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re: Results of investigations on the Root (Wilt) Disease of Travancore-:
Cochin have been reported in a series of publications from the Central Coconut
‘Research Station, Kayangulam. A review of work done during the years 1937 to .
1958 is.also contained in The Coconut Palm - A Monograph by K.P,V, Menon and
K.H. Pandalai: No attempt is, therefore,-hade here to present the problem in
“its different aspects, but the salient features of the work already done and
- the studies that have been carried out since the publication of the Monograph

.-on the chemlical aspects of the problem are presented in this note.
| SOILS |

I. Soil survey of T;gvhncore-Cochin."'n

_ In order to .assess the propertics.of the so0il in relation to the
discase, a reconpaissance soil survey of the coconut growing areas of .
Travancore-Cochin was conducted. The soils of. Travancore-Cochin belong to
four ‘main types viz. (i) the-'sandy or sandy loam soils of the coastal tracts,
(11) the ‘alluvial loams, (iii) the red lcam.and (iv) laterite soils, The
coconut palm grows quite well in all these four main soil types, but the
disease was also found to be prevalent in all the four, ' : :

s v . - L.

- . During the soil survey 104 soil samples were collected from - .

50 representative sites where profile pits were dug upto a depth of six feet -

or upto the water table or upto any impermeable bottom layer, if this_happened

to be nearer the surface than six. feet, The chemical and the physical pro- -

- pertles of ‘the’ samples collected were studied. ' .

' From the summiry of results presented in Table I it could be scen
that:—~ ' - > Y : o )

4

- Ndtrogen. ’
.~ In the soil samplés from diseased arcas of the sandy and alluvial
loam types, thére is a higher percentage of nitrogen than in the healthy arcas,
the’ reverse being the case with red loam. In-laterité soils, healthy locali-

- ties have a higher nitrogen status in the A hori zon and a lower status in the
B 'end C horizons.
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Urganic carbon *and organic matter.

There is a higher content ‘of organic carbon in diseased -areas
of both the horizons of. sandy ‘typec, the A:horizon of alluvlal loam and the
A and B horizons of the laterite type :whereas- -the B horizon.of alluvial
loam, both horizons of red loam ~nd the C horizon of late -ite contain more
~of this constltuent in the healthy areas.

The organic matter content is higher in samples belonging to .
(a) both horizons of the sandy type, {b) A horizon of alluvial loan type and.
(c) A and B horizons of the laterite type in . the diseased group, Organic
matter content is, however, lower 4n ife samples from the discased areas of

'both the horizons of .red loam type, C ‘hdorizon of the laterite.type and the
B horizon of- the alluv1a1 loam type. : .

Carbon nitrogen ratlo.'

The values of C/N ratios are higher in diseased areas of B horizon
of sandy. type and A and B horizons of laterite type, but it is lower in :
(a) .both the  horizons of red loam type, (b) the A horizon of, the sandy type

‘and (c¢) the C horizon of the- laterite type. There is not rmuch dlfference
in the alluv1al loam type,

Phosphorlc a01d

There is a hlgher concentratlon of totzl and avallable phosphoric
acid in the B horizon of the diseased areas of sandy soil, However, the A
horizon of healthy areas contains slightly higher amount of available phos-
phoric acid. In alluvial loams, the total phosphoric acid is higher, but
this-difference is ‘confined to the B horizon with regard to available phos-
phoric acid. Samples fran the B horizon of healthy arcas with red lcam-soil
have a higher total phosphoric acid content. No apprecieble difference is
noticed in the A horizon. The A horizon of healthy arcas have a higher
content -of available phosphoric acid whereas there is no differencc in the
B horizon. -In lateriteé soils,- total phosphoric acid content is higher in

healthy areas whlle avallable phosphorlc acid content is hlgher in diseascd
areas, :

Iron oxide.

There 1s, 1n gcnerpl, a hlgher concentratlon of totel iron in the
SOllS of healthy areds. va_Laoie iron was. not however, determined.

‘Total,. avallablc and exchangeable potash

Therc is a greatcr percentage of total potash in the¢ soil samples
from both horizons of the red loam type -and the A hcrizon of the gandy typc in
thc diseased group, .In the case of laterite and alluvial loam types, samplcs
from healthy areas have a higher status of total.potash. Regarding' available
potash, all samples examined were, found to be rdther deficient. However,
samples from healthy arcas gave higher values. With regard to exchangeable
potash, there is no differencc betwcen healthy and discascd areas of the
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Sandy and latcriﬁe types,'but samplés frdm healthy areas of élluvial and .
red loam types contained greater quantities of this constituent than thosc
- from corresponding diseased;areas._, ' ’

_ The general conclusion appears to be that’soils of the diseased
areas have lower status of available and exchangsable potassium than soils
from healthy arecas and that, a deficiency of this elcment in an available
form might be one of the factors which favours the onset of pathological

conditions, oL

Tétal and.exchangeablé_calcium..

~ In general the total calcium content of the soils from healthy
coconut areas is greater than those from the diseased areas. The exchange-
able ‘calcium of the sandy and alluvial loam types of soils.i§ also higher,
but there is no significant difference in the red loam. .As regards the
laterite'soils, the A and B horizons exhibit no significant difference while
in the C horizon, there is a slightly higher concentration of exchangeable
calcium in the diseased areas. ' e

Total and exchangeabie-magnesium.

: .. There is a greater concentration of total magnesium in the soils
from diseased areas of sandy and alluvial soils, the.position being reversed
in the other soil samples, ' The ¢xchangeable magnesium ‘content of soils
from healthy arges is greater with the exception of sandy soils whcre the

diseased areas contéin'more‘of this constituent.

Base exchange'capacity, exchéngeablé hydrogen and‘percentage.base saturation,

-

: In soil samples from the healthy areas belonging to the sandy
-alluvial Joam and red loam types, there is.a greater amount of total exchange-
~able 'bases, lesser amount of exchangeable hydrogcn and consequently a -
higher valuc of percentage base saturation. - o

_ The values for the samples from laterite areas are not sp'consis~
tent,. The total exchangeable bases are higher in diseased areas, The valucs
for-‘exchangeable hydrogen are comparatively lower for the samples from the
A horizon of the healthy arcas while for those from the B.and C horizong
they are higher. The percentage of base saturation values are higher in
the samples -from the A and C hori zons of disecased areas while therec is no

significant difference between the B hori zon samples.

‘With regard to values for the cation exchange capacity, samples
from diseased arcas belonging to both thé horizons of the alluvial loam
type, the A horizon of laterite and red loam tLype and the B horizon of
sandy type hdve higher values than the corresponding samples from hcalthy.
areas, . In the case of the A horizon of the sandy arcas and the .C horizon' -
'of the laterite areas, the . samples from healthy. localities have higher values.
There is no difference between healthy and disecased areas as far as the .
.samples from-the B. horizon of the laterite Aare. concerned.’
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. There: are- significant differences betwéén‘healthy and diseased
areas, the former having definitely higher values, ' T

The above summary would show that compared to healthy areas, soils
. from the diseased areas contain lower amounts of available-potassium, total
calcium and iron, . Total exchangeable bases and percentage base saturation
are also lower-with higher values for exchangeable hydrogen., The diseascd
areas were invariably more acidic. : S

i} During ‘the many surveys that have been undertaken to study the
incidence and spread of the disease, it was found that a large proportion
of the diseased areas had water tab¥e near the surface, Some of these
areas were water logged or flooded with water many times during. the year.

Mechanical composition. ' . o o .

- _Thc mochanical analysis of the samples disclosed that the-silt
and clay contents of the soil$ from the majority of the coconut -growing arcas
are low., Appreciable difference was, however, noticed between healthy and
'diseased areas. The percentage of coarse sand fraction in diseased areas -
‘was thus comparatively greater in:sandy and red loam soils, but generally -
lower in the alluvial loam.and laterite with a corresponding change in the
finer fractions, Thus, “just as in the case of chemical properties, there
are no- differences between hcalthy and diseased areas common to all the
soil types. - - o ‘ - ' ‘

II, Soils of Central Coconut Rescarch Station, Kayangulam,
The. Central Ooconut Research Station, Kayangulam is represéntative
of a very large area where coconuts are grown in Travancore-Cochin and where
diseases also are rampant. The soil of the station was, therefore, studied
for fertility status and 438 samples drawn from the first, seécond and third
foot layers of 0.3 acrec plots were analysed. It was found that the soils
were of low fertility status and that there was no appreciable plot to plot -
variation, . - . R - ‘

_ Subsequently a detailed-sdil_survey of the Station~garden was
conducted and three series of soils were identified, which are defined as:-

Series 1 ‘ : K Pllsdz'
A el

K'szsd5
A el_

K P.fsd.
N
B e1

Series 2

Series 3 .



where K refers to Krishnapuram Series 1
K P " Krishnapuram Series 2
K

Krishnaparam Seriés 3

Wi

1s " lowy sand texture

fs : " fine sand

d5 " very deep

A " nearly level

B " gently sloping

ey " no erosion or slight erosion

Series 1 (K P)
b

. This is the major soil serics occurring in the Research Station
garden occupying rearly 90 percent of the total area, It is uniformly loamy
sand in texture, loose in' consistency, structureless, well drained ard very
deep with very little erosion. ' g -

Series 2 (K P2) .

Only a small area is covered by this series which occurs in' the
low-l7inz regions, It is charactsrised by a horizon of imperfect drainage
in the 'solum between the third and fifth foot, containing a mixture of -
sesquioxide and organic matter, It is fine sand in texture and very deep
with good drainage in the top layers, o

Series 3 (K Pj)

: - This series is also found in limited areas, Unlike the other two,
this So0il has a deep colour which changes from brown at the top to light red
at the sub-surface and gradually fading to pale yellow further down., It is
very deep and well drained with a fine sand texture for the surface soil and
loamy sand for the sub-soil. The deepening of the colour in this series may
be attributed to the eluviation of oxides and hydroxides of iron from the -

surface horizon and indicates the well drained nature of the soil and its
good aeration. i : - ’

The analytical values for fertility status indicate that the soils
are generally poor in thei® nutrient status and organic matter content in spite
of regular mamuring and cultural operations, The highest values obtained
are: given in the table belows:— - : - ’

Phos- |

) ' e Cation
. . C © Available Organic 8/N pH
Nitro- pho-  Potash :Lime gari.( exchange
Sertes VT ' Pie (K,0)  (cao) F205 K30 carbon. ratio range dapacity .
(N) a-cid * 2 - ’ . . . ’ - m.c,
% ;. S .5 % % % ‘ E 4
, - : ) 5.0 to
£F 0027 . 0.0 0.07% 0039 .0.012 0.36 0.14 5.0 5.5 . b7
KP, 0.028 0,023 0,058 0.022 0.018 0.019 0.50 '19.0 2.6 Y 4.0
KB, 0,02, 0.029 . 0,014 owlz ”505°2t° 2,8
3 .02l -0 9 0.115 0.022 0.00:3,‘ . . Al S A -

— .




The maximum clay content in the three series weré, 11.9 percent,
7.4 percent and 10.6 percent respectively. - - '

Similar studies of oﬁher representativé tracts have been started.

-

III, Strontium and Cadmium.i'f . . - -

- - To study whether strontium or cadmium toxdcity is a factor for
disease incidence, representative soil samples were again drawn by another
reconnaissance survey and type samples of soils and leaves .were examined for
these metals. The soils did not egntain cadmium, but only minute traces of
strontium, Field experiments discloscd that healthy trees treated with
small ‘amounts of cadmium wilted in- about a fortnight's. time, but did not,
produce any of the symptoms ‘of the Wilt Diseasc. Trees treated with stron-
tium were not affected and continue to be healthy. -The leaf samples also
did not contain cadmium but only traces of strontium. . : L

IV, Sudden wilting of .palms in Thottappally.

A case of .sudden wilting of palms in Thottappally (Alleppey District)
was reported due to the dumping of dredged sub-soil and sub-soil water into
healthy coconut gardens, Investigations of the soil conditions of the affeccteq
arca showed that the wilting was due to root injury caused by (i) the shift
in pH due to the ‘percolation of the sub-éoil-water_on’the'surfacgvof the soil
during the process of dumping the subsoil on it, (ii) the presence of reduction
products like sulphides, ferrous iron etc. in the dredged material, (iii) the
presence of toxic factors such as soluble aluminium, (iv) the potential coepu-
city of the dredgud sub-soil for the formation of mineral acids by hydrolylic
changes and (v) ccmplete anaerobic conditionsin thé root rhizosphere causing
intense root suffocation. B CT '

R ;‘ ¢

‘Manurial experiments.

. The possibility ofvremedyiné the»diseaéed conditions-by manurial
trcatments was investigated, ' The following manures were tried:-.

1. Lime ard Ash.

Lime at 8,0 1b. and ash at 60.0 1b, (in two doses) over a basal
dressing of groundnut cake 7.0-1b., boncmeal 3,0 1b,, and muriate.of potash
2.0 1b, per trec per year were applied for five.yearsﬂto,25Jdiseased trees
while 25 trecs were wupi-as’ coutrols. THe trees weré regilarly observed for
morphological discased conditions and soil-and leaf sanples collected pericdic-
ally were analysed for calcium and potassium, The mass of data obtained during
the five year period on statistical analysis showed that the lime and potash
lovels of the soil deteriorated inspite of the yead y soil application. The
potash content in the leaves incrtased irrcspective of whether the trees werc
trcated or not while an increase in calcium content was noticed in the treated,
None of the trees, howevcr, . improved to any appreciable extent. - ‘
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2., Chilean nitrate. - .

20 dlseascd trees were' treated with chilean nltratc to supply
2,0 1b, nltrogen over a basal application of 0.75 1b. of phosphoric acid
as boncmeal and 1.5 1b. of potash as muriate of potash per tree per year
for a period of three ycars, Morphological condition of the trces were
regularly observed. There was no-improvement in the diseased condition.

3, Filter press mud.l

‘ Filter press mud ccntaining 1, 3% N, 1. 8% P 0. 3%—K 0, 3.7% Ca0,
0.5% MgO and 31.0% 6rganic matter and traces of iron, éopper, ménganese and
boron was applled at the rate of 2 Gwts, per tree pcr year for a period of
three years, There was, no 1nprovemcnt in the diseased condltion of the trees’

-

L. Magnesium sulphate.

Surface roots were induced in heaps of soil around bases of diseased
treees and magnesium sulphate at 2.0 1b. per tree over: a basal dre551ng of
!NPK manures was a pplied for a period of five years, -Leaf samples were. analysed
for nitrogen, phosphoric a¢id, potzsh, lime and magnesia. An.increase in thc
nutrient content of leaves, particularly of magnesium was noted.- Considerable
improvement in the foliar condition of the trees was observed. '

TISSUE ANALYSIS
*un 4

-

1. Standardlsatlon of leaf sampllng techniguc.

A mcthod of - sanpllng leaves was standardiscd inorder to draw samples
for comparative study. Moisture, phosphoric acid and chlorophyll were:
‘estimated in every 10th leaflet in the fully emcrged- leaves. of 15 adult
healthy trees and 4Oth to 50th leaflets in all the leaves of .four trees.

From the: data, it was concluded that "in a trce w1th 'nf. number of lecaves,
the(B- + 1)*h 1caf has to be selected for sampling and that from the 4Oth to
50th leaflets of this leaf will give a representative -samplc".

2. Nutrient content of leaves. _ . ' :. o | -

Dur1ng a soil survey, leaf samples were collected according to the
above, technique from healthy and disecased trees situated ncar the soil profile
pits. They. were "analysed for nutrlent content. The results are summarised
in Table II ' ‘

It was found that compared to healthy 1caves, the diseased leaves
contained more of nitrogen, phosphori¢ acid, and potash to the extent of 5.0
to 13,0 percent, 0.0 to. 21.0 percent and 7. O to 48.0 percent respectively.
Ash insoluble in hydrochloric of discased leaves was higher by 22,0 to 134.0
percent, The values for -calcium and magn631um were not consistent., Examinctdon
.of the results for nutrient: inter—relatlonship showed that the palms were in -
a state of unbalanced nutrition. 'There was more of nitrogen relative to
potash, compared to the nitrogen potash ratio. recommendéd for coconut manuring
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in tfP major coconut-growingseountries. . The nitrogen/ solnble ash ratio
wﬁa ower 1n dlseased lgayes irrespectlve of soil typés - S

3.» qura and coconut 011..

The general belicf that the incidence of disiedse is accompanicd
by-a lowering of the oil content of the nut was disproved by the determi-
nation ofr oil contents of nuts from healthy and diseased trees growing
under -indentical conditions, There was no apprcclablc diffcrence in oil
content, An investlgatlon of -th¢. nutrient content .of copra collected
from trecs under different manurial .treatments ‘showed- thathopra frem’
trecs treated with N, P and K. oontalged greater amounts of these "consti-

tuents., ‘The phy51cal armd chemical - characterlstlcs of thc oil werc not
however, differetnt. .

.-.'SATUDIES'-IN PR(I}RESS- |

Investigations whlch arc now in progress on whlch conclu51ons
cannot yet be drawn are brlefly mentloned below" .

d. Collectlon of comparatlvc analvtlcal data on SOll and . plant materlal

Expert 5011 sc1entlsts of Indla have adv1scd that a detalled
soil survey of the healthy and diseased areas should be conducted and
-80il charactcristics studied in relation to thc chemical constituents of
leaf samples from healthy and dlseased trees, ‘This work is now in progree:,
A detailed soil survey of 28 villages comprising of . .68,000 a¢res o coconut
gardens has been conducted, according to thc pPOC(duTE lald ‘down for the
A1]1 India Soil and land Usc - Survey Ce

. . 261 soil samplcs from 81 3011 profile pits and 88 leaf sanp]ns
from trecs situated ncar the pits have been .collected, ~Thése samples arc
under investigation, The saniples are being analysed for fertility status,
base exchange properties, phy51ca1 properties, contént of free iron oxide,
hydrochlorlc acid (1:1) solubl. : titanjum etc, Sinzce most of the. arca
surveyed belongs to a completely healthy arca, thc analytlcal values cannot,
17 present bc compared _ _ : - I .
MJcronutrlents.

.._"-.- . ‘. RS .?-
3

Iron, Coppcr, Zlq-, Ma{banesé,‘Boron and" Molybdcnum arc .now
-being dotermined in the soil and leaf samples collccted during the detailed
soil survey. ' There are indications of manganese deficiency in the discased
conditions, but thc results have to be confnrmed by ana1y31ng more samplcs;
from the dlseased group, . R .
2. Manurial cxpcrnmonts. o o _ . :
i _Heatydoseaof N.P.K. manures : Preventive and curative.

In a randmmlscd ard replncated trial, heavy -doscs’'¢d N P: K manures

naxnmum dose being N = 3,0 1b,, P205 = 2.0 1b, and xzo % 6,0 1b, per trce
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per year, are applied to healthy trees in the pre-bearing age to see if
supply of excessive nutrition Just at this critical period in the plant's
life could help to get over the disease. A similar trial is 'dlso in
progress to study the curative effect of such nutrition in diseased trees.

ii, Sulghur; _ : '
' Sulphuf 2.0‘lb;jpér tree per year as elemental sulphur and also
as calciam sulphate and magnesium sulphate over a basal dressihé~qf NPK
manureés have been.applied to diseased trees to study the response compared
.to untreated controls. . L . . S :

-

' Diseased ‘coconut pélms have been treated- with:

iii, Plantomine ) . Activated chemical fertilisers
iv. Fenugol . ) . reported to have spectacular
v, .Irigolene., ) effects on diseased agricultural crops. -

Vi, Stéraheal,Green'Labél{ _
QP organic manure supplemented with N.P.K, in the inorganic fomm.
. w - .

vii, .Séa magic.

This is a sea weed leaf spray containing nitrogen, phosphoric‘acid,
potash, magnesium, trace elements, hormones etc. Discased palms have been
sprayed with this compound,- ‘

3. " 'Effect of cover crop .on disease.

S * In a plot containing diseased and' healthy trees and underplanted -
- seedlings of different ages, 'a ‘cover ‘crop, Pueraria phaseoloides, has been'
reised to study whether the cover crop has any effect in curing the disease
or preventing its development., . : S :

Earlier studies showed that the cover crop in question helped
considerably in reducing soil temperature, Compared to an ad joining uncropped
fallow plot, the plot with.a cover crop of Pueraria phaseoloides had the
‘temperature of the surface soil lowered during the peak of summer by 17 to
22° C, At the fame time, the moisture content was higher, '

4. Reduction products formed under water logged condition.

i ’ Since the disease is found in a severe form in water logged situa-
-tions, the possibility of toxic reduction products formed under water logged
soll conditions being a. factor for disease incidence is being studied, Dwarf
green coconut seedlings. grown in big sized pots containing soil from repre-.
sentative diseased sites are kept water logged and the leachates from the
‘Pots examined fof.reducticn_product§.'- :
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5, ~“Foliar yellowing.

it . Yellowing of leaves during periods of heavy rainfall have .been
‘noted in certain places. This is seasonal and naturally disappears with
the advent of -summer. . It is, however, believed that this eventually brings
in the disease, In certain other localities with high water table the
‘Yellowing is of a more or less permanent nature. These are under -investi-
gation by properly ‘designed pot and field experiments., In pot culture:
studies, dwarf green coconut seedlings are subjected to water logging. 1In
‘the field, trees, in water logged areas with: severe yellowing of leaves are
treated with micronutrients and urea spray, . The level of the land has been
raised in a few cases by .forming mounds with river sand round the trees.
The  latter treatment has given very dﬁquraging_résults.

/. .

6. Leaf sampling tééhriique.

. Work on this to confirm the earlier finding is in progress, since
-it is considered that -foliar. analysis is a very important corollary to soil
tésts and this technique, very much valued in disease investigations, cannot
Yield dependable results unless thé sampling procedure is correct. In the
‘expanded scheme now in progress, more trees have been selec¢ted for sampling.
.The analysis has been’ extended to coven the major nutrients, nitrogen, phos-
~phoric acid, potash, lime ahd fiagnesia. 'Thefanﬁlysis-of 1,048 samples has
been completed. SR S o =

. Table 1

1

Summary of Results of Studics on Coconut -Soils — Healthy and.DjscasedAAreas

Soil type

!

ces cos coe .o cor voo 0.7591 0.955

= Sandy Alluviqi loam vf Red loen Laterite'

sl el o] B &% 0 T S

N ) o o ey ‘5 - -1 o

~ o + [J] — o] o 4} oo

s|loa] 31 2 sl& | F| &%
) Epooel e al = A = 8.1 =
S @@ W e e @m] @ @ e
Nitrogen . 4 {o.o49 |o.030 |0.091 0.069 |0.034 | 0,070 |  0.094 | 0.107
(N) 2 B |0.038 [0.023 |0.088 | 0.055 |0.033 | 0.060 | 0.090} 0.078
B ' ' C ’ LI ) s s .o e0 s g . e KRN ] 0'071" 0'01‘6
Organic A }0.236 |0.222 |0.847 |-0.645 |0.179.| 0.727 | 0.792 | 0.754
Carbon . B |O.244 |0.125 |0.724 | 0,745 {0.193 | 0,681 | 01775 0.569
(€)% Cliver | ave | wow | Gea” | e | Tees | 10.439) 0.554
Orgami pe A {0.408 [0.383 |1.46) | 1.112 {0.308 | 1.236 | 1.348] 1.300
matiter - B |0.421 |0.216 }1.247 |1.284 [0.332 |1.174 | 1.335] 0.982

% C : .
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‘Tible I (Contd.)
} e

102

W@ jw e e @ @ | o] a)
Carbon - - - | A [5:0- |6:9 9.6 |9.3 | 5.7 | 1071 8.6 | 8.0
Nitrogen B |7.4 L.9 -} 8.2 18,5 | 6.0 | 10.2}: 9.2 | 7.1
Ratio C/N : C cey on_;g.'.' LN vea eo e eve 5.5 . 2290
Tdtal PH@s~ -|A [0.036| 0.034( 0.073| 0.051| c.042| 0,039| o0.050} 0.082

;| phoric acid = .} B 10.035| 0.028| 0.068| 0.042|. 0.036|. 0.042| 0.030{ 0.078
. ’ (Rzos) % C l."v 44 ..‘-' ) ‘ oo-o' * CIE 2 I ] ."l ' o‘oo' - 0p028 00085
Available = |'A [0.004 0.020] 0:006| 0.006| 0.007| G.010| " 0.00% “Trace.
Phosphoric B 10.018 | 0.009{ 0.007| 0.004f 0.006| 0.008|  0.006| Trace
8Cid (onb’) % C K] ’ ~.-E-" o0 e cesw «... ) O'mz OOwl
Total A 10.93 | 114 | 5.42 | 6.63 | 2.40. | 3.63 | 6.30 ] g.u4
Ferric Oxdde .| B 10.88 | 0.98 | 6.03 | 6.01 | 2.84 | 3.90.}. 5.50-| 8.89
(Fe203)% .C ‘!." .',.:0 LI . .;- Q.'O . "."... 6.85 8;73
Total . - A {0.013| 0.005[ 0.087| 0.153| 0.060| 0.026| 0.085| 0.114
Potash B 10.009{ 0.010| 0.093| 0.151} 0.051} 0,031} ©.071| 0.118 |
o (KZO)% . ',“ c e oo oo coe v e ee s XX . 00085 0.128
“Available A |o. 001} 0.002| 0,002| 0.008| Trace| Trace| 0.004| 0.007
Potash : B .|Tracc| 0,002| Trace| 0.005| Trace| 0.001| 0.003| 0.003
- (K,0) -3 Cleee | wse | eoe | «ve ] wev | wuo | 0.002} 0.006
Exchangeable A ‘|Trace| Trace| 0.21 | 0.8l | Trace| Tracc| Trace Trace
Potassium. - B- |Trace| Trace| 0.28 -+ 0.87 | Trace| 0.11 Trace | Trace
m=c/k008.; Cloeee [ v4e | v vee | cees |- ees | Treee| Trace
- Calcium A 10.115] 0,111 0.026 0.075| Traoe| 0.026| 0,004 | 0.015 {-
(Ca0) 8 - B {0,091 0.168( 0.040| 0,093 Trace|.0.029| Trace]| Trace
R : L C X vee coe se e’ ee | ... 0.00.14.' 'I.‘raCS
"| Exchangeable A 10.80 .vl.iﬁ- .0.13 | 0.81 | Trace| Trace| Trace| Trace
Calcium B 10.64 | 0.75 | 0.37 -0.89 | Trace| Trace| Trace| Trace
m:e/lo,og' C ..'.. ‘;’ . L e ey s e ev e’ ‘e oy O_.OOII» Trace =
Magnesium ‘A 10,0551 0.025( 0.108| 0,073| 0.012| Q.027| ©0.025| 0.086
(Mg0) % B 10,077| 0.058| 0.101| 0.0%2| 0.031| 0.048| 0.020| 0.045
o ’ N X C ’oo.o, edoe T ees “eee . ee o s e ¢ 0.021& 0.076
| Exchangeable . | A-|0.11 | Trace 0.61 | 1.24 | Trace| Trace| O0.41 | 0.57
Magnesium B 10.09 |- Trace| 0.62 | 1.12*| Trace| 0.22° | 0.33 | 0.39
me/100g." Cleee {7l eev f wee ] wov ] o | 032 JOm2
e S 7, NAAR . ‘
Total . . A 11.63 | 2.49 | 2.83 | 4.18 | 1.08 | 2,62 | 2.69 [1.73 .
Exchangeable | B |1.43 | 1.62 | 3.79 | 4.31 | 0.83 | 3.59 | 2.02 | 1.71 .
bases ‘m:e/100gd C | ... el e f T e | 2.27 {1.92:
| Bree exchange | &' {2.70 | 3.45 | 7.90. 6.20.| 5.95"° 5,00 .. 8,10 .6,50_
capacity ‘B [3.03 .}:2.52 | 7.00 |'5.60°| 5.75 | 6.86 | 6.88 | 7.10
me/100g, . | €| .o ier e | e [0 Wee ) 6.587]9.20




iable 1 (Conwi.)

(1) @I W G |6 | @ |© | | a)
Exchangeable | A [1.07 | 0.97| 5.08| 1.90| 4.86 | 2.37 | 5.2 | 477
Hydrogen ‘B 11.60 | 0.89| 3.15| .1.27 | 4.92 3.27 | 4.86 | 5.39
-m:e/lwg' C ‘ese eee . .-o' ese. e ._‘ooo' 1&.32 7.28
Percentage A [62.5 | 70.5| 37.3| 72.0| 21.5 53.7+ 30,6-| 22.5
‘base ‘B 6 o1 _67ol$ 52-5 78.14 ‘1307 59-14 21#-8 25-9
Satura'tlon : . C -.co ese : o..u ‘.o- ‘e e e R EX) 3]:03 23.7
| pH . . . A 700 . 702 ) ’w506 . 702 500 6-5 i 500 . 6016

Cloee faee | vt wee ] wee | ot BT |62
Table IT

deﬁlng the average ﬁalues for the nutrient content of . . -
leaves of healthy and discased trees growing in ‘
four typlcal classes of soils,

Sandy Soil  “womy Soil Clayey Soil - Laterite Soil .
. N+ ) B
g = - -
' Eoog 2 R r % » %
. 3 -4 2 A 9 =l ]
g2 3 F 3 2 3 @
= a T 8 = ) < P
Nitrogen | les  2.12 175 1.7 1,81 2.00 -1.92 . 2,01
- (N & _ - (#12.76)  ° (+12.57)  (+10.50) (+4.69)
Phosphoric 10.39.  0.47  0.41 o. hl 0.31 0,35 0.39° 0.40
acid (P 0 ) - (320.50) . - (312.90) (+2.56)
Potash” * - 1,53 1.67 - C0.9€ 1.45 1151 - 1.61 117 1.63.
(K20) % el T (#9 15) : (+§8 00) - {+6.62) ‘ (+39.31)
Lime O 0.49  0.46 0.42 0.35 0.49 0.59  0.59
(Ca0) % (+11.36) ~(-8.70) (+39.99) .o
Magnesia 10347 0,26 0.2, 0.28 0.31  0.47 - 0.39 0.3
(Mg0) % , o (23053, (#16.66)  (+51.60) - (-12.82)
| Ash insolublc inl2.67 = 5.22 1.94 4.53 3.09  3.78 3.4h  5.46
Hydrochloric.acid % (+95.;o- ' (+133,6o) - (+22.32) (+58.72)

The figures in brackets represent the percentage increase (+) or
decreasc (- guof the nutrient element 1n thc diseased leafl over its content
in the healthy leaf.-
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