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ABSTRACT

Energy Dispersion X-Ray Fluorescence Technique @B)Xwas employed to study the effects of the furaagi
disease on the elementary chemical compositioheofeaves. The experimental set up consisted af Xkay tube
(Kz= 17.44 keV) with Zr filter and a Si (Li) detectdrhe measurements were performed with the infeated
healthy leaves of citric plants. The elements T, Fe, Cu and Zn were quantified, with an averadeoD69, 12, 8,
4 and 4.4.g" respectively. The obtained concentration for Feedafrom 44 to 192u9.g* in healthy leaves and
from 363 to 70449.g" in infected leaves with fumagina .
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INTRODUCTION and bad quality harvests. If the harvest is not
treated at the proper time, it can be lost, causing
Several microorganisms including fungus andlamages to the agriculture, especially of areas of
virus infect Citrus plants. "Fumagina” is an citric plantations. The technique of fluorescence
association of fungus, which presents a sooX-rays for dispersion of energy (EDXRF), is a
coloration and attackCitrus trees, producing a Vversatile technique of low cost, non- destructive
yellow cover and fall of the leaves, reducing theand fast in the simultaneous determination of
size and amount of the fruits” (Fanta et al.,1992)nany elements. It requires small amount of
Fumagina is produced by th@apnodiumfungi samples and many of them can be analyzed
(Almeida et al.,2003), a fungus froPothideales without any special preparation. The quali-
order that lives associated with the yellow aphid guantitative analysis of elements with the X-rays
Monelliopsis pecan)s excreting a heavy load of a fluorescence technique bases on the measurement
sugary substance that provides the sooty funguwd the characteristic X-rays emitted by the
development, covering, in some cases in totalityglements of interest contained in the sample, when
of leaves, fruits and branches surfaces (Aragéo ptoperly excited. The measured intensities of these
al., 2001). The physical block of the characteristic X-rays are directly proportional to
photosynthesis is one of the largest problemthe concentrations of the elements in the sample.
caused by the disease. This reduction in th&he characteristic X-ray emitted has its origin in
photosynthesis, however, affects the reserves #fie electronic transitions between the most internal
carbohydrates in the plant, resulting in the reduceldyers (K, L, M and N). When one electron jump
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from external level to internal level, it is followed detector, model SL 80175, 80 rmif active area
by the emission of an X-ray with very definedand resolution of 175 eV for the 6.4 keV Fe X-ray
energy or wave length, characteristic of thdine.An Ag collimator of 6.3 mm diameter was
element.(Lachance, 1994). The analysis by X-rayssed over the Si (Li) detector, in order to minimize
fluorescence consists of three phases: excitation tie detection of dispersed radiation produced by
the elements that constitute the sample, dispersidhe experimental arrangement and also to reduce
and detection of the X-ray emitted.the dead time. The time of excitation and detection
(Nascimento,1993). The samples used in this wortor the samples was 300 seconds and varied from
were infected and healthy leaves @iric plants 100 to 500 seconds for the MicroMatter element
orange and lemon treeRitaceae-Citrusspp). standards. The measurements were accomplished
Through the EDXRF technique Aragdo et al.atthe Laboratory of Nuclear Instrumentation in the
(2001) have observed that in the healthy oliveCenter of Nuclear Energy in Agriculture,
leaves, from Mediterranean area, the concentratidDENA/USP, Piracicaba, Sdo Paulo. The data were
of iron was smaller than the one of calcium, whileanalyzed at the Laboratory of Applied Nuclear
in the plant leaves infected by fumagina thisPhysics of the State University of Londrina,
relation was inverted, observing a quite highParana, using the software AXIL (Espen et al.,
amount of iron in relation to calcium. This was thel977).
only work in which the variation in the
concentration of Fe was measured in the plantreparation of the Samples
infected by fumagina. Ivanova et al., (1999), usinghe samples oBahia, Valéncia, native orange
the EDXRF technique with radionuclide sources|eaves andTahiti lemonleaves collected in the
measured elements concentrations in four speci@hool Farm of the Agronomy Department of the
of the healthy plant leaves. Guohui and Shouzhon8tate University of Londrina were prepared and
(1995) reported the direct determination of 25measured in three stages:
elements (1£Z<82) in dry powdered plant 1) In natura: without any preparation. Three
materials by X-ray fluorescence spectrometry. Itlifferent leaves were collected and measured
was using the pressed powder pellets of the plandirectly.
samples, containing 1 g of the dry powdere®) In tablets: the samples of leaves were washed
material. The measured elements concentratioand placed to dry in oven at 200° C during 48
was in the range from 0.2 to 30460 ppm, and thbour. After drying, the samples were crushed and,
lower level detection (LLD) was in the range fromusing 1g of this material, tablets of 3.1 cm of
0.25 to 23.6 ppm. The aim of this work was todiameter were made by pressing the material at
analyze the amount of the chemical elements 2 t.cn¥ for five seconds, resulting in a superficial
the healthy and fumagina infected leaves bylensity of 0.132 g.cih Three tablets of each kind
EDXRF. Ajasa et al. (2004), using atomicof leaf were prepared for measurement.
absorption spectrophotometry, measured a total &) Tablets with boric acid: 0.1g of dry leaves
10 elements (1£7<82) in powdered medicinal material was diluted in 0.9 g of boric acid
plant samples. The measured element@i:BOs). Tablets were made using 1g of this
concentration was in the range from 0.21 to 3660Mixture as described above. For all the stages 1, 2
ppm. and 3, three different samples of each leaf type of
the consideredCitric plants were measured and
analyzed. For the calculation of the sensibility, the

MATERIALS AND METHODS thin film standard manufactured by Micro
Matter/U.S.A., was employed whose element
Experimental Set-Up and Parameters concentrations are shown in Table 1.

The excitation of the samples was accomplished
with a Mo X-ray tube (K = 17.44 keV) with Zr

filter, whose operation conditions were 10 mA and
25 kV.It used a Canberra semiconductor Si(Li)
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Table 1- Elemental concentrations of thin film standard .

Elements Concentrations
(ug cn®)
Ca 30.90
Ti 43.30
Mn 44.69
Fe 49.40
Cu 42.30
Zn 16.16
Quantitative Analysis — Emission and a
Transmission Method C = Cp [ (4)

y

The concentration of the elements in the pellets
was determined through the equation (Giauque €{here:

aI.,1973)| : lCﬁ - element concentration in the fresh lgad @
)
i — (1) ¢, - element concentration in the pastillpg €m?)
S.A a — pellets area (7.55 én
Where: and:
c- element concentration in the tablgig.crm?) . X M
S — elementary sensibility of the analyte (pps. . (5)
Lcnt) y

| — intensity of the analyte (cps) /
A- absorption factor of the characteristic X-ray of
the element of interest by the matrixio( the mass of dry leaves powder

y - ratio between the mass of fresh leaves and

dimensional) X - mass of fresh leaves
The factor A is given by: y - mass of dry leaves powder
_1- e_X'pa'D m- 0.1g, mass of dry leaves powder used to make
A= - 2)
D the tablets
X'pg "

Detection Limit
Where: The detection limit was calculated through the

| irrad following equation (BERTIN,1975):

XPoD=In

irad +am __ | am |
3 .
- I (BG) ©6)
S.A t

"™ _ characteristic X-ray intensity of the eIement\zNherei DL -detection limit for the analytpd.cm
of interest i from the irradiator "f4M - ) ' _
characteristic X-ray intensity of the element oflige)— intensity of background under analyte peak

(3) DL

interest i transmitted by the sampfél - (cps) _ _ _
characteristic X-ray intensity of the element ofA - absorption factor (no dimensional)
interest i originated from the sample. t — time of excitation and detection (s)

The conversion of the element concentrations i®/Sing standards of thin film manufactured by
the pellets to the analyzed citric species leaves wadicroMatter/USA, element  sensibilities were
accomplished through the equation: calculated for Ca, Ti, Mn, Fe, Cu and Zn.
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94 Y =18.74781-2.04642 X+0.05689 X°
| R’= 0.99896
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Figure 1 - Elementary sensibility in function of the atomignmber for the Micro Matter standards
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Figure 2 — Typical behavior of the absorption factor in ftion of the atomic number for a
sample of Valéncia orange with fumagina

Fig. 1 displays the sensibility in function of theorange with fumagina (Fig. 2 ). All the samples

atomic number for the mentioned standardpresented correlation between the absorption
Through the equation shown in the respectivéactor and the atomic number.

figure the sensibilities were calculated for theFig. 3 displays the relation between the detection
elements of interest. For all the biological sampledimit and the atomic number for the samples with
the absorption factors were determined with théumagina analyzed in this work. For the atomic
aid of equation 2, using an irradiator containinghumber 22, the detection limit varied between 50
the elements V, Mn, Cu, Se, Br and Rb (atomi@nd 86ug.g*. For the atomic numbers from 25 to

numbers ranging from 23 to 38). Fig. 2 shows thg0, the detection limits were lower, varying

relation between the absorption factor and thgetween 2.8 and ]459_9‘1_

atomic number for a sample of Valéncia orange

with fumagina And for the sample of Valéncia
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Figure 3 - Minimum limit of detection in function of the atacnumber for the samples with fumagina

RESULTS AND DISCUSSION concentration of calcium, while in the infected

leaves the behavior is opposite, the concentration
Figs. 4 and 5 presents typical spectraBathia of iron is much larger than the one of calcium
orange samples analyzedn natura, with and This behavior was observed in all the analyzed
without fumagina, respectively. species anth naturaas in form of tablet. Tables 2
For the other samples analyzed, Valencia orangt9y 5 show the average values and standard
Native orange and Tahiti lemon, the spectra werdeviations for the concentrations obtained from the
similar. The spectra presented at Figs. 4 and measurements of three different samples from
show the concentration of iron in the healthyeach leaf type as well as the average values of the
leaves, without fumagina, smaller than thedetection limits for the samples analyzed.
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Figure 4 - Typical spectrum of @ natura Bahia orange leave sample with fumagina (time of
excitation and detection of 300 s)

Brazilian Archives of Biology and Technology



856 Blonski, M. S. et al.

4500 —
4000 H
3500
3000 +

2500

Contagens
N
o
o
o
1

1500 Ca-Ka

1000 K-%Kﬂ
500 A"r“ CTKB Fe-Ka Zn-Ka
! \

0 T T T T 1
2 4 6 8 10

Energia (keV)

Figure 5 - Typical spectrum of & naturaBahia orange leave sample without fumagina (tifne o
excitation and detection of 300 s)

Table 2 - Average concentrations, standard deviations anitsliof detectioni{g g*) of the elements Ca, Ti, Mn,
Fe, Cu e Zn determined for Bahia orange leaves lesmwyith and without fumagina. Three different séeapfor
each kind of leaf average results.

Bahia orange Bahia orange
with Fumagina without
Fumagina
Elements Average Standard Limit of Average Standard Limit of
Concentration Deviation detection  Concentration Deviation detection
(ug g% (hg g*) (hg g% (g %) (ug g% (hg g%
Ca 94788 36273 681 48862 2818 1019
Ti 111 38 50 <78 78
Mn 32 14 8.7 30 3 13
Fe 704 250 5.7 132 3 8.6
Cu 5.8 1.9 3.1 <47 4.7
Zn 9.8 2.7 2.8 6.4 0.6 4.3

Table 3 - Average concentrations, standard deviations aniisliof detectioni{g g*) of the elements Ca, Ti, Mn,
Fe, Cu e Zn determined for Valéncia orange leaaagptes with and without fumagina. Three differeangles for
each kind of leaf average results.

Valéncia Valéncia orange
orange without
with fumagina
fumagina
Elements Average Standard Limit of Average Standard Limit of
Concentration Deviation detection  Concentration Deviation detection
(g g") (ug g% (g g") (ug g% (ug g*) (ug g")
Ca 125573 4295 1158 103796 6632 1132
Ti <86 86 <84 84
Mn 70 1 15 59 2 14
Fe 422 4 9.6 170 11 9.4
Cu 133 2 5.3 33 2 5.2
Zn 21.2 0.5 4.8 13.3 0.5 4.7
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Table 4 - Average concentrations, standard deviations anitsliof detectioni{g g*) of the elements Ca, Ti, Mn,
Fe, Cu e Zn determined for native orange leavegpksnwith and without fumagina. Three different géaa for
each kind of leaf average results.

Native orange Native orange
with without
fumagina fumagina
Elements Average Standard Limit of Average Standard Limit of
Concentration Deviation detection Concentration Deviation detection
(g g% (g g% (ng g% (g g% (g g% (g g9
Ca 108628 17860 1087 83368 1614 698
Ti 86 32 81 62 7 51
Mn <14 14 <87 8.7
Fe 374 46 9.2 192 3 5.6
Cu <5.0 5.0 <31 3.1
Zn 7.3 0.7 4.6 4.7 0.3 2.8

Table 5 - Average concentrations, standard deviations anitsliof detection{g g*) of the elements Ca, Ti, Mn,
Fe, Cu e Zn determined for Tabhiti lemon leaves dasnwith and without fumagina. Three different séeapfor
each kind of leaf average results.

Tabhiti lemon Tahiti lemon
with Fumagina without
Fumagina
Elements Average Standard Limit of Average Standard Limit of
Concentration Deviation detection Concentration Deviation detection
(ug g% (ug g% (g g% (g g% (g g% (g g%
Ca 91313 5164 852 30967 1714 703
Ti <64 64 <54 54
Mn 15 1 11 <9.2 9.2
Fe 363 23 7.0 44 1 6.0
Cu <39 3.9 <33 3.3
Zn 6.9 0.2 3.5 5.9 0.5 3.0

Tables 2, 3, 4, and 5, showed that for all thé&dowever, in a work with leaves of olive tree from
species of analyzed leaves sampBashfa orange, Mediterranean area, Aragéo et al.,(2001), observed
Valéncia orange, Native orangmdTahiti lemon, through the EDXRF technique, observed a
there was an increase in the concentrations of Tietabolic disorder of Fe and Ca. Analyzing the
Mn, Cu and Zn in the infected samples withspectra of healthy olive tree leaves and comparing
fumagina in relation to the healthy ones, withouthem with the ones infected by fumagina, they
fumagina. In the infected sample with fumaginaobserved that in the healthy leaves, the
high increase was observed in the concentration ebncentration of Fe was smaller than Ca and in the
Fe in relation to the one without fumagina. It wasnfected leaves with fumagina it was opposite with
also observed that these concentrations were muehquite high amount of Fe in relation to Ca. The
larger than the limit of detection. For K and Ca theconcentration of Fe measured in the infected
technique was not viable for the quantitativeeaves of olive trees with fumagina was 80ppm,
determination, presenting limitations for thequite inferior to the observed values in the infected
elements with atomic number smaller than 25leaves studied in this work. Ivanova, et al.(1999),
There were no reports on the quantitative ousing the EDXRF technique with radionuclide
qualitative values of concentration variation ofsources, analyzed the species of healthy plants
elements in infected plants with fumagina.Pleurozium schreber, Taraxacum officinale, Picea
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abies and Populus nigra “Italica” Table 6 shows Ca, Mn, Fe, Cu and Zn.
the results of the concentrations obtained for K,.

Table 6 -Concentrationsyg.g") measured by Ivanova, et al. in healthy plantsdea

Plants K Ca Mn Fe Cu Zn
Taraxacum officinale 32200 11400 24 188 8.7 31
Populusnigra‘ltalica” 2000 10000 44 100 0.90 7
Pleurozium schreber - - 110 153 4.1 23.7
Picea abies 3234 3991 7 16 1.5 21

Guohui and Shouzhong (1995), using X-raythe concentrations obtained for K, Ca, Ti, Mn, Fe,
fluorescence spectrometry, measured 25 elemen®s and Zn can be observed in Table 7.
in the dry powdered plant materials. The results of

Table 7 -Results of elements concentratiopg.j*) measured by Guohui and Shouzhong in plant samples

Plants K Ca Ti Mn Fe Cu Zn
Orchard leaves (USA) 15200 19564 28.1 94 298 124 462
Pepper leaves (Japan) 15815 14828 7.3 2050 212 5342. 3425
Citrus leaves (USA) 17132 30460 - 22.3 78 25.2 25.2

Ajasa et al. (2004), using atomic absorptiomrAjasa et al. (2004), using atomic absorption
spectrophotometry measured a total of 10 elemenspectrophotometry measured a total of 10 elements
in the powdered medicinal plant samples. Thén the powdered medicinal plant samples. The
analyzed plant samples wereAnacardium analyzed plant samples wereAnacardium
occidentale, Azadirachta indica, Butyrospermunoccidentale, Azadirachta indica, Butyrospermum
paradoxum, Mangifera indica, Morinda lucida, paradoxum, Mangifera indica, Morinda lucida,
Ocimum canum, Solanum erianthum, Solanur®cimum canum, Solanum erianthum, Solanum
torvum, Zingiber officinalend Hyptis suaveolens. torvum, Zingiber officinaland Hyptis suaveolens.
The results of the concentration obtained foiThe results of the concentration obtained for
elements K, Ca, Mn, Fe, Cu and Zn can belements K, Ca, Mn, Fe, Cu and Zn can be
observed in Table 8. observed in Table 8.

Table 8 -Results of elements concentrations in plant sasn(plem) measured by Ajasa et al.

Plants K Ca Mn Fe Cu n

A.occidentale 6380t25 610315 89.20.03 35.60.02 2.960.01 3.3%0.02
A.indica 1922@55 354315 46.5%0.04 18&0.10 1.120.01 15.#0.01
B.paradoxum 8170t16 2185@40 31.20.06 96.10.05 10.30.01 8.8#0.01
M.indica 7470t15 1881a&11 1330.06 46.60.01 3.0#0.01 3.240.01
M.lucida 1310G:101 513421 685-0.02 1220.02 16.30.01 33.60.01
O.canum 3660G:350 3242652 51.30.04 24%0.05 15.%0.01 30.80.01
S.erianthum 2875@51 728@&30 34.10.02 178&0.05 21.#0.01 24.20.01
S.torvum 3155@102 113920 48.70.06 208&0.03 13.20.02 23.40.01
Z.officinales 2528113 261@10 4130.70 1440.05 14.40.01 33.30.01

H.suaveolens 18263233 19788 39.4:.0.30 1420.10 24.40.01 35.30.01

Comparing the results of Table 6 with those of present any results for Ti. The values obtained
this work for healthy leaves (Tables 2 to 5), it  for the range of concentration of Mn were

could be observed that the range of equivalent in both the works. For Zn, the range
concentration of Fe in both works had the same of concentration measured by lvanova et al.
order of magnitude. Ivanova et al. (1999), didn't  (1999), was a little higher than that measured in
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this work, while for Cu, the range obtained in

the present work was quite superior to that
measured in the plants analyzed by Ivanova
et.al. (1999). Comparing the results of Table 7
for the Citrus leaves samples with those of this

work for healthy leaves (Tables 2 to 5), it could

be observed that the range of Fe, Mn and Cu
concentrations in both the works had the same
order of magnitude. Guohui and Shouzhong
(1995), didn't present any results for Ti. For Zn,

the range of concentration measured by Guohui
and Shouzhong (1995), was a little higher than
that measured in this work. Comparing the

results of Table 8 with those of this work for the

healthy leaves (Tables 2 to 5), it could be

observed that the concentrations of Fe and Zn
were a little higher than those measured in this
work. Ajasa et al. (2004), didn't present any
results for Ti. The values obtained for the

concentration of Mn were higher than that

measured in this work. For Cu the range of
concentration measured by Ajasa et al. (2004),
was a little smaller than that measured in this
work.

CONCLUSIONS

The obtained results employing the three
different samples preparation methods resulted
in similar conclusions for the various elements
behavior comparing healthy and infected leaves.
In healthy leaves samples, without fumagina, the
obtained concentrations for the analyzed
elements varied from 44 to 19@.g" for Fe, 54

to 84ug.g* for Ti, 8.7 to 59ug.g" for Mn, 4.7 to
13.3pug.g" to Zn e 3.1 to 331g.g" to Cu. The
obtained concentrations in samples of infected
leaves with fumagina varied from 363 to 704
pg.g* for the element Fe, 64 to 1ugy.g* for Ti,

14 to 70pg.g* for Mn, 6.9 to 21.2ug.g" for Zn
and from 3.9 to 133pg.g* for Cu. The
concentration of Fe in the leaves infected by
fumagina, in relation to the healthy ones
increased by a factor 5.3, 2.5, 1.9 and 8.2,
respectively for the leaves ddahia, Valéncia
and native oranges, and Tahiti lemon.
Comparing the citric species among themselves,
it can be observed that tHahiti lemonleaves
were more affected by fumagina than the three
orange species leaves. In the EDXRF qualitative
determination of K, Ca, Ti, Mn, Fe, Cu and Zn

in samples of citric plants leaves analyzed
natura and in the form of tablet of the pure
material of leaves powder, it was possible to
observe clearly the effects of fumagina in the
several analyzed species, whose behavior was
identical to the measured in the quantitative
analyses.
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RESUMO

Foi empregada a técnica de fluorescéncia de
raios X por dispersdo de energia (EDXRF), para
estudar os efeitos da doenga fumagina na
composi¢cdo quimica elementar de folhas. O
arranjo experimental consistiu de um tubo de
raios X com anodo de Mo @< 17.44 keV) com
filtro de Zr e um detector de Si(Li). As medidas
foram realizadas com folhas de plantas citricas
infectadas e sadias. Foram quantificados os
elementos Ti, Mn, Fe, Cu e Zn, com um limite
de deteccdo médio de 69, 12, 8, 4 @dg’
respectivamente. As concentracdes obtidas para
o Fe variaram de 44 a 198.g" em amostras de
folhas sadias e de 363 a 704 g para as
folhas infectadas com fumagina.
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