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ABSTRACT

Trace element composition of soil, root and leaf samples collected from healthy,
and root (wilt) diseased coconut palms were determined employing energy disper-

sive X-ray fluorescence technique.

area is rich in Ti.
to similar soils in the diseased tract.

Non-nutrient trace elements such as Ti, Cr, Ni,
Pb, Br, Rb, Sr and Zr were detected in soil samples.

Sandy soil in the Kayangulam

Strontium content of laterite soils of Pilicode is less as compared

Root samples contained all these elements
except Cr and Zr in detectable concentrations.

palms was higher than that of roots from healthy palms.

Nickel content of roots from diseased
Low concentration of Sr in

the leaves of diseased palms and relatively higher concentration of this element in
the roots indicate that the translocation of Sr in diseased palms is hindered.
Titanium, Cr, Pb and Zr weore not detectable in coconut leaves.

INTRODUCTION

Most of the nutritional studies so
far conducted in relation to the root
(wilt) disease of coconut palm (Cocos
nucifera L.) have been aimed at getting
information on the role of well esta-
blished plant nutrient elements in the
incidence of this disease (Pillaj,
etal, (1981). However, none of these
nutrients has been directly implicated in
the incidence of the disease. The study
reported herein examines mainly the
non-nutrient elemental composition of
soil, leaf and roots of coconut palms
in relation to root (wilt) disease.

MATERIALS AND METHODS
Sampling procedure

Soil, leaf and root samples were
collected from 25-45 years old so
palms from locations representing
diseased and disease-free areas of
Kerala state (Table I).

Soil samples were collected from
o-30 cm depth at a distance of about
so cm from the base of each palm. The
samples were air-dried and sieved
through 2 mm mesh prior to analysis.
Leaf and root samples were also colle-
cted from the same palms.
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Table 1. Particulars of soil, leaf and root samples collected Jor the investigation
Group . . Number of palms Condition of
number Location Soil type sampled* the palms
Diseased area
la Kayangulam Sandy 5 Diseased
b Kayangulam Sandy 5 Apparently
healthy
2a Kayangulam Sandy 5 Diseased
b Kayangulam Sandy 8 Apparently
healthy
da Kumarakom Clayey 5 Diseased
(marshy)
b Kumarakom Clayey 5 Apparently
(marshy) healthy
4a Kottayam Laterite ] Diseased
b Kottayam Laterite 5 Apparently
healthy
Disease-free area
5 Mannuthy Laterite 5 Healthy
6 Pilicode Laterite 5 Healthy

*

Denotes number of samples each for root, leaf and soil.
Note: Diseased palms showed severe foliar yellowing,

necrosis, flaccidity and ribbing of the

laminae. Apparently healthy Palms were healthy palms growing side by side with diseased
palms in the same garden with practically no visual foliar symptoms of the root (wilt)

disease,

Leaf samples were collected from
the 14th lamina (Chapman, 1964). The
leaflets were wiped with distilled water-
soaked cloth, dried at 70-7¢°C in an
oven and then ground in a mill with
stainless steel blades.

Root samples were collected by
exposing the soil near the base of the
palm and chopping vertically at the
rooting region of the bole. No
distinction was made of the type and
length of the roots sampled. The
collected roots were first washed in
running tap water to remove the
adhering soil particles, then with o.1 N
HCl and finally with distilled water.
The HCI treatment was given to get the
surfaces of the roots especially those
collected from laterite area, free of Fe

oxides (and other oxides) as far as
possible.  The samples were subse-
quently oven dried and powdered as
done for leaf.

Spectral and 1otal elemental analysis

The trace element analysis of the
soil, leaf and root samples was carried
out by employing energy disper-
sive. X-ray  fluorescence technique
(EDXRF) making use of an indigenously
built Si (Li) X-ray spectrometer (Lal and
Kapoor, 1972) and a low power X-ray
for the excitation of fluorescent X-rays
(Kataria, Govil and Lal, 1985) at the
Nuclear Physics Division of the Bhabha
Atomic Research Centre, Trombay. The
spectrometer has a resolution of about
2co eV for 5.9 KeV Mn K& X-rays and a



93

good performance upto an input count
rate of about 20,000 cps (Lal, Bhatia
and Kataria, 1979). The X-ray tube is
of a transmission type with a Mo target
and a thin Mo exit window.

Individual samples were thoroughly
ground again in agate mortar and pestle
and mixed homogeneously with fine
cellulose powder. For leaf and root
samples, a 1:1 sample to cellulose (w/w)
ratio was adopted while soil samples
were mixed with 90% cellulose by
weight. The mixture was then pressed
to form a pellet of typically 40 mg/cm?
thickness and subjected to spectral and
total elemental analysis.

The X-ray fluorescence spectra were
recorded on a 4-K multichannel analyser
and the complete analysis of the spectra
was donc using the on-line data
processor coupled to the analyser.

For quantitative elemental analysis,
calibration curves were prepared from
the analysis of ‘pure element standards-
cellulose based pellets. - The fluorescent
peak area in the spectrum corresponding
to each element was then converted to
its concentration in ppm.

As the samples were diluted by
cellulose and were not too thick, the
matrix enhancement effects due to
multiple scattering of exciting primary
beam and the fluorescent X-rays were
assumed to be negligible. However,
correction for the matrix absorption of
the exciting and fluorescent X-rays was
found to be necessary for all samples.
The absorption correction (A) was
obtained from the following equation
(Kataria et al., 1977):

P. A. Wahid et al.

1-exp[-(b, cosec a, +b, cosec a,)m]

A =
(by cosec a; +b, cosec a,)m

Where b, and b, are the total mass
absorption coefficients for the primary
beam and the fluorescent X-radiations
respectively, a, and a, are the respective
angles with the perpendicular to the
sample and m is the mass thickness of
the sample.

For leaf and root samples, it was
assumed that the cellulose formed the
whole matrix as these samples are
mainly composed of organic substances
with traces of metals. Hence, for these
two types of samples, absorption correc-
tion in cellulose alone was computed.
Preliminary tests also confirmed the
validity of this assumption as the test
results agreed with the standard values
with 10% deviations. In the case of
soil samples, however, it was found
necessary to compute the absorption
correction in a matrix of 90% cellulose
and 10% SiO, plus Fe content of the
sample.

RESULTS AND DISCUSSION

Typical X-ray fluorescence spectra
of soil, leaf and root samples from
palms growing in the diseased tract
(Kayangulam) and disease-free area
(Pilicode) are presented in Fig. 1. The
presence of the fluorescent peak of an
element in the spectrum depends on its
presence and concentration in the
sample. The minimum detection limits
for various elements are furnished in
Fig. 2. Thus for soil samples, K, Ca, Ti,
Cr, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr and Zr
(atomic numbers in the range of 19-
40) could be detected and quantitated
based on the fluorescent K X-rays and
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X-RAY FLUORESCENCE SPECTRA OF SOILS, ROOTS AND LEAVES OF HEALTHY

AND ROOT (WILT) AFFECTED PALMS
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tative analyses of K and Ca were not
carried out as there is a great deal of
information already available on these
elements with reference to root (wilt)
disease (Pillai et al., 1981). Therefore,
the data are furnished only for trace
metals (Table II). It may also be

——taas —e

pointed out here that no attem‘Pt was
made to determine the available fraction
of these elements in soil.

Kayangulam sandy soil is rich in
Ti as compared to laterite and
Kumarakom (marshy area) clayey soils.
On an average, the Ti content of sandy
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FIG. 2. MINIMUM DETECTION LIMITS (M. D. L.) OF ELEMENTS IN RELATION
TO THEIR ATOMIC NUMBER
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soils is of the order of 2.4 per cent
while it is less than 1 per cent in laterite
and Kumarakom soils. Almost a reverse
trend was observed in the case of Cr.
Laterite and Kumarakom soils contained
comparatively more Cr than sandy soils.
Not much difference was seen in the
total Mn content of the soils. However,
laterite soil at Mannuthy had the highest
value for Mn (above soo ppm) as
against a value of less than 100 ppm
for other soils. The Fe content of
laterite soil was in the range of 3-
5.8 per cent while it was around 2
per cent in Kumarakom soil and less

than 1.2 per cent in sandy soils of
Kayangulam area. Nickel was detected
in a few soils notably in laterite soils.
Similarly, Br was detected only in a
limited number of soils. Not much
variations were observed in the concen-
trations of Cu, Zn and Pb among soils
while Rb and Sr contents were relatively
more in laterite and Kumarakom soils.
On the contrary, Zr content of sandy
soils was higher than that of laterite
and Kumarakom soils.  Apart from
these differences due to soil type, no
clear-cut pattern was evident in the
distribution of these elements in



X-ray fluorescence spectra of root (wilt) affected coconut palm

*

S1qejo8ap 10N = AN
‘uesw awy jJo °g 'S ajouap saIsayjuered ur saainbrg
sasA[eue g Jo sueawr ate sanjep
‘eale aaIj-aseastp ay) ur surjed Aijeay o) puodsarion g pue g staqunu dnoig
wied Lyreay Apuexeddy 'q ‘wyed paseasig
S[Te}ap 10j | @iqe], 93s aSe3d[d »

‘e 1 3JON

(9-01) (6°p) (z'¢) (¥°2) (z9) (0°2) (2'v) (2¢) (0°8g) @ (re1) (672¢)

£S1 ] 81 JA | ot1 61 S¢ S 0£28S 09 ob¥ 1327 9
(679) (s's) (€s) ry (6°¢) 0494 (»2) (v8¥) et)  (o11)  (2'12)

421 (1744 9e dN g6 o¥ 89 JA 5980¢ 08S 081 (115 2] S
(0'9) (z'%) (o) (1'8) (z'y) (82) (9°%8) (¥'8) (z'Lr)  (670¥)

16 85 21 aN oel 12 82 an 091SS SL 0SS 08€8 q
(z'8) (s'y) (»°s) (s'¥) (1) (s8°¢) (0's) (s°p) (9°s8) (044} (6c1) (g68)

08 SL L2 o1 0s 09 se o1 ovERP SS ses (11314 ey
(2°9) (9°6) vy (8's) (9°2) (z'¢e) (8°16) (¥9) (b21)  (0ee)

18 £61 2s an €L £e ot an 02122 sS SSH 0128 q
(s'#) (s's) (z'g) (s°%) (1) (e2) (9°2) (9°09) (rrn) (601)  (9°11)

S8 061 13 St 0s g2 ) anN 1128¢4 S¥ 02¢ SLIS eg
(8°6) (e¢) (1ry) (€9) (9°2) (ve) 12) (¥'5) (8'2t) (019)

o1e St 6 an 09 s2 s2 aN 0908 4 oet 0£982 q
(s'o1) (6°8) (s'y) (z'8) (s°¥) (8°¢) (8'¢) (e°29) (r9) (z81) (092D

€12 st o1 aN 801 0s 8¢ ol 0902t 2e ove S6L6€E ez
(z°6) (z'e) (g9 (ze) (zg) , (6 1¢) (r9) (rvy1)  (1'89)

061 daN 1§ anN 81 s2 02 dN 0s88 13 091 65251 q
o) (6°8) (z'v) (e¢) (1s2) (6°9) (ev1) (019

021 an anN an $6 £ 22 aN 0L68 08 06 0S6€1 ey
1z 15 qu 1g qd uz DN °J upW ) L ¥ i

D[DI3Y [0 SUO0IZa1 32.4f-asVasIp puD paspasip Yyl ul SUISDQ [I0S INNOIOD Jo (wdd) wouisodwios ppruawia)g 11 o1qel



*

97

relation to disease incidence.  The
elemental composition of Kumarakom
soil is quite similar to laterite. In the
present study, Mannuthy is considered
as a disease-free area although recent
reports show the presence of localised
pockets of diseased palms in the nearby
areas (Anonymous, 1981). In view of
the striking dissimilarities of the
physical and chemical characteristics of
the soils studied, comparison of their
chemical composition in relation to
disease incidence may be made within
the same soil type between the diseased
and disease-free areas. The sandy soils
of Kayangulam area are derived mainly
from the coastal alluvial deposits of the
Quilon-Alleppey tract which is rich in
minerals like ilmenite, monosite, zircon
etc.  Soils of similar nature are
however absent in the disease-free areas
(northern parts) of Kerala. Such an
approach would, therefore, restrict the
comparison to only laterite soils which
are widely distributed in the mid upland
regions of the state. Thus comparison
of laterite of soils of the two regions
shows lowest content of Sr and Zn in
the soils.of Pilicode.area.

High concentrations of Ti and Fe
were noticed in the roots compared to
other elements (Table III).  As the soils
are rich in these two elements, it is
possible that the presence of their
respective oxides as coating on the root
surface would lead to over-estimation of
their concentration in the sample.
Perhaps, this wold explain, in part, the
high content of Ti and Fe in roots,
Chromium and Zr were not detected in
the root samples. The concentration of
Mn was higher in roots of the palms
growing in sandy soil than that in

P. A. Wahid et al,

laterite soil. Nickel and Cu contents of the
diseased roots were found to be compa-
ratively higher than healthy roots. The
healthy roots on an average contained less
than § ppm Ni. Not much differences
were observed in the concentrations of
Zn, Pb and Br in the roots of the palms.
Strontium was present in the roots of all
palms at concentration of about 10 ppm.
A notable exception was, however, the
Pilicode samples in which Sr was not
detected. Rubidium was detected only
in a few samples.

In general, the concentrations of
the metals in the leaf were less than in
roots. Titanium, Cr and Pb were not
detectable in the leaves of the palms.
Nickel was detected only in two cases
(Table 1V). No regular pattern was
discernible in the foliar levels of Fe, Cu,
Zn, Br and Rb in relation to the disease.
However, it was found that foliar Mn
levels were lower in apparently healthy
palms than in the diseased palms.  The
leaf samples collected from Kayangulam
(location 1) showed abnormally ~ high
concentrations of Cu, probably due to
the Cu fungicide spray on these palms.
The leaf samples collected from Kayan-
gulam (location 1) showed abnormally
high concentrations of Cu, probably due
to the Cu fungicide spray on these
palms. Strontium content of the leaves
of the diseased palms was found to be
generally low compared to that of
healthy or apparently healthy palm.
On the contrary, roots of the diseased
palms accumulated more Sr. It was also
found that foliar Sr level was negatively
correlated with Sr content of roots
(r = -0.63) indicating that the translo-
cation of Sr from the roots to top is
hindered in the diseased palms.
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Table 1V. Foliar elemental composition (ppm) of coconut palms in the diseased and

disease-free areas of Kerala

f:;‘g:r, Mn Fe Ni Cu Zn Br Rb Sr
la 120 185 ND 60 9 33 11 8
(6.3) (8.0) (8.4) (2.8) (3.2) (2.2) (2.2)
b 88 10 9 42 4 18 ND 18
(6.7) (6.9) (4.1) (1.1) (2.0) (2.8) (2.6)
2a 90 123 ND 5 10 32 ND 8
(1.3) (1.3) (1.4) (2.2) (2.4) (2.0)
b 95 130 ND 5 10 21 ND 12
(5.9) (1.4) (1.0) (1.4) (2.4) (2.4)
3a 85 112 ND 7 8 40 7 10
(5.1) (5.8) (L.7) (1.4) (3.2) (2.2) (2.2)
b 26 110 ND 6 10 31 10 16
(6.0) (5.0) (1.7) (.7 (3.2) (2.2) (2.0)

4a 172 102 ND 5 12 15 24 11
(13.5) (6.5) (1.4) (1.7 (2.2) (3.2) (3.7)

b 46 .92 6 6 14 14 15 21
(6.3) .2) (2.6) (1.4) (2.2) (2.0) (2.6) (2.2)
5 188 120 ND 5 16 33 18 16
(6.9) (5.4) (1.0) (2.2) (2.4) (3.2) (2.4)
6 248 96 ND 7 12 38 ND 16
(8.2) @&.7 (1.7) (2.0) (2.8) (2.6)

* Please see Table ] for details

Note: a — Diseased palm; b — Apparently healthy palm; Group number 5 and 6 correspond
to healthy palms in the disease-free area

Values are means of 5 analyses
ND ~-- Not detectable

Figures in parentheses denote S. D. of the mean
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