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Studies on soil conditions in relation to the “Root”
and ‘‘Leaf”’ diseases of the coconut
palm in Travancore-Cochin

Part VI. The combined water, hygroscopic water,
loss on ignition and water-table aspects

of coconut soils

K. M. PANDALAI, H. SANKARASUBRAMONEY & K. P. V. MENON
Central Coconut Research Stations, Kasaragod & Kayangulam

INTRODUCTION

lN- previous papers Sankarasubra-
money et al., (1954, 1955, 1956)
and Pandalai et al, (1958 a, b)
have discussed wvarious aspzcts
of soil conditions in relation to
the root and leaf diseases of the
coconut palm in Travancore-
Cochin. They have reported certain
interesting correlations particularly
with reference to the pH, available
potash, iron and calcium contents
which are lower in the diseased
coconut areas than in the healthy
areas. The ‘values for total
bases and per-
centage base saturation were also
lower in the diseased areas than in
the healthy areas. The exchange-
able hydrogen content alone
appeared to be higher in the soils
of the diseased areas. They also

observed that a large proportion

of the localities in the diseased
group had water-table or some
impermeable layer near the soil
surface.

In common with most agricultural
crops, moisture is a great limiting
factor in the successful cultivation
of the coconut palm A proper
supply of moisture either through
well distributed rainfall, per-
colation water or irrigation and
sufficient drainage are essential
for the proper growth of the coco-
nut. From root absorption experi-
ments Copeland (1931) has
calculated that the palm can
absorb 24 litres (541b.) of water
per day, but from the determina-
tions of evaporation from the
leaves he is inclined to place this
figure from 28 to 45 litres Espino
and Juliano (1924) studied the

absorption of culture solutions
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through roots and showed that
this was more rapid during rain-
less days than during rainy days
and they place the water require-
ments at about 16 litres (36 1b.)
per day The wind makes a decided
difference in the transpiration of
the leaves but makes a much
greater one when the leaves are in
full sunshine as is more usual in
the dry seasons. According to
Copeland (/oc. lit.), one leaflet
loses in a dry day about 10.8 gms.
of water. This estimate varies from
28.1 kgms. to 74 kgms. as the daily
loss of water from a mature palm.
Duthie (1938) compared the soil
moisture relationships in the soils
from healthy coconut beds and
from beds carrying palms liable
to wilting. In heavy clay soils he
found that the slow lateral move-
ment of water and moisture
availability were key factors lead-
ing to the appearance of diseases.
The wilting point in a clay soil may
occur when there is less than 13
per cent. moisture present in that
. soil especially in the.presence of
sodium and magnesium ‘salts, high
concentrations of which hinder
absorption through the roots.

Copeland (loc. cit.) who investi-
gated in detail the water relation-
ships of the palms during drought
conditions has reported that after

_a prolonged drought in one of the
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districts of the Philippines, it took
the palms several years to recover
from the drought-injured vitality.
This indicates the importance of
available water supplies for the
coconut palm  for normal health
and productivity. He is, therefore,
inclined to lay greater stress on
the need to maintain the proper
physical composition of the soil
more than its chamical composition
so long as there is an assured
moisture supply in the seil readily
available to the palms.

Differences in the soil moisture
greatly modify fertilizer require.
ments. Generally soils in . dry
regions are not so leached as those
of humid regions and contain more
nutrients. Further, moisture supply
in these regions according to
Ignatieff (1952) is usually a greater
limiting factor than nutrient supply.
Indeed irrigation can change the
fertilizer need completely. It is
interesting that factors that inhibit
normal growth such as nutrient
deficiency, drought, or disease

raise considerably the ‘water

requirements of plants. Manuring
is known to increase the efficacy
of water use. One pound of water
has besn observed. to serve to
produce more dry matter on a
good soil under favourable weather
conditions than under adverse
conditions of soil and weather.
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Available potassium is a nutrient
factor which together with the
water supply -appears to act as
limiting factors in the growth of
the coconut palms since these are
known to interact in many ways
(Pandalai and Menon, 1957).
Under inadequate moisture avail-
ability potash absorption has bsen
never shown to be optimum even
in potash rich soils. These .consi-
derations show that soil moisture
conditions and their fluctuations
could have important bearing in
the root and leaf diseases of the
coconut palm in the Travancore-
Cochin area. Evaluation of the
moisture status of the different
soils from healthy and diseased
coconut areas was, therefore,
made as a routine in the general
scheme ‘of soil analysis in the
general plan to investigate the
soil aspects in relation to the
incidence of . disease, and the
results are presented in this paper.

MATERIALS AND METHODS

The details of the coconut areas,
the soils and the condition of the
palms, the analytical methods

adopted, etc. have all been
described in earlier papers of this

" series (loc. cit.). Hygroscopic

moisture was determined by pla-
cing a weighed quantity of the air

-dry soil in a weighing bottle in an

air oven-at 105°C for a period of

sixteen hours and then determin-
ing the loss in weight. The loss
on ignition was determined by
igniting the oven dry soil contain-
ed in a crucible in a muffle furnace
for 30-40 minutes at a bright red
heat and then determining the loss
in weight. The percsntage of
combined water was arrived at by
subtracting from the percentage
loss on ignition the percentage of
organic matter as described by

Wright (1939).

RESULTS AND CONCLUSIONS

The mean values for the per-
centages of combined water and
hygroscopic moisture in the soil
samples examined are given in the
Tables 1 and 2. Table 3 gives the
details about the number of locali-
ties examined under each group
and soil type which has got a water
table or some other impermeable
layer nearer the surface than six
feet. ‘

In Tables 4 to 11, given as
Appendix, are presented the
percentage of ignition loss, com-
bined water and hygroscopic
moisture in the soil samples
belonging to the different types of
soils under the two categories,
healthy and diseased areas. Loss
on ignition is determined as a
“gsingle value” constant and in-
cludes the organic matter and the
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TABLE |

Showing the percentage of combined water

Soil type
Group Horizon e -
Sandy A:Lua‘:rl)al Red loam Laterite

A 0.62 6.01 2.19 6.92
Diseased B 0.66 6.66 2.67 7.48

C — — — 9.58

A 0.77 4.16 237 9.47
Healthy B 0.74 4.37 3.50 10.10

C — — — 10.23

" TABLE 2.
Showing the percentage of hygroscopic moisture
Soil type

Group Horizon - —

) Sandy Alluvial loam Red loam Laterite

A 0.67 326 1.65 3.82
Diseased B 0.83 4.23 1.62 3.54

C . —_ — — 4.00

A 0.76 2.71 3.64 7.10
Healthy B 0.67 3.05 5.12 8. 10

c — — — 7.97
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TABLE 3

Showing the number of localities which have a water-table or other impermeable

layer nearer the surface than six feet

: No. of localities No. of localities
G | Tvp : Tolf:aclal?t?. sof where water-table where there is an
roup ype mined is nearer than impermeable layer
examine 6 feet nearer than 6 feet
Sandy 10 6 -
. Alluvial loam 8 -
Diseased Red loam 5 _
Laterite 5 - 3
Sandy 8 - -
Alluvial loam 6 - 3
Healthy Red loam 5 - -
Laterite 5 - |

combined water in the soil colloids.
The combined water is a measure
of the colloid content of the soil.

The following conclusions can
be drawn from the results given in

‘Tables 1 and 2:—

1. thereis a slightly greater
parcentage of combined water in
the soils of healthy areas belong-
ing to the sandy, red loam and
laterite types as compared with
the diseased areas;

2. in thecase of alluvial loam
soils the percentage of combined
water is higher in the soils from
diseased areas;

3. there is a greater peréentage
of hygroscopic moisture in the soils

from healthy areas belonging to
the red loam and laterite types;
and : '

4. soils from both the horizons
of the alluvial loam type and the
B horizon of the sandy type
belonging to the diseased groups
have a higher percentage of
hygroscopic moisture than the
corresponding soils from the
healthy group.

Both combined water and hygros-
copic moisture are factors which
reflect only the capacities of the
soils to retain moisture. This is
specially soin the case of combined
water which is!directly proportional
to the colloidal matter content of
the soil. Although neither the
combined water nor the hygros-
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copic. moisture is available to
plants and these values indicate
only the moisture retaining capa-
cities of the soils under examina-
tion, these do orientate soil condi-
tions and plant growth to a
considerable extent and it would
certainly bas interesting to see how

these rsact as predisposing con-

ditions in the soil for the onset of
the disease in the palms. However,
it would appear from the results
presented above that neither of
these factors has got any direct
correlation with disease incidence
in the coconut soils studied.

From the .results given in
Table 3 can be seen that of the
twenty-eight localities examined
under the diseased group. thirteen

have water tables which are within

six feet of the surface. Three
localities - have got impermeabls
rock barriers above the six feet
depth. Under the healthy group,
out of a total number of twenty-
four localities examined none has a
water-table as near the surface as
six feet and only four localities
have got other impermeable layers
within the six feet depth.

The coconut palm requires for

healthy growth at least six feet.

depth of well drained top soil. The
presence of the water-table nearer
to the soil surface naturally
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amounts to a state of water logging.

The presence of an impermeable.
layer may, in addition to restricting:

the development of the ro¢t system
of the palm, cause the formation

of a secondary water-table during.

certain seasons and in this . way
also cause a condition of water
logging. In such areas, during the
wet seasons the moisture may
be expected to persist above the
field capacity, and adversely
affect palms growing there. In
such situations the palms develop
only a shallow root system which
is not able to maintain the palms
well supplied with moisture and

nutrients during the dry summer
months when the top soil gets

thoroughly dry. The retention of
excess of soil moisture within the
root zone of the palm exerts on it
serious indirect detrimental effects
also. Soil aeration bescomes in-

“adequate. This condition restricts v
microbiological - activity in. the

soil and thus the availability. of
nutrients such as nitrates. In fact
De and Sarkar (1936), Wallihan
(1936) as well as Wallis and Sturges

(1944) have shown that in water- -

logged soils, denitrification  takes
place bringing about a rapid loss
of applied nitrates. Excess of soil
water can cause loss of nutrients
also by surface erosion. It is known
that the :uptake of all plant
nutrients - especially. potash is
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reduced in water-logged soils. Bain
and Chapman {1940), Smith and
Cook {1940) and Muller (1946) are
among those who have emphasised
the. essentiality of adedquate
aeration for the development of
healthy root systems. An oxcess
of soil moisture affects plants not
only by reduced oxygen supply
but also by increased patrtial
presdure of carbon dioxide round
the root zone. Oxidation of organic
matter will bs impeded as also the

- inorganic soil constituents. Such

eonditions actording to Hoseffer
(1948) and Leeper (1947), can lead
to an ificrease in the exchangeable
divalent manganese in the soil an
exéess of which has been shown
to be phytotoxic. Daji (1948) has
showh that the soils in the locali:
ties wheré the ’band’ disease of
arecanut is prevalent have a high
eontent of toxic and available
manganese as tompared to atead
which afe disease free. Usually
an ifdcrease in the ferrous iron
conitent of the soil is the result
of anaerobiosis due to moisture
©xXCesB in the soil. This as well a8
the reduced forms of some organie
compounds existing in water-
logged 86ils accordifig to Schreiner
(1923), até specially phytotoxie.
Aeharya (1935) has proved that the
afiaerobié decomniposition of organié
fmatter results in the formation of
organie¢ acids like aestic and
butyric acids; ahd gasss like

methane and hydrogen which also
have toxic action oh plants. These
acids in the absehce of sufficient
supply of bases in the soils,
lower the pH of the ground watef.
Obeservations made on the fluctua-
tions in the water-tables in pits
dug in the low-1ying coconut areas
at the Central Cocenut Regsdarch
Station, Kayangulam, have shown
that often the water-level rises &
only below two feet from the soil
surface and the pH of the water
even reached the range of 3.6 and
44. At this stage the sub-soil
watér was shown by Pandalai ef af.
(1957) to «ontain appreciable
quantities of érganic acids, acetic
and butyri¢ acids amonhg them
having beén identified.

It is well known that a high
soil moeistureé content favours the
activity of certain plant root
pathogens. Monteith (1924) showed
that ’‘club rot’ of eérucifers ig
favoured by a soil moisture content
of 60 per cent. and above. The
‘root rot’ of sugarcane studied by
Carpenta¥ (1934) and the bahana
‘wilt’ deseribed by Wardlaw (1941)
aré other fungal diseases which
are favoured by high soil moisture
content. Briton Jones (1929)
ih Trinidad found & definite
correlation  betwéen lack of
drainage and iheidetice of “bronse
leaf wilt” in the coconut, ahd Bain
(1940) has confirmed this. Martyn
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(1945) has recorded a disease of
the coconut palm in Jamaica
similar to the leaf disease of
palms in South India as being
favoured by high soil moisture
content. Dwyer (1940) has
attributed the coconut root disease
and maturation wilt in New Guinea
to physiological derangement
of the palm as a result of either

excess or non-availability of water .

in the soil. A root disease of the
coconut palm in the low-lying areas
in Ceylon subject to water logging
during the wet weather has been
recorded by Park (1928). Menon
and co-workers (1949, 1952) have
found that the coconut root infect-
ing fungi are capable of inducing
disease symptoms in young seed-
lings which are maintained under
water-logged conditions for forty-
eight hours after inoculation. All
these aspects have been discussed
in detail by Menon and Pandalai
(1958).

From the above discussion and
from ‘the fact that a large propor-
tion of areas where the disease is
prevalent are characterised by
high water tables it would appear
that a water-logged condition of
the soil might be one of the main
factors which predisposes the
coconut palm to disease attack.
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SUMMARY

l. The results of studies on
some aspects of moisture availa-
bility, moisture excess and
moisture deficiency aswell as water-
table of soils in the healthy and
diseased areas in relation to the
incidence of the root and leaf
diseases of the coconut palms have
been presented and discussed.

2. A higher percentage of
combined water in the healthy
areas in sandy, red loam and
laterite areas compared to diseased
areas (the reverse being the case
in the alluvial loams) as well as a
higher percentage of hygroscopic
moisture in the healthy areas in
red loam and laterite were found
to be rather characteristic.

3. From the facts that a large
proportion of the areas where the
disease is prevalent have high
water tables, it has to be concluded
that water logging of the sail is
a prominent factor which predis-
poses disease conditions in the
palms. '

4. The need for providing
facilities for .preventing water
logging of coconut soils by

securing good drainage con-
ditions and preventing continued
water stagnation at the root zone
has been emphasised.
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APPENDIX
TABLE 4

Showing the percentage of ignition loss, combined water and hygroscopic
moisture in the soil samples belonging to the type SANDY (SANDY LOAM)

DISEASED AREAS HEALTHY AREAS
Lab. Ignition | Combined | Hygroscopic Lab. Ignition | Combined | Hygroscopic
No. loss water moisture No. loss water moisture
I 0.76 0.36 i 0.77 19 1.97 0.96 1.43
2a 1.01 0.55 1.63 20 1.58 0.94 1.58
2b 0.9 0.72 1.87 2] 0.88 0.75 0.35
3 0.94 0.29 0.48 22a 0.56 0.38 0.33
0.86 0.36 0.55 22b 0.24 0.06 0.15
5a 0.90 015 0.94 23 0.73 0.62 0.34
5b 1.10 0.44 1.38 24 0.64 0.49 0.37
6a 0.52 0.22 1.35 25a .98 1.31 0.8l
6b 0.71 0.40 .51 25b 1.90 1.47 0.99
éc 0.93 0.52 113 26 1.54 1.35 i.23
7 0.94 0.80 0.98 27a 0.56 0.36 0.23
8 0.55 0.46 0.6l 270 0.32 0.20 0.35
9 1.49 0.72 0.55 28a 0.53 0.47 0.32
10 1.34 0.70 0.58 28b 0.69 0.63 0.28
] 0.68 0.36 0.35 28¢ 0.47 0.44 0.41
12 1.94 L19 1.03 29 0.98 0.64 0.26
13 1.44 0.85 0.70 30a 1.37 1.27 0.37
14 0.75 0.30 0.43 30b 0.64 0.56 0.14
15 1.56 1.35 0.59
16 1.14 0.99 0.43
17 0.92 0.71 0.44
18 0.96 0.75 0.55 | |
TABLE 5
Showing in abstract form the results given in Table 4
- Diseased Healthy
Factor -
A horizon B horizon A horizon B horizon
Ignition Mean 1.03 1.08 .16 0.95
loss Range 0.55- 1.56 0.72-1.94 0.44-1.97 0.56-- 1.58
Combined Mean 0.62 0.66 - 0.77 0.74
water Range 0.29 - 1.35 0.36- 1.19 0.28-1.39 0.22-1.35
Hygroscopic Mean 0.67 0.83 0.76 . 0.67
moisture Range 0.35-1.17 0.43-1.75 0.26 - 1.43 0.24 -~ 1.58
No. of values 10 8 6 6
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TABLE 6

Showing the percentage of ignition loss, combined water and hygroscoplic moisture
in the soil samples belonging to the type ALLUVIAL LOAM

DISEASED AREAS HEALTHY AREAS
Lab. Ignition Combined | Hygroscopie] Lab. Ignition Combined !Hygroscoplc
No. loss water moisture No. loss water moisture
3! 12.71 10.58 431 47 7.89 6.37 . 5.86
32 12.70 10.76 4.65 48a 9.36 8.56 9.35
33 | 1095 - 8.54 7.21 48b 9.07 8.19 8.23-
34 11.57 9.15 7.53 49a 6.14 4.91 3.13
35 5.04 3.52 2.23 49 6.47 5.54 3.60
36 9.87 7.74 5.02 50a 3.8l 3.06 2.31
37a 7.80 5.89 3.40 50b 4.01 3.34 2.43
37b 8.20 6.47 3.80 Sla 3.83 3.2 2.00
38 7.80 6.31 3.97 5ib 5.80 4.53 295
39a 6.27 4.83 2.60 Slc 4.75 4.00 2.25
39 9.33 7.46 3.97 52a 4.63 3.89 2.56
40 4.83 3.76 1.77 52b 4.12- 3.6l 2.1
41 | 416 3.58 1.63 53 3.97 2.81 1.32
42 3.72 3.35 1.47 54 4.77 3.78 1.75
43 5.11 4.30 .84 55 4.04 3.20 1.37
44 4.67 4.63 6.42 56 5.05 4.70 1.86
45 5.98 5.22 1.98 57 4.91 3.75 1.96
46 8.06 7.64 2.98 58 3.35 2.49 1.19
TABLE 7
Showing in abstract form the results given in Table 6
! Diseased Healthy
Factor
A horizon B horizon A horizon B horizon
Ignition Mean 7.47 7.78 5.15 © 518
loss Range 4.16-12.71 3.72-12.70 3.97-7.89 3.55-9.22
Combined Mean 6.01 6.66 4.16 4.37
water Range 3.52-10.58 3.35~10.75 2.81-6.37 2.40-8.38
Hygroscopic Mean 3.26 4.23 271 3.05
moisture Range 1.63-7.21 }.47-7.53 1.32-5.86 1.19-8.79
No. of values 8 8 6 6
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Showing the percentage of ignition loss, combined water and hygroscopic moisture
in the soil samples belonging to the type RED LOAM

DISEASED AREAS HEALTHY AREAS
Lab. | Ignition Combined | Hygroscopic] Lab. Ignition Combined |Hygroscopic
No. loss water moisture No. loss water moisture
59 3.29 2.92 1.80 68 2.55 0.70 2.18
60 2.03 1.85 3.11 69 2.23 1.06 2.46
éla 2.65 2.36 1.91 70a 2.06 0.51 0.69
61b 2.80 2.53 1.68 70b 3.74 2.01 1.31
62a 2.07 1.70 0.91 7la 4.84 2.56 1.33
62b 2.10 1.99 1.03 72 3.65 2.72 3.01
63 2.17 1.83 1.19 73a 4.05 3.26 4.72
64 2.51 2.09 1.06 74 4.34 3.49 5.30
65 3.55 3.17 1.59 75a 4.95 4.02 8.78
66 2.56 2.22 1.31 75b 5.64 4.87 10.39
67a 3.37 3.02 1.81 76 4.61 3.70 6.71
67b 3.74 3.43 1.96 77a 5.48 4.88 6.16
77b 6.0l 5.39 6.92
TABLE 9
Showing in abstract form the results of Table 8
Diseased Healthy
Factor
A horizon B horizon A horizon B horizon
Ignition Mean 2.50 3.00 3.61 4.67
loss Range 2.03-3.29 2.17-3.56 2.55-4.61 2.23-5.75
Combined Mean 2.19 2.67 2.37 3.50
water Range 1.85-2.92 1.83-3.23 0.70-3.70 1.06-5.15
Hygroscopic Mean 1.65 1.62 3.64 5.12
moisture Range 0.97-1.80 1.19-1.89 1.00-6.71 1.57-9.53
No. of values 5 4 5 5
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