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This anal y sis of 238U, 226Ra and 210Pb trans fer fac tors from the soil to the leaves of dif fer ent
na tive broadleaf trees at sites pre vi ously mod i fied by ura nium pres ence and at the site of back -
ground ra dio ac tiv ity lev els, was con ducted us ing data from a few avail able stud ies from the
lit er a ture. The broadleaf tree spe cies Quercus ilex, Quercus suber, Eu ca lyp tus camaldulensis,
Quercus pyrenaica, Quercus ilex rotundifolia, Populus sp. and Eu ca lyp tus botryoides Sm. at the af -
fected sites and Tilia spp. and Aesculus hippocastanum L. at the back ground site were in cluded in
the study re gard less of the de cid u ous or ev er green or i gins of the leaves. In the pa pers cited
here, data about ba sic soil pa ram e ters: pH, to tal Ca [gkg–1], sand [%], and silt + clay [%] frac -
tions were also avail able. All the col lected data of ac tiv ity con cen tra tion [Bqkg–1] dry weight
in the soil (n=14) which was in the range: 22-6606 for 238U, 38-7700 for 226Ra, and 37-7500 
for 210Pb, and the tree leaves in the range: 2.7-137.6 for 238U (n=10), 2.6-134.2 for 226Ra
(n=14), and 27-77.2 for 210Pb (n=14), in di cated that it was nor mally dis trib uted af ter
log-trans for ma tion. The pres ent study was con ducted un der the hy poth e sis that bi o log i cal
dif fer ences be tween the ex am ined broadleaf tree spe cies have a lesser in flu ence on the trans fer
fac tors of the in ves ti gated radionuclides from soil to tree leaves com pared to the im pact of the
soil pa ram e ters and radionuclides ac tiv ity con cen tra tions in the soil. Con se quently, it was ex -
am ined whether 238U, 226Ra, and 210Pb soil-to-leaves trans fer fac tor val ues for av er age
broadleaf spe cies could be pre dicted sta tis ti cally in the first ap prox i ma tion based on their ac -
tiv ity con cen tra tion in the soil and at least one ba sic soil pa ram e ter us ing mul ti ple lin ear re -
gres sion.
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INTRODUCTION

The nat u rally oc cur ring radionuclides 238U,
226Ra, and 210Pb are non-es sen tial el e ments, but may
en ter the trees the same path ways as an es sen tial el e -
ment: via the root up take or fo liar de po si tion. The
radionuclides 238U, 226Ra, and 210Pb, pres ent in soil in
the form avail able for up take, may be taken by the tree
roots, translocated to the xy lem and then to the tree
leaves pro moted by the tran spi ra tion of wa ter via the
leaves [1]. Ad di tion ally, the air borne part of nat u rally
oc cur ring 210Pb may be di rectly de pos ited on the outer
cell layer of the leaf sur faces and ab sorbed into the leaf
tis sue through the path way of fo liar up take [1, 2]. Af -
ter up take, radionuclides may be translocated, leached
or ac cu mu lated within parts of the tree (the roots,
leaves, twigs, among oth ers) [2-5]. The study of el e -
ments de tected in the trees of nat u ral bo real veg e ta tion
showed that an el e ment (and its iso tope) would ex hibit
a dif fer ent leaf-to-twig con cen tra tion ra tio de pend ing

on its role and or i gin in the tree [3]. In the case of the
de cid u ous Betula pubescens tree, leaf-to-twig ra tio
val ues  of  1.5-2 for  po tas sium (an es sen tial-nu tri ent)
>0.6-1.0 for ura nium (non-es sen tial-soil de rived)
>0.3-0.6 for lead (non es sen tial-at mo spher i cally de -
rived), were ob tained. Nat u ral ra dio ac tive iso topes
that are trans ferred from the soil to the roots and then to 
the leaves, may be de pos ited in the soil dur ing the de -
com po si tion of fallen leaves and be con tin u ously re cy -
cled by the trees due to their long half-life.

Radionuclides be long ing to the ura nium de cay
se ries, were de tected in the sam ples of tree leaves col -
lected at Ca na dian back ground sites us ing var i ous
meth ods (al pha spec tros copy, gamma spec tros copy,
beta count ing, gas flow pro por tional count ing) [2].
How ever, the method de tec tion limit was not suf fi -
ciently sen si tive to de tect those radionuclides in all of
the back ground sam ples, de spite the col lec tion of very
large plant sam ples which al lowed ashing as a
pre-con cen tra tion step in the anal y sis. So, it is more
dif fi cult to de tect 238U, 226Ra, and 210Pb iso topes in the
tree leaves at back ground sites, un like at sites in the vi -
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cin ity of ura nium min ing fa cil i ties, where lev els of
ura nium and its de cay prod ucts can be rel a tively high
in the sam ples of soils and plants [6-8]. For ex am ple,
an ef fect of radionuclide ac cu mu la tion in leaves was
clearly ev i dent at a for mer ura nium mine, with ac tiv ity
con cen tra tions much higher in the old leaves of
Quercus suber (for 238U and 210Pb) and Eu ca lyp tus
camaldulensis (for 226Ra) com pared to those in the
young leaves [9].

The soil-to-plant trans fer fac tor (TF) is ex -
pressed as the ra tio be tween the radionuclide ac tiv ity
con cen tra tion in the plant tis sue, or the plant part such
as the leaf [Bqkg–1] (dry weight plant tis sue), to that in
the soil [Bqkg–1] (dry weight soil). The TF is com -
monly used to quan tify radionuclide up take from the
soil by plants and it is as sumed that trans fer pri mar ily
de pends on root up take within the soil layer of a stan -
dard ized thick ness, com pared to the less sig nif i cant
plant con tam i na tion (such as fo liar up take and soil ad -
he sion by resuspension). A stan dard ized depth of 20
cm for all crops and the fruit trees is adopted, as sum ing 
that the bulk root den sity is usu ally found in that sur -
face layer of soil [5].

By def i ni tion, trans fer from soil to plant is con -
sid ered as an equi lib rium pro cess when the nat u rally
oc cur ring radionuclide ac tiv ity con cen tra tion in the
plant is lin early re lated to its con cen tra tion in the soil,
im ply ing a con stant TF in de pend ent of soil con cen tra -
tion [10-13]. But, be cause plant up take is a com plex
pro cess af fected by char ac ter is tics such as the
radionuclides' physicochemical form, soil type, the
phys i cal and chem i cal prop er ties of the soil, the type
and the bi o log i cal prop er ties of plants and cli mate
con di tions, a de vi a tion from lin ear ity and a large vari -
abil ity of mea sured TF val ues is pro duced [12-15]. To
re duce this vari abil ity, soil-to-plant TF val ues for the
nat u ral radionuclides (ura nium, tho rium, ra dium, lead, 
po lo nium) were grouped ac cord ing to ma jor crop type
and to soil group, as de fined by their tex ture and or -
ganic mat ter con tent (sand, loam, clay and or ganic)
and the ge neric TF val ues were rec om mended [12]. 

The TF de vi ates from lin ear ity be cause of the
char ac ter is tic up take of radionuclides by plants which
is greater at their low con cen tra tions in soil, as ymp tot -
i cally reach ing con stant (sat u ra tion) value at high soil
con cen tra tions that is very well de scribed by a non-lin -
ear func tion [13]. This non-lin ear ity of the trans fer of a 
ra dio ac tive iso tope was found to be equally ex plained
by its to tal as well as mo bile soil con cen tra tions [16,
17]. Radionuclides are usu ally tol er ated by the tree
roots on their low ac tiv ity con cen tra tions in the soil.
Based on their re sponse to in creas ing con cen tra tions
in the soil, there are spe cies whose root up take would
dif fer from that of an av er age tree spe cies and may be
cate gor ised as an ex cluder spe cies (the up take of
radionuclides is re stricted by an ex clu sion mech a -
nism), an in di ca tor spe cies (con cen tra tions in leaves
lin early re flect con cen tra tions in the soil) or an ac cu -

mu la tor spe cies (radionuclides ac cu mu late in tree
leaves with out symp toms of tox ic ity un til a crit i cal
thresh old level in soil is reached). In any case, the TF
be hav iour of both tol er ant and non-tol er ant spe cies is
de scribed by the non-lin ear func tion in the wide range
of con cen tra tions in the soil [1, 13, 16, 17].

In this work, it was ex am ined whether there were 
any dif fer ences in 238U, 226Ra, and 210Pb TF val ues
from the soil to the leaves of broadleaf trees be tween
the sites af fected by ura nium min ing and the sites with
the back ground ra dio ac tiv ity level, by us ing avail able
data from a few stud ies found in the lit er a ture (see Ma -
te ri als and meth ods). Nat u ral radionuclides were as -
sumed to be in the steady-state be tween the soil and
the trees be cause the radionuclide ac tiv ity con cen tra -
tion in the soil is not chang ing over time (af ter a suf fi -
cient time af ter con tam i na tion at af fected sites). That
de gree of con tam i na tion of the trees is de ter mined by
root up take for 238U and 226Ra and by root up take and
fo liar de po si tion in the case of 210Pb [5]. It was hy poth -
e sized that the bi o log i cal dif fer ences be tween the ex -
am ined broadleaf tree spe cies would have less in flu -
ence on the trans fer of the in ves ti gated radionuclides
from the soil to the tree leaves, com pared to the im pact
of their ac tiv ity con cen tra tions in the soil and site-spe -
cific soil pa ram e ters. Since the cited pa pers con tained
data about ba sic soil pa ram e ters (pH, to tal Ca, per cent -
ages of sand and silt + clay), it was ex am ined whether
238U, 226Ra and 210Pb soil-to-leaves TF val ues, for av -
er age broadleaf spe cies, could be pre dicted by their ac -
tiv ity con cen tra tion in the soil and at least one ba sic
soil pa ram e ter us ing mul ti ple lin ear re gres sion.

MATERIALS AND METHODS

The broadleaf tree spe cies which soil-to-leaves TF
val ues are in ves ti gated in this work were: Quercus ilex,
Quercus suber, Eu ca lyp tus camaldulensis [9], Quercus
pyrenaica, Quercus ilex rotundifolia, Populus sp. [18]
af fected by ura nium min ing; and Eu ca lyp tus botryoides
Sm. af fected by ura nium-rich coal min ing [15]. At the
site con sid ered as back ground, the broadleaf tree spe cies
were Tilia spp. (lin den) and Aesculus hippocastanum L.
(horse chest nut) [19]. The col lected ac tiv ity con cen tra -
tion data of 238U, 226Ra and 210Pb, de ter mined in soils and
leaves, are pre sented in tab. 1. When all the avail able data 
are grouped to gether, the ac tiv ity con cen tra tions
[Bqkg–1] dry weight in the soil were in the range (n = 14):
22-6606 for 238U, 38-7700 for 226Ra and 37-7500 for
210Pb and in the tree leaves: 2.7-137.6 for 238U (n = 10),
2.6-134.2 for 226Ra (n = 14) and 27-77.2 for 210Pb (n =
=.14). It was es ti mated that the mea sure ment un cer tain -
ties of TF val ues, ob tained  in the cited works, were in the
range of 15 % to 30 %, ex cept where [9] they were in the
range of 2 % to 10 %. Data about ba sic soil prop er ties
were also avail able in these cited works and are in cluded
in tab. 1. The ranges  of  their val ues  were:  4.40-7.86  for
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pH, 1.7-11 gkg–1  for  to tal Ca,  7.4  %-91  %  for  sand
frac tion  and 9 %-92.5 % for the sum of silt + clay frac -
tions.

The nor mal ity of the datasets was eval u ated us -
ing the Shapiro-Wilk's test and sta tis ti cal anal y sis was
con ducted at the 95 % con fi dence level. Due to the
scar city of some data, it was ac cepted that datasets in -
di cated nor mal dis tri bu tion if the val ues of stand ard -
ised skew ness and kurtosis were within the range of –2 
to +2. One-way anal y sis of vari ance (ANOVA) was
per formed to spec ify the sig nif i cant dif fer ences at the
95 % con fi dence level be tween the ex am ined data
groups from the sites con sid ered as af fected and as
back ground. In or der to pre dict TF val ues based on the
avail able data, mul ti ple lin ear re gres sion was per -
formed be cause this might ex plain how a sin gle re -
sponse vari able (TF) de pends lin early on a num ber of
pre dic tor vari ables (soil ac tiv ity con cen tra tions and
ba sic soil prop er ties). To in ter pret re sults of re gres -
sion, apart from the F-test sta tis tic and p-value, which
are re ported in the re gres sion (ANOVA ta ble), the
value of R2 (the pro por tion of vari a tion in the re sponse
that is ex plained by the re gres sion of all the pre dic tors
in the model) and the ad justed R2 was used [20]. To test 
the null hy poth e sis that the stan dard de vi a tions of TF
val ues within each site (af fected and back ground) is
the same, Levene's test was used in which the p-value
sug gests that there is not a sta tis ti cally sig nif i cant dif -
fer ence amongst the stan dard de vi a tions at the 95 %
con fi dence level if p ³ 0.05.

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tion in
leaves vs. in the soil

Datasets of all the col lected 238U, 226Ra, and 210Pb
ac tiv ity con cen tra tion val ues in the soil were nor mally
dis trib uted af ter log-trans for ma tions. When di vided
into two groups com ing from an af fected and the back -
ground site, re spec tively, the soil ac tiv ity con cen tra tion
geo met ric mean (GM) val ues and ranges were
[Bqkg–1]: 404.6 (31.5-6606) and 31.8 (22.3-39.0) for
238U, 471.9 (81.0-7700) and 39.9 (38.3-43.2) for 226Ra,

and 577 (157.0-7900) and 42 (37.4-49.2) for 210Pb. The
ac tiv ity con cen tra tions in tree leaves also fol lowed
log-nor mal dis tri bu tion. At the af fected and back -
ground site, re spec tively, their GM val ues and ranges
were [Bqkg–1]: 24.0 (5.0-137.6) and 5.5 (2.7-11.7) for
238U, 23.8 (8.1-134.2) and 3.5 (2.6-4.8) for 226Ra and
53.4 (29.0-77.2) and 38.4 (27-48) for 210Pb.

When sig nif i cance of dif fer ences was tested,
only means of 210Pb could be dis tin guished be tween
back ground (39 Bqkg–1) and af fected (56 Bqkg–1)
sites (p < 0.05). The 238U and 226Ra mean ac tiv ity con -
cen tra tions, re spec tively, were higher at the af fected
(45.5 Bqkg–1 and 23.8 Bqkg–1 than at the back ground
site (6.7 Bqkg–1 and 3.5 Bqkg–1), but the dif fer ence
was not found to be sig nif i cant at the 5.0 % sig nif i -
cance level. Sta tis ti cally, none of the ac tiv ity con cen -
tra tion val ues in leaves showed to be a sig nif i cant out -
lier. It could be said that nat u ral radionuclides in clined
to be sat u rated in leaves be cause the ac tiv ity con cen -
tra tion in leaves (Cleaves) could have been fit ted well
enough by the non-lin ear func tion of con cen tra tions in 
soil (Csoil) which was ap proach ing one sat u ra tion
value  in  the  leaves  at  higher val ues for 238U (r = 0.92,  
p < 0.05, n = 8), 226Ra (r = 0.78, p < 0.01, n = 12) and
210Pb (r = 0.62, p < 0.05, n = 12).

Fur ther more, in the lower, nar row in ter val of soil 
ac tiv ity con cen tra tions of 20-350 Bqkg–1 there was
ev i dence of a sig nif i cant (p < 0.0001) lin ear re la tion -
ship: ln Cleaves = a (ln Csoil) + b in which the slope was
found to be ap prox i mately 1 for 238U (a » 1.4) and
226Ra (a » 1.1). Based on these sta tis ti cal re sults, dif -
fer ences be tween the in ves ti gated broadleaf spe cies
could not be ob served since there was a great sim i lar -
ity be tween the up take re sponses of leaves on in creas -
ing 238U, 226Ra, and 210Pb ac tiv ity con cen tra tion in
soil.

Ac tiv ity con cen tra tion in leaves
vs. soil pa ram e ters 

Datasets of soil prop erty val ues of pH, to tal Ca,
sand and silt + clay frac tions were nor mally dis trib uted 
as well. It can be seen in tab. 1 that in soil af fected by
ura nium min ing, the pre dom i nant soil par ti cle size
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Ta ble 1. Re trieved data of 238U, 226Ra, and 210Pb dry weight ac tiv ity con cen tra tion [Bqkg–1] in the sam ples of the soil and
the leaves and the mean val ues of ba sic soil prop er ties

238U [Bqkg–1] 226Ra [Bqkg–1] 210Pb [Bqkg–1] Soil
pH

Ca
[gkg–1]

Sand
(2-0.05 mm)

Silt + clay
(<0.05 mm)Soil Leaves Soil Leaves Soil Leaves

Ura nium mine [18] 64-81
1038-2200

<mdc
<mdc-5

81-113
4155-7700

8-16
19-20

157-169
4793-7900

29-75
54-56

5.8a

6.1b
2.2
2.3 79.6 9.8 10.6

Ura nium mine
re ha bil i tated [9]

52-344
6606

17-138
38-70

216-305
354

35-134
17-27

321-739
227

38-69
50-77

6.5c

4.6d
7.0
1.7 87.2* 12.8*

U-rich coal mine [15] 31.5 6.3 – – – – 4.4e – 27.3 50.2 22.5

Back ground site [19] 22-39 <mdc-12 38-43 2.6-4.8 37-49 27-48 7.8f 6.7 17.1 56.8 26.6

Note: *– Sand: 2 – 0.067 mm, Silt + clay: <0.067 mm
a – Quercus pyrenaica, Quercus ilex rotundifolia, b – Populus sp. 1 and 2, c – Eu ca lyp tus camaldulensis, Quercus suber 1, d – Quercus
suber 2, Quercus ilex, e – Eu ca lyp tus botryoides Sm, f  – Tilia spp.1, 2, 3 and A. hippocastanum 1, 2, 3



frac tion was sand (>80 %) and in the soil af fected by
ura nium-rich coal min ing and the back ground site it
was a frac tion of silt + clay (>70 %). Hence, the soil
tex ture of the in ves ti gated sam ples var ied widely from
sandy to silty clay loam. The main re sult ob tained was
a sta tis ti cally sig nif i cant ex po nen tial in crease of ac tiv -
ity con cen tra tion in leaves with per cent ages of sand
frac tions of soil for 238U (r = 0.74, p < 0.05, n = 9),
226Ra (r = 0.94, p < 0.0001, n = 13) and 210Pb (r = 0.70,
p < 0.01, n = 13), which sug gest that radionuclides
have a ten dency to be more ac cu mu lated in leaves
where there is an in crease of the coars est soil frac tion.
This re sult can be ex plained know ing that sorp -
tion-desorption pro cesses in flu ence radionuclide con -
cen tra tion in soil so lu tion and con se quently its mo bil -
ity and avail abil ity to plants [21]. One of the ways to
de scribe radionuclide in ter ac tion in soils (ac cu mu la -
tion in soil vs leach ing from soil) is the solid-liq uid dis -
tri bu tion co ef fi cient (Kd) de ter mined as the ra tio of the 
con cen tra tion of a radionuclide in the soil solid phase
to the con cen tra tion in the soil so lu tion (Lkg–1) [5, 12]. 
Con sist ing of larger grain sizes with small spe cific sur -
face ar eas, coarse tex tured soils have a low ca pac ity
for radionuclides re ten tion that may lead to their lon -
ger pres ence in the soil so lu tion. Ac cord ingly, coarse
sand (0.5-2 mm) and fine sand (0.067-0.5 mm), re -
spec tively, were the two main soil struc tural frac tions
which were found to have an ef fect on the dis tri bu tion
co ef fi cient of 238U and 226Ra in the nat u ral soil in ves ti -
gated [22], since the small est Kd val ues were ob tained
ex actly for those two frac tions of soil. Hegazy et al.
[23] also ob served sig nif i cant pos i tive cor re la tions be -
tween the ura nium con tent in guava and mango leaves
and the coarse sand frac tions of soil and re ported that
ura nium was more highly ac cu mu lated in the plants in
coastal black sand soils with a higher per cent age of
coarse sand (>65 %) than in cul ti vated in land clayey
soils.

Con cern ing the 210Pb, study by Prakash et al. [24]
of ten ver ti cal soil pro files of 0-30 cm depth (con tain ing
40-80 % par ti cles of sand) dem on strated a sig nif i cant
pos i tive cor re la tion be tween the 210Pb ac tiv ity con cen -
tra tion in soil and the per cent ages of par ti cles of sand
(2-0.02 mm), while cor re la tion co ef fi cients were found
to be stron ger in each deeper layer of soil (0-10 cm vs
10-20 cm vs 20-30 cm). It was ob served there that the

per cent age of sand par ti cles of soil was de creas ing
length wise (0-30 cm) and hence con cluded that the po -
ros ity of soil changed ac cord ing to depth along with the
num ber of micropores and their di men sions. So, the
pos i tive re la tion ship be tween 210Pb and the per cent ages 
of sand have been ex plained by the pore spaces dis tri bu -
tion in the soil. In the up per layer, with higher 210Pb ac -
tiv ity con cen tra tion and higher sand con tent, larger pore 
spaces en abled grater dif fu sion of 222Rn at oms (into and 
out of the soil sur face) which sub se quently de cayed to
210Pb. Op po sitely, in the deeper soil layer with the de -
crease of coarse soil par ti cles, 222Rn at oms stayed
blocked in the smaller pore spaces of soil which re -
sulted in lower 210Pb ac tiv ity con cen tra tion in the soil.
In the study of Girault et al. [25] (and ref er ences
therein), there were no sig nif i cant sys tem atic dif fer -
ences of the 222Rn em a na tion co ef fi cients for soils be -
tween dif fer ent soil types (clay, silt, sand, gravel and
till) (mean var ied from 0.17 to 0.24) and es pe cially be -
tween sands (with a mean 0.242) and even be tween
plants that in cluded leaves of mul ti ple broadleaf tree
spe cies (range of vari a tion 0.82-0.95). This could lead
to the con clu sion that small 210Pb ac tiv ity con cen tra tion
dif fer ences can be ex pected in the leaves of av er age
broadleaf trees (if not known to be hyperaccumulator or 
ex cluder spe cies) grown in soils of dif fer ent tex tures. In
the pres ent study, in the soils from silty clay loam to
sandy tex ture (with 64 % of sand vari a tion), the to tal
210Pb ac tiv ity in the tree leaves (27-77 Bqkg–1) var ied
only 33 %. A very sim i lar over all vari abil ity was noted
for the 210Pb ac tiv ity con cen tra tion (35 %) in the sam -
ples of leaves of oak (Quercus robur) grown in the en vi -
ron ment in flu enced by the waste dis posal from the alu -
minium in dus try and the sam ples of leaves of the same
spe cies out side of its in flu ence [26].

Transfer factor vs soil ac tiv ity con cen tra tion

Shapiro-Wilk's test of nor mal ity of a given TF val -
ues datasets for 238U, 226Ra, and 210Pb re vealed a nor mal
fre quency dis tri bu tion. The re sults of the ex am i na tion of
whether there were any sig nif i cant dif fer ences  be tween 
radionuclides TF val ues from the af fected and back -
ground site are pre sented in tab. 2. The 238U and 226Ra TF 
means of 0.156 and 0.125, re spec tively, from af fected
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Ta ble 2. ANOVA ta ble for soil-to-leaves TF val ues for broadleaf spe cies

Pa ram e ter

TF 238U TF 226Ra TF 210Pb

Bqkg–1 per Bqkg–1 of dry weight

Af fected (n = 6) Back ground (n = 4) Af fected (n = 8) Back ground (n = 6) Af fected (n = 8) Back ground (n = 6)

Min i mum 0.0002 0.121 0.0026 0.068 0.0071 0.658

Max i mum 0.4 0.316 0.44 0.111 0.478 1.283

AM (ASD) 0.156 (0.177) 0.203 (0.089) 0.125 (0.145) 0.088 (0.015) 0.180 (0.163) 0.931 (0.222)

GM (GSD) 0.026 (0.050) 0.189 (0.644) 0.051 (0.165) 0.089 (0.846) 0.093 (0.214) 0.909 (0.789)

F-ra tio (p-value) 0.23 (p > 0.05) 0.39 (p > 0.05) 53.73 (p < 0.0001)

Levene's test
(p-value) 3.06 (p > 0.05) 2.88 (p > 0.05) 0.60 (p > 0.05)



sites mod i fied by ura nium pres ence could not be dis tin -
guished from that of 0.203 and 0.088, re spec tively, at the
back ground site, tab. 2. When com par ing ura nium
plant-soil con cen tra tion ra tios be tween sites un con tam i -
nated and con tam i nated by ura nium, some dif fer ences
for the de cid u ous trees and shrubs leaves were ob served,
but were not sig nif i cantly dif fer ent ei ther [5]. Ranges of
226Ra TF val ues, from the pres ent study, of 0.0026-0.44
at the af fected site and 0.068-0.111 at the back ground
site, could be com pared with that ob tained for the tree
leaves (Quercus robur, Castanea sativa, Tilia
×europaea, Quercus ilex) col lected ex clu sively at the
back ground sites: 0.071-0.231 of gra nitic and meta mor -
phic or i gin and 0.0022-0.137 of cal car e ous and sed i men -
tary or i gin at sites char ac ter ized as not con tam i nated
sandy soils [25].

In the pres ent study, only the mean 210Pb TF
value was found to be sig nif i cantly dif fer ent at the
back ground site (0.931) com pared to the af fected site
(0.180) which im plies that trans fer was higher in the
soils of silty clay loam then that of sandy tex ture. As
sug gested by Tagami and Uchida [14], soil-to-tree
leaves TF val ues can be eval u ated us ing TF val ues for
leafy veg e ta bles. The TF data for the same ge nus of
trees would be pref er a ble to use since dif fer ences in
the leaves of the same ge nus are smaller, how ever, data 
for leafy veg e ta bles might be used for the tree leaves
since the func tion of leaves is the same amongst plants. 
TF val ues of U, Ra, and Pb, ac cord ing to the soil group
and their arith me tic mean (AM) val ues, [12] were used 
here for com par i son. The 238U TF AM of 0.175, in this
study, was found to be com pa ra ble (same or der of
mag ni tude) to the AM of 0.221 for leafy veg e ta bles
given for all types of soil and 226Ra TF mean of 0.109
with the AM value of 0.161 was given for the Loam
group of soils (no data for Sand soils). Also, the lower
210Pb TF AM value of 0.078 for sand soils and higher
of 0.817 for loam soils for leafy veg e ta bles were found 
to be anal o gous to the AM val ues of 0.180, in this
study at the site with sandy tex ture (af fected) and of
0.931 at the site with loamy tex ture (back ground), tab.
2. The or i gin of the dif fer ences be tween 210Pb
soil-to-leaves TF ap pears to be more as so ci ated to the
soil type i. e., its tex ture, then to the type of broadleaf
tree spe cies in the wide range of ac tiv ity con cen tra -
tions in the soil (101-103 Bqkg–1).

Pre dic tion of soil-to-leaves
transfer factor by soil pa ram e ters

Fur ther anal y sis was done af ter ex clud ing the
soil-to-leaves TF value for Eu ca lyp tus camaldulensis
as a sta tis ti cally sig nif i cant out lier for 226Ra (0.44) and
238U (0.4), but not in the case of 210Pb (0.093). The up -
take of el e ments by Eu ca lyp tus camaldulensis is con -
sid er ably high be cause it is a tree spe cies well known
for de vel op ing a deep root sys tem ca pa ble of ac cu mu -

lat ing con sid er able lev els of met als and with a high
abil ity for their translocation from roots to the above -
ground parts of the tree [15]. At a ura nium mill tail ings
site, the me dian TF value of Eucalyptus sp. leaves was
found to be higher for 226Ra (0.032) com pared to 210Pb
(0.0087) [6] and this def i cit of 210Pb in the leaves is
most likely due to lower mo bil ity and trans fer of 210Pb
from the sub strate to the roots and from the sub strate to 
the leaves when com pared to 226Ra.

In or der to ex am ine first to what ex tent
soil-to-leaves TF val ues de pend on the ac tiv ity con cen -
tra tion in soil, due to log-nor mal dis tri bu tions of ac tiv ity 
con cen tra tions in the soil, the TF val ues were log-trans -
formed be fore the re gres sion. Log a rithms of TF val ues
could be fit ted well by log-ac tiv ity con cen tra tions of
soil (p < 0.01 or higher) for 238U (R2 = 67.0 %, F-ra tio =
=.14.24), 226Ra (R2 = 75.2 %, F-ra tio = 33.42), and
210Pb (R2 = 96.9 %, F-ra tio = 372.46), tab. 3.  This  in di -
cated  that more than 65 % of U, Ra, and Pb TF vari a -
tions might be ex plained only by the de creas ing trend of 
cor re spond ing ac tiv ity con cen tra tion in the soil, re gard -
less of bi o log i cal dif fer ences be tween broadleaf spe -
cies. That the soil con cen tra tion is one of the main fac -
tors caus ing TF vari a tion (and de crease) is also shown
for ura nium and lead TF for the parts of the tree (leaf,
nee dle, root), at two bo real for est sites [11]. Sim i larly,
Noskova et al. [27] re ported that for the above ground
plant parts of Sorbus aucuparia and Betula pubescens
trees 238U up take de vi ated less from the men tioned de -
creas ing trend com pared to 226Ra be cause ra dium up -
take by plants might be more sen si tive to changes in the
physicochemical char ac ter is tics of soil.

It was ex am ined whether the re sults would be im -
proved if one more pre dic tor (i. e., the known soil pa ram -
e ter) in ad di tion to the soil ac tiv ity con cen tra tion was in -
cluded in the anal y sis. The sim plest sta tis ti cally
sig nif i cant model showed to be the one which in cluded
soil ac tiv ity con cen tra tion and the per cent age of sand
frac tion of the soil, tab. 3. Sand per cent age (which var ied
from 7.4 % to 91 %) could be an im por tant pre dic tor be -
cause nat u ral radionuclides TF val ues are as so ci ated
with the soil tex ture (per cent pro por tion of sand, silt and
clay) given that the high est soil-to-plant TF val ues were
found in coarse tex tured soils and the low est in fine tex -
tured soils [12]. Based on the F-ra tio and R2 val ues, tab.
3, now more than 90 % of TF vari a tions have been ex -
plained  for  238U (R2 = 93.7  %,  F-ra tio = 37.45), 226Ra
(R2 = 97.8 %, F-ra tio = 200.51), and 210Pb (R2 = 98.3 %,
F-ra tio = 290.48). The fit of the data was better if the TF
value of Quercus pyrenaica for 226Ra and 210Pb and of
Populus sp. 2 in the case of 238U was ex cluded. The sand
per cent age co ef fi cient es ti mate was more sig nif i cant in
the  case  of  226Ra  TF (p < 0.001)  com pared to the 238U
(p < 0.1) and 210Pb TF (p < 0.1). In con clu sion, in the case 
of 210Pb, the site-spe cific per cent age of sand is prob a bly
not an im por tant pre dic tor since its ad di tion only im -
proved re gres sion re sults by ~1 % and the F-ra tio value
de creased (from 372 to 290). 
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Fi nally, mul ti ple lin ear re gres sion was done for
238U, 226Ra, and 210Pb TF if all known pre dic tors (soil
pa ram e ters) were in cluded in the anal y sis be sides the
soil ac tiv ity con cen tra tions. These re sults are pre -
sented in tab. 3. In the case of 238U TF, the co ef fi cient
es ti mates of silt + clay frac tion, the pH and the to tal Ca
in soil were sig nif i cant (p < 0.01) and their in clu sion
con sid er ably im proved re gres sion re sults (R2 = 99.45
%, F-ra tio = 136.74). In the case of 226Ra TF, the pH (p
< 0.01) and the to tal soil Ca (p < 0.05) were sig nif i cant
pre dic tors, but grain size showed to be not im por tant at 
all, while ac cord ing to the F-ra tio the re gres sion qual -
ity de creased to a great ex tent (from 200.51 to 35.15).
Al-Masri et al. [21] re ported that lower TF val ues of
226Ra then the 238U from soil to the leaves of co ri an der
and pars ley were prob a bly a re sult of the chem i cal
sim i lar ity be tween Ca and 226Ra that com pete for the
same ab sorp tion sites in the plants. The in flu ence of
Ca con tent in soil is well known be cause 238U and
226Ra con cen tra tions in soil so lu tions and their avail -
abil ity to plants may be en hanced if ex change able Ca
con cen tra tion lev els in soil so lu tions are low, which is
why a neg a tive re la tion ship should be ex pected, but
here the re la tion ship was pos i tive. Soil Ca level was
ac tu ally lower at the af fected site (~3 gkg–1) com pared
to the back ground site (~7 gkg–1). In con trast, the GM
ac tiv ity con cen tra tions in leaves for 238U and 226Ra

were higher at the af fected (24.0 Bqkg–1 and 23.8
Bqkg–1) com pared to the back ground site (5.5 Bqkg–1

and 3.5 Bqkg–1), but this re la tion ship could n't be re -
flected on TF dis tri bu tions. Con cern ing grain size in
this study, it could be ob served that the per cent age of
silt + clay has been an im por tant pre dic tor of 238U TF
due to the sig nif i cant and pos i tive re la tion be tween
them (p < 0.01) and in the case of 226Ra TF it was the
per cent age of sand (p < 0.001), as men tioned be fore.
This is in agree ment with the study of Blanco
Rodriguez et al. [10] who stated that the lin ear ity as -
sump tion may be con sid ered valid and that ura nium
soil-to-plant TF showed to be con stant and in de pend -
ent of the sub strate con cen tra tion if the fines and clays
frac tion (<0.067 mm) was used as the sub strate in stead 
of the bulk soil, and the same was valid in the case of
ra dium when the coarse sand frac tion (0.5-2 mm)
played the role of sub strate.

Re gard ing the ra dio iso tope of lead, when all
avail able pa ram e ters were in cluded in the re gres sion,
210Pb TF was not found to be sta tis ti cally re lated to its
soil con cen tra tions, but to the ac tiv ity con cen tra tions of
its pre cur sor in soil, 226Ra and the pa ram e ters that in flu -
enced 226Ra trans fer to the leaves (pH and to tal soil Ca),
in clud ing silt + clay per cent age, tab. 3. The re la tion be -
tween 210Pb TF and 226Ra ac tiv ity con cen tra tion in soil
may be ex plained if at mo spheric de po si tion is con sid -
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Ta ble 3. Re sults of sim ple and mul ti ple lin ear re gres sion

Xi
$b R2

(R2*)
F-ra tio

(p – value)

ln (TF 238U)
(n = 9)à

ln (238Usoil)
Const.

 –0.8207**

   1.1386   
± 0.1127
± 0.2175

67.046
(62.338)

14.24
(0.01)

ln (TF 238U)
(n = 8)àº

ln (238Usoil)
Sand (%)
Const.

 –0.7730***

   0.0148    
   0.6715    

± 0.1127
± 0.0073
± 0.3904

93.7418
(91.2386)

37.45
(0.001)

ln (TF 238U)
(n = 8)àx

ln (238Usoil)
Silt+clay (%)
pH
Ca (gkg–1)
Const.

 –1.8285**

   0.0790**

 –4.4713**

   0.4815**

 30.0528**

± 0.1674
± 0.0087
± 0.3664
± 0.0537
± 2.9378

99.4545
(98.7272)

136.74
(0.001)

In (TF 226Ra)
(n = 13)à

ln (226Rasoil)
Const.

 –0.6176***

   0.0258    
± 0.1068
± 0.5703

75.238
(72.987)

33.42
(0.000)

ln (TF 226Ra)
(n = 12)àð

ln (226Rasoil)
Sand (%)
Const.

 –0.9678***

   0.0258***

   0.6877** 

± 0.0506
± 0.0027
± 0.1957

97.805
(97.3172)

200.51
(0.000)

ln (TF 226Ra)
(n = 13)àð

ln (226Rasoil)
pH
Ca (gkg–1)
Const.

 –0.7776***

 –0.6067**

   0.1065*

   4.5575**  

± 0.0832
± 0.1382
± 0.0434
± 1.1232

92.1367
(89.5156)

35.15
(0.000)

ln (TF 210Pb)
(n = 14)

ln (210Pbsoil)
Const.

 –0.9153***

   3.3941***
± 0.0474
± 0.2611

96.8788
(96.6187)

372.46
(0.000)

ln (TF 210Pb)
(n = 13)ð

ln (210Pbsoil)
Sand (%)
Const.

 –1.0064***

   0.0063
   3.5722***

± 0.0565
± 0.0029
± 0.2204

98.3079
(97.9694)

290.48
(0.000)

ln (TF 210Pb)
(n = 14)

ln (226Rasoil)
Silt+clay (%)
pH
Ca (gkg–1)
Const.

 –0.8091***

   0.0308***

 –1.0170***

   0.1076** 
   7.5800***

± 0.0577
± 0.0058
± 0.1763
± 0.0315
± 0.8395

98.4851
(97.8118)

146.28
(0.000)

With out mark p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001
TF val ues ex cluded in the re gres sion: à – E. camaldulensis, º – Populus sp. 2, ´ – E. botryoides Sm., ð – Q. pyrenaica



ered as the main path way of 210Pb up take in the leaves
since the frac tions of ra don 222Rn (de cay prod uct of
226Ra) em a nated from soil are known to be dom i nant
source of 210Pb in the air [2, 28]. It is known that the ra -
don em a na tion co ef fi cient is pro por tional di rectly to the 
226Ra con cen tra tions in soil and in versely to the soil
grain size, and if grain size de creases (in creas ing the
par ti cles spe cific sur face area) ra don em a na tion rate in -
creases [29]. This may ex plain higher (and above 1)
soil-to-leaves 210Pb TF val ues at the back ground site
where in ves ti gated soil sam ples con tained the high est
per cent ages of clay frac tion (<0.002 mm), from 22 % to
32 %. It was re ported that the clay con tent in flu enced
the Pb iso tope trans fer from soil into the na tive bo real
plant spe cies and ac tu ally en hanced the up take of Pb,
but this op po site ef fect was dif fi cult to ex plain [17]. The 
ra don flux into the at mo sphere is a com plex func tion of
226Ra con tent, char ac ter is tics of soil (min eral grain size, 
po ros ity, wa ter con tent) and me te o ro log i cal con di tions
[29]. In ad di tion, the dif fer ent mor pho log i cal char ac ter -
is tics of leaves such as leaf sur face area, leaf struc ture
(rough ness or smooth ness) and the trap ping of aero sols
in a dif fer ent man ner by the leaf sur faces could be re -
flected in 210Pb ac tiv ity vari a tions in leaves [30] and its
TF. A pos i tive re la tion ship be tween 210Pb TF and silt +
clay per cent age may also be ex plained know ing that the 
num ber of blocked 222Rn at oms in the pore spaces of
soil is pro por tional to the per cent age of finer par ti cles of 
soil, as pre vi ously men tioned. It could be as sumed that,
apart from the at mo spheric de po si tion of 210Pb on the
leaf sur faces, there is an im por tant trans port path way
within the tree that should be taken into ac count since it
is re cog nised that plant roots take up ra don gas from
soils and that 222Rn (and 226Ra) can be ex tracted from
soil via the tran spi ra tion stream of the trees [31].

Transfer factor val ues ver i fi ca tion

All the ob tained re la tion ships pre sented in the tab.
3 im plied that ac tiv ity con cen tra tions in tree leaves
(Cleaves) are a non-lin ear func tion of ac tiv ity con cen tra -
tions in the soil (Csoil) of the type: Cleaves = a Csoil 

b with
pa ram e ter val ues a > 0 and 1 < b < 1. This is a reg u larly
ob served power func tion that re flects the non-lin ear ity in
the soil to plant trans fer of the es sen tial and non-es sen tial
el e ments [11, 13, 25, 27]. To ex trap o late these ob tained
re sults, it was ex am ined whether the con cen tra tion in
leaves would be zero when the con cen tra tion in  the  soil 
is  zero. This was cor rect (Csoil = 0 Þ Cleaves = 0) for all the 
re la tion ships from the tab. 3, ex cept the one for 238U TF
pre dicted by pH, soil Ca and silt + clay per cent age which
should n't be used for the soil con cen tra tions lower then
~1 Bqkg–1, mean ing that more data are needed to im -
prove the re gres sion co ef fi cient es ti mates. Re gres sion
re sults for 238U, 226Ra, and 210Pb soil-to-leaves TF of the
in ves ti gated broadleaf trees which ex plained more than
97 % of their vari a tions are il lus trated in fig. 1.

In this sec tion, the soil-to-leaves TF val ues from
the lit er a ture and those pre dicted in this study were
com pared. When us ing a num ber of pre dic tor vari ables, 
re gres sion re sults might re flect in ter re la tion ships of the
in cluded pa ram e ters among each other [20] which is
why sim pler mod els are prob a bly more suit able. This
also ex plains why 238U and 226Ra TF val ues were cal cu -
lated in the first ap prox i ma tion us ing their ac tiv ity con -
cen tra tion in the soil and the per cent age of sand frac tion
of soil (the co ef fi cients are given in tab. 3). It was noted
that dif fer ences be tween re ported and cal cu lated val ues
of about 2 % to 30 % were within the range of un cer -
tainty of TF val ues de ter mi na tion.

Us ing val ues for coarse sand (73.8-82.2 %) from
[23], there was an agree ment be tween the TF val ues re -
ported and those pre dicted in this study, re spec tively:
0.18  vs.  0.20  (for 81.86 Bqkg–1 238Usoil) and 0.97 vs.
1.00 (for  9.75  Bqkg–1  238Usoil)  for  mango  leaves  at 
two  dif fer ent  sites and for guava leaves: 0.19 vs. 0.20
(for  86.79 Bqkg–1  238Usoil)  and  0.19  vs. 0.12 (25.66 %
of  sand  and  60.88  Bqkg–1  238Usoil).  Sim i larly,  226Ra TF 
val ues for the leaves of woody spe cies, used as me dic i nal 
plants [32],  grown in  the  soil with the mean value of
56.7 % frac tion of sand were com pared with the val ues
pre dicted in this study: 0.25 vs. 0.31 (for 30.8 Bqkg–1

226Rasoil)  for   Fagus  sylvatica  L.;  0.52 vs.  0.54  (for
17.3 Bqkg–1 226Rasoil) for Pru nus spinosa L. and 0.522
vs. 0.41 (for 23 Bqkg–1 226Rasoil) for Sambucus nigra L.
There was also an agree ment for 226Ra TF for shrubs
Atriplex halimus (0.33 vs. 0.25) and Atriplex Leucoclada
Bioss (0.27 vs. 0.25) at the back ground site (51.57 % of
sand and 33 Bqkg–1 226Rasoil) [33]. How ever, dis crep -
ancy (one or der of mag ni tude dif fer ence) was found for
the same spe cies grown in the soil re cently highly con -
tam i nated by 226Ra (~15×103 Bqkg–1) [33]. In the case of
210Pb, TF val ues are cal cu lated us ing only its ac tiv ity
con cen tra tions in the soil (the co ef fi cients are given in
tab. 3). For the leaves of Quercus robur grown at the site
af fected  by alu minium  in dus try  (us ing mean  val ues
32.2 Bqkg–1  210Pbsoil and 42.2 Bqkg–1 210Pbleaves), con -
sis tence is found be tween 210Pb TF value of 1.30 for oak
leaves [26] and the value of 1.24 cal cu lated in this study.
Mod er ate agree ment is found be tween the pre dicted and
re ported 210Pb TF val ues for the leaves of woody spe cies
used as me dic i nal plants in In dia: 0.7 vs. 0.89 (for 46.1
Bqkg–1 210Pbsoil) for Justica adhatoda and 1 vs. 0.72 (for
58.5 Bqkg–1 210Pbsoil) for Calycopteris floribunda [30].
There was no con sis tency for 210Pb TF for the leaves of
eu ca lyp tus (0.005 vs. 0.025 for 13800 Bqkg–1 210PbUMT)
[6] and syc a more ma ple (0.008 vs. 0.023 for 7610
Bqkg–1 210PbUMT) [7] trees grown at ura nium mill tail -
ings (UMT). The re sults of com par i son be tween TF val -
ues in di cate that cur rent cal cu la tions can not be used for
the sub strates dif fer ent from soil (such as tail ings) and
highly con tam i nated soil which sig nif i cantly de vi ate
from the radionuclides “steady state” be tween the soil
and the trees.
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CON CLU SION

Soil-to-leaves TF val ues for 238U, 226Ra, and 210Pb
of dif fer ent broadleaf tree spe cies were col lected from
the lit er a ture from a few stud ies per formed at sites af -
fected by ura nium pres ence and at the back ground site.
The range of over all TF val ues was: 0.0002-0.4  for  238U  
(n = 10),  0.0026-0.44 for 226Ra (n = 14) and 0.007-1.283
for 210Pb (n = 14). When sig nif i cant dif fer ences were
tested, TF of 238U and 226Ra, re spec tively, of 0.156 and
0.125 from af fected sites could n't be dis tin guished from
that of 0.203 and 0.088 at the back ground site at the 95 %
con fi dence level. Only mean 210Pb TF of 0.931 was

found to be sig nif i cantly higher at the back ground site
com pared to the value of 0.180 at the af fected site. There
was a great sim i lar ity be tween up take re sponses of the
leaves on in creas ing ac tiv ity con cen tra tion in the soil
(from ~20 Bqkg–1 to ~8000 Bqkg–1), so that bi o log i cal
dif fer ences be tween in ves ti gated broadleaf spe cies could 
not be ob served. The anal y sis in di cated that 238U, 226Ra
and 210Pb ac tiv ity con cen tra tions and ba sic soil pa ram e -
ters (soil pH, to tal Ca, sand and silt + clay per cent ages)
had the main im pact on nat u ral radionuclides TF val ues
from soil to tree leaves. All the in ves ti gated broadleaf
trees could be con sid ered as an av er age spe cies ex cept
Eu ca lyp tus camaldulensis whose soil-to-leaves TF value 
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Fig ure 1. The pre dicted TF val ues (TFpre dicted) vs mea sured TF val ues (TFmea sured) for 238U, 226Ra, and 210Pb from soil to the
leaves of the ex am ined broadleaf tree spe cies



was a sta tis ti cally sig nif i cant out lier (p < 0.05) for 226Ra
(0.44) and 238U (0.4), but not in the case of 210Pb (0.093).
It was con cluded that the ex pected TF val ues for av er age
broadleaf tree could be cal cu lated in the first ap prox i ma -
tion for 238U and 226Ra us ing their ac tiv ity con cen tra tion
in the soil and the per cent age of sand frac tion of soil, as
well as in the case of 210Pb us ing only its ac tiv ity con cen -
tra tion in the soil.
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Ivana @. VUKA[INOVI]

ANALIZA  TRANS FER  FAKTORA  238U,  226Ra  I  210Pb  IZ  ZEMQI[TA
U  LI[]E  [IROKOLISNIH  VRSTA  DRVE]A

Analiza trans fer faktora 238U, 226Ra i 210Pb iz zemqi{ta u li{}e razli~itih vrsta
{irokolisnih stabala zate~enih, sa jedne strane, na lokacijama prethodno modifikovanim
prisustvom uranijuma i, sa druge strane, na mestu osnovnog nivoa prirodnog gama zra~ewa, ura|ena
je kori{}ewem dostupnih podataka preuzetih iz nekoliko studija iz lit er a ture. [irokolisne
vrste drve}a Quercus ilex, Quercus suber, Eu ca lyp tus camaldulensis, Quercus pyrenaica, Quercus ilex
rotundifolia, Populus sp. i Eu ca lyp tus botryoides Sm. sa modifikovanih lokacija i Tilia spp. i Aesculus
hippocastanum L. na mestu osnovnog gama zra~ewa analizirane su zajedno bez obzira na listopadno
ili zimzeleno poreklo wihovih listova. Podaci o osnovnim parametrima zemqi{ta, odnosno
vrednosti pH, ukupnog sadr`aja Ca [gkg–1], frakcije peska [%] i sume frakcija praha i gline [%]
bili su tako|e dostupni u citiranim radovima. Prikupqeni podaci o koncentracijama aktivnosti
[Bqkg–1] suve mase koje su se kretale u zemqi{tu u intervalu (n = 14): 22-6606 za 238U, 38-7700 za 226Ra i 
37-7500 za 210Pb i u uzorcima li{}a u intrevalu: 2.7-137.6 za 238U (n = 10), 2.6-134.2 za 226Ra (n = 14) i
27-77.2 za 210Pb (n = 14) ukazivali su da prate normalnu raspodelu nakon logaritamske
transformacije. Studija je sprovedena pod hipotezom da biolo{ke razlike izme|u razli~itih
vrsta {irokolisnog drve}a imaju mawi uticaj na vrednosti trans fer faktora u pore|ewu sa
uticajem osnovnih parametara zemqi{ta i koncentracija aktivnosti u zemqi{tu, ispitivanih
prirodnih radionuklida. Shodno tome, ispitano je da li se 238U, 226Ra i 210Pb vrednosti trans fer
faktora iz zemqi{ta u li{}e prose~ne {irokolisne vrste mogu predvideti statisti~ki u prvoj
aproksimaciji na osnovu specifi~ne aktivnosti datog radionuklida u zemqi{tu i najmawe jednog
osnovnog parametra zemqi{ta kori{}ewem vi{estruke linearne regresije.

Kqu~ne re~i: prirodni radionuklid, trans fer faktor zemqi{te-li{}e, upijawe korenom, 
......................... folijarno upijawe


