : : '

- material has been dumped there. ;

. '

Flg. 2.—Second stage | of Vgl]tmg. Note almost alli Flg 4 —Fourth stage of w:ltlng Even the crown
leaves wilted and drooping. ~ leaves have wilted.
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Fig: 6.—A general view of the palms in the area..

trees wilting at the Thottappally area.
More over, . it has been reported ll":nt'the
death of the affected palms at Trinidad
) ﬁl::aﬂy occsrs'dm.: toa e:i:ft ‘riot attad:irl:g
ig: 5.—Fifth [ of wilting, the crown during its weakened state. In
Fe ﬂl,f.: I::‘:‘ ;]:.k':m . Ony the case of the palms at Thottapppally
. . there was definitely no evidence of any

) bud rot. The end got simply dried u
as a result of complete deprival of avail-
able moisture and the whole crown
d d dme.d Blanchu; ofedimpn::]t:uré
nuts and opened and un spadices
hang on to the palm tﬁrctnhey are com-
slcteh[ and fthl'-:n fall dovl\;:.l The
roppi own of the crown, t eaves
or niundm was not found to be
associated with any organism causing
decay, and the symptoms were almost
similar to those shown by palms subieeted
to desiccation by severe drought condi-
tions or to those shown |:3r‘ ms whose
Toot systems got severely damaged. Nuts,
ices, etc,, could be seen to be adher-

ng to the palm till the last stage of death
but with the obvious sign of drying out.
whole crown later falls down as a

completely dried up debris,

T From the above considerations the

Fig: 7.—Healthy coconut. palm standing in the indications are that the wilting ;
jacent area which does not receive any | ng is the
:fm dm:::“ . - result of a nutritional or physiological
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malady similar to the one described by
F. Stell (1930) in Trinidad. That it is
not merely a moisture factor is certain on
account of the fact that the whole
area is a low lying coastal region
with the water table only about two
to three feet below the ground level.
Further, the palms in the adjacent vicinity
which have not received any dredged
material are in quite good condition.
The abundant growth of coconut palms
in this locality warrants the conclusion
that there is good sub-soil water seepage
and consequent good drainage. Want of
these cannot therefore be the cause of the
wilting. The problem of wilting, thus
appears to centre round the change in
the soil canditions brought about by the
peaty sub-soil. The examination of the
root systems of affected palms revealed

that almost all the roots were in a dead.

or dying condition. The more advanced
the stage of wilting of a tree, the more
dried up were its roots. Indeed the
roots of the different trees given in the
photographs to illustrate the different
stages of the wilting showed drying up of
the roots also in the same progressive
order. Microscopic examination of the
roots in the different stages of drying up
falled to reveal the association of any
parasitic organisms. It was thus quite
obvious that the derangement was purely
a physiological one.

Experimental

A comparative qualitative study of the
dredged soil and sub-soil water from the
affected areas was carried out with a spot
test unit. The results obtained are re-

corded in Table 1.

Table I showing the results of the qualitative spot test

verg | Description | oo I Alumini Chloride | Sulphate
p“::plo of source eaction ron uminium e p
| Wilted area | Highly acidic High Trace Moderate Moderate
Soi
Normal healthy|Slightly acidic Trace Nil Trace Trace
area
Wilted area [Nearly neutral High Trace High High
Sub-soil
water Nonn::ei;eahhy Acidic Trace Nil Trace Nil
Wilted tree Trace Nil .
Root
Normal tree Nil Nil
From an area
Fresh |where this has )
dredged [fallen recently.| Alkaline Trace Nil Trace Nil
water Trees not yet
wilted
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From these results it may be seen that
the low pH of the soil, the presence of
soluble iron and aluminium and appre-
ciable amounts of chlorides and sulphates
in the dredged material are among the
main factors which appear to be the
cause of the sudden wiﬁing of the palms.
Such a high concentration of salts in the
subsoil may be expected in this area since
1t 1s just on the sea coast and subject to
water-logging by tidal waters, especially
during the monsoons. The presence of
considerable amounts of soluble salts in the

acid peaty soil due to the organic acids
produced during the course of decompo-
sition of the organic matter which con-
stitutes about 60 per cent of this soil has
already been observed by K. R. Narayana -
Iyer (1923). An examination of the
dredged soil as well as surface soil from
adjacent sites, where, trees were growing
quite normal and healthy was ' therefore
thought worth while. ~Accordingly the
different samples described in table 1]
were examined carefully to verify the
results of the spot tests.

Table II giving the description of the samples examined

DredgedA soil dump. 4 feet deep.
Sub layer from the above 2—4 feet.

Sub layer from above 9°—18~.

Sub 91l from'the above bund 12—24.°

CENO VAW -

healthy and bearing condition 0—12°.
10.  Sub soil from above 12—24",
Only those factors which are known
to have immediate significance with re-
gard to the normal growth of the palms

Table I showing the major nutrient contents of the two sets of

Dredged soil dump 2 feet deep. Trees partly wilted and the wilting in slow and
Heslthy surface soil from a bund adjacent to the wilting area 0—12°

Description of Sample
Trees wilted completely. Surface layer 2 foet

Dredged soil dump. 3} fect deep. Trees just started wilting.
Dredged material from a dump 14 feet deep. Trees completely wilted. Surface layer 0—9-. .

steady progress

Healthy surface soil from another bund on another side of the affected area. Treesin very

were determined in the above samples.
The results are presented in table IIF.

samples examined

No. | GO0 % Mg0% P,0,% K.0% N% C% C/N
| 0045 0044 Trace 0054 0024 0688 287
2 0-031 0036 0038 0024 0°260 108
3 0028 0034 0028 0050 2:120 404
4 0-134 0192 0085 0154 2074 135
5 0062 0068 . 0-021 0064 1044 12°4
6 0037 0-392 0029 0113 0-190 10- 14 534
7 0050 0144 0044 0090 0210 3255 15°5
8 0100 0188 Trace 0136 0204 4697 230
9 0020 0048 0017 0-186 0032 2623 820

10 0028 0058 Trace 0197 0137 0056 041
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These figures show that there is very
little difference in the major nutrient con-
tents between dredged soil material and
the soils collected from the base of the
palms which have not received any addition
on the surface by way of dredged mate-
rial dumping.  The results also show
rather low nutrient contents in the dred-
ged material, its carbon / nitrogen ratio
being rather high. Exactly similar con-
clusions were reported by C. K. Naraya-
nan Nair (1943). The rather high per-
centage of carbon in some of the samples
appears to be due to the presence in them
o? large amounts of organic matter due
to the existence of the woody residues
and the decaying of aquatic vegetation as
suggested by K. Parameswaran Pillay
(1924). It has been shown by V. Subrah-
manyan (1929) that in submerged soils
containing large amounts of organic matter
in readily decomposable forms the dis-
solved oxygen of the surface water is rapidly
utilised and considerable amounts of

organic acids chiefly lactic, acetic and,
butyric are produced. It may be expected
that the acids thus produced will react
with the soil minerals and bring them in
increasing quantities into solution. Indeed
it is often found that the dredged
material contains a high clay fraction and
partially decomposed logs of wood long
submerged under the soil. This clay
materiafalso effectively helps to cover off
the surface of the soil.

In order to obtain a knowledge of the
exact nature and extent of the oxidative
changes in the dredged material after
exposure to air, samples of these when
freshly collected and after air drying were
examined. Determinations of pH and
the sulphate content of all the six samples
given in table II together with the
samples 7 to 10 from the non-wilted areas
were carried out.  These results as well
as the results of determination of moisture
and chloride in all these samples are given

in table V. -

Table IV showing the moisture, chloride, sulphate contents and pH of the different samples

Moisture % | Sulphate p. p. m. pH
Sample zvci)]en f?:;t Chloride :
. AU B AN P. p- M. After air ' After air
basis) Fresh drying Fresh drying
| 519 5946 2229 21417 310 305
2 87°3 1331 1094 12544 475 375
3 2042 1598 579 14533 690 466
L4 898 1509 1505 14574 3-80 405
5 1721 2308 785 17291 620 470
6 1870 3834 1865 35473 600 380
7 95 444 741 742 410 400
8 78 888 334 334 400 4:00
9 36 266 Trace Trace 620 620
10 51 888 Trace Trace 5:40 5:30

Some very interesting observations
emerge from these results. Itisseen that
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the dredged material contains an un-
usually high percentage of moisture, often
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rising up to 200 per cent of jts dry weight.
Evidently this moisture a pears to be
unavailable for plant groth since it is
held in a sort of collojdal combination
by the clay fraction of the dredged mate-
nal. The clay content of a soﬁ imparts
to it colloidal properties. The dumps
therefore, shrink on drying and form large
gaping cracks very wide and oftea more
than a foot deep.” This causes damage
to the roots. The absorbed water is also
eld up even when the sojl apparently

appears to be dry.  In this connectjon
the observations made by T.R. Narayana
Pillay and V. Subrahmanyan (1931) that
the high moisture content of these soils
is due to the presence of certain resins
which form protective coats around the
soil particles pPreventing water movement
1s very interesting. On the same account
nutritive factors present in these soll
articles are prevented from getting ré-

rcaacd out into the soil solution. It may
thus be seen that a coconuyt palm whose
root system happens to be covered by
such a material will not be able to take
up water or nutnents for its sustenance.
The initial reaction to such a state of
affairs would be the drying up of the
roots followed by comiplete failure of root
function and consequent wilting up of the
aerial parts of the palm. ot only 1s
there no moisture supply to counteract
transpirational Josses, but there s also
no moisture available to the roots for
nutrient absorption. It can also be seen
that the dredged material when collected
fresh contains moderate amounts of
sulphates and gives a reaction in the
range of neutral to slightly acid. The
same samples after air drying give much
higher values for the sulphate content
and shifts the reaction more to the acid
side. This is not the case with the
samples from the non-dumped areas.
s can be explained only by the
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assumption that the fresh dredged
material contains some reducing com-
pounds such as sulphides which, on air
drying and consequent oxidation, become
converted into sulphates. There is in
fact considerable evidence of the fresh
dredged material and the sub so| water
in .the sites where the ‘material was
dumped being very heavily charged with
hydrogen sulphide. After exposure to
air, sulphates are progressively formed
and there was also evidence of the forma-
tion in certain sites of free sulphuric
acid. Hydrochloric acid also would be
formed by the hydrolysis of the iron and
aluminium chlorides.  Similar observa-
tions have been recorded previously by
T. R. Narayana Pillaj and V. Subrah-
manyan (loc cit). In sharp contrast to
the above are the samples from the
adjacent sites which do not receive any
suL soil dumping. These did not show
any fluctuation in their reaction or sul-
phate content; nor had they any abnor-
mal content of moisture in them. The
high concentration of chlorides in the
dredged material is only due to the saline
nature of the soil and sub soil water jn
the locality which lie often submerged
under tidal waters containing a high
chloride and sulphate concentration.

The effect of soil acidity on plant
growth has been shown to be mainly
secondary and this manifests jtself in the
shortage of available calcium and phos-
phates on the one hand and excess of
soluble manganese, aluminium and other
metallic ions on the other (E. J. Russel
1950). “The pH of the soil affects the
root system mainly indirectly, for, the
root or plant suffers from consequences
of pH before the actual hydrogen or

hydroxyl jon, concentration has any
harmful effect (E. J. Russel loc cit
page 590). Thus it is well known that
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the root system can get poisoned by
soluble aluminium and manganese ions
on the one hand and from a shortage of
available calcium on the other before the
hydrogen ion concentration itself begins
to be harmful. Since the results given
in table I have shown that iron and

aluminium are among the ions present
in the subsoil it was necessary to make:
quantitative estimations of these and the
condition in which the iron was present.
This was, therefore, done and the results
are shown in table V.

Table V showing the iron and aluminium contents of the

different samples

Water soluble Water soluble Water soluble
Sample | reducing compounds Water soluble . iron and aluminium
. No. as ferrous iron iron p.p.m. . sluminium by difference
: p.p.m. p.p-m. p-p.m.

| 4176 5711 - 5744 33
2 14460 8345 8484 139
3 7319 9335 10322 987
4 9312 5676 5676 ' ..
5 7582 9679 9691 ' 12
‘6 1370 624 1351 727
7 Trace Trace Trace .o
- 8 do. do. - do. ’ ee
.9 do. . do. do. .
1o do. _do. do. .o

“These results show that the dredged
material contains ferrous iron in ?air
amounts and aluminium in small, but
toxic amounts. Excess of soluble alu-
minium when present in the soil solution
is known to accumulate in plant roots
(G. E. Hutchinson 1943) and thus
reduces the power of the roots to trans-
locate phosphates from the soil to-the
vascular system (A. W. Blair and A. L.
Prince 1923, K.E. Wright 1943, E. J.
Hewitt 1948). Besides these, the
dredged material also contains reducing
agents such as sulphides and it would be
exceedingly difficult for the root system
under these conditions to get water or
nutrients from the soil. Ferrous iron
itself is highly toxic to plants. (H. O.
Buckmann and N. C. Brady 1952). Thus

is especially true if poor aeration occurs

ne

in an acid soil. In the present case this
is coupled with the presence of other
reducing compounds which constantly
use up all available oxygen for their
oxidation or at any rate maintain a
reducing environment to the root system.
The results of table IV have shown that
there is a colloidal factor in the dredged
material which iIn  certain sites
have attained a thickness of three
to four feet. Complete absence of .
air in the root rhizosphere results under
these conditions and causes the suffoca-
tion of the entire root system; For entry
through the roots water has to pass
through a thick layer of cortical cells
before reaching the conducting vessels,
the xylem. It is probable that resistance
to water passage through roots is brought
about by the reducing conditions caused
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by the presence of ferrous iron. This
indeed appears to be among the primary
causes of the damage and death of the
roots, the effect of which finally causes
complete wilting and death of the palms.
Besides lack of air, there is also
lack of available moisture, high
acidity, presence of reducing agents
like ferrous iron, sulphides, toxic agents
such as aluminium, sulphides, ferrous
iron, etc., as well as lack of essential
nutrients such as phosphates and available
calcium (vide table II1). All these factors
contribute collectively to impair the
normal plant processes resulting in the
ultimate death of the plant. Even though
manganese is also usually among the
soluble ions present under the conditions
when soluble iron and soluble ammonium
are present, this element could not be
detected in the soil or sub soil water.
Manganese thus does riot appear to play
any part in the sudden wilting of the
parms described in this paper. The
increased acidity due to tEe oxidative
changes in the exposed dredged material
and the formation of free acids by hydro-
Iytic reactions are found to progressively
bring more of iron and aluminjum into
the soil solution. In this connection the
findings of N. Subramoney (1951) is
interesting and noteworthy. He has
recorded n his studies on the kari soils
and measures for their reclamation for
paddy cultivation that the amount of free
sulphuric acid formed on such soils often
amounts up to even 2 per cent of the total
weight of the soil. ﬁle also noted the
presence of yellow patches consisting
mostly of iron and aluminium sulphates
on these soils. Such crusts were observed
also by the present writers on the dumps
of dredged material at Thottapally. Soon
after the surface of the dumps begins to
dry up, yellow incrustations were seen to
be formed, and on analysis these were
shown to be essentially mixtures of iron
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and aluminium sulphates. The concen-
tration of ferrous iron and ferric iron in
the yellow material was found to be 5500

.p.m. and 4600 p.p.m. respectively.
%Eis material can further act as a source
of free sulphuric acid due to hydrolytic
changes.

Discussion

The problem of the acid peaty or karl
soils of Thottapally has been the subject
of a certain amount of work notably by
Parameswaran Pillay (loc cit) Narayana
Pillay and Subrahmanyan (loc cit)
Narayana Iyer (loc cit) Narayanan Nair
(loc cit) anci' Subramoney (loc cit). At
Thottapally the surface soil is almost a
normal sandy type while the subsoil is
of the acid peaty type consisting of a
colloidal mixture of clay,silt and partially
decomposed organic matter. It is this
mixture that is being dredged out and
dumped on the base of the healthy

.coconut palms in the surrounding gardens.

From the foregoing considerations, the
undesirable effects of this dredged
material could be easily understood.
This acid peaty soil differs in properties
from the backwater, canal or river silts
which are with great advantage applied
to the sandy coconut tracts of the coast
as an ameliorant and the scientific
rationale of the application of which we
have recently elucidated. (H. Sankara-
subramoney et al 1952). The wilting of
the palms which soon follow the dump-
ing of the peaty subsoil appears to be an
immediate and direct consequence of the
changes in the soil conditions. The
material on exposure undergoes oxidation
with the formation of free acid and
consequent solubilisation of increasin

quantities of iron and aluminium. Aﬁ
these factors viz.the lowered pH, the.
increased iron and aluminium contents
of the soil solution reaching toxic concen-
trations, and the anaerobic environment
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cause iIntense root Injury In more
than one way. Moisture present in the
soil drains of{ and the combined water of
the peaty soil is unavailable. This con-
dition causes water scarcity and, therefore,
desiccation of the root system. A
strong reducing environment due to the
presence of sulphides, ferrous iron and
the sealing off of the surface soil by the
dredged material causes intense root
suffocation and puts them completely out
of function. A desiccation of the entire
aerial parts of the palm results and the
wilting and death of the palm is complete.
The geath of the root system and the
wilting of the palms appear to be purely
a physiological factor since no organism
could be isolated from either the roots or
any other part of the palm. The
appearance of the wilted palms was
similar to palms which get wilted as a
result of drought conditions.

Summary _

1. The cause of the sudden wilting
of coconut palms in the Thottapally
Spillway area, where, peaty su%soil
has been dredged out and dumped on
to the bases of healthy palms has been
investigated and described.

2. The wilting of the palms appears
to be due to their desiccation and root
injury as a result of the change in the
soil conditions caused among other
factors viz. .

(a) the high acidity of the dredg
subsoil and subsoil water.

(b) the presence in it of readily
oxidisable agents such as sulphides, ferrous
1ron etc. .

() the presence in it of toxic agents
such as soluble ferrous iron and soluble
aluminium

(d) potential capacity of the subsoil
for the formation of free mineral acids
by hydrolytic changes as well and

(¢) complete anaerobic condition in
the root rhizosphere causing intense root
suffocation.

3. The cause of the wilting has been
shown to be purely a physiological factor.
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