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Abstract
The research was done to evaluate the different-aged Lime trees (Tilia x vulgaris H.) supply with macronutrients
on Riga streets (Latvia). The concentrations of 6 macronutrients (N, P, K, Ca, Mg and S) were estimated in the Lime
leaf and soil samples collected from 15 objects (47 individual trees) in Riga during August of 2007. Along with the
chemical analysis, a bioindication research was done to diagnose the physiological status of trees. The results revealed
that the status of young street trees could be characterized as slightly damaged and damaged for old trees, in general.
There was no close correlation between the concentration of element in the soil and lime leaves. Both in the soil and
leaf samples the highest element concentration variance was stated for metals Ca and Mg, but the lowest  for nonmetals
S and N. Statistically significant differences were found for N, Mg, S in soil samples, and K, P, and S in leaf samples
between the young and old lime trees (plantings as greenery). The main factors affecting negative T. x vulgaris mineral
nutrition were very low supply with N, S, K, and elevate concentrations of P, Ca, Mg. Low concentrations of S, K, as
well as Mg, P were stated in leaves. Well visible K deficiency symptoms in young tree leaves were observed.
Key words: lime trees, macronutrient imbalance, leaf analysis, soil analysis

Introduction
Trees have many functions and positive effect on
surrounding environment not only in forest, but also
in urban area (Novak et al. 2006). Unfortunately, street
trees commonly are subjected by many negative factors, such as application of de-icing materials on roads
during winter, soil and air pollution, as well as inadequate supply with biogenous elements etc. (Craul 1992;
Pauleit et al. 2002; S¿b¸ et al. 2003). One of the most
widespread tree species of street greenery in Central,
Northern (S¿b¸ et al. 2003) and Eastern Europe (Sander
et al. 2003), int. al., Riga (Latvia) is lime tree Tilia x
vulgaris H., known also as T. x europea L., T. intermedia DC., T. x hollandica K. Koch. (Bengtsson 2005).
Investigations have shown a vast range of optimal and
average concentrations of nutrients in Tilia spp.
(Bergmann 1988, Kopinga and van den Burg 1995,
Insley et al. 1981, Nollendorfs 2003, Èekstere et al.
2005). According to Hagen-Thorn (2004) and Mertens
et al. (2007) there are differences in nutrient accumulation between plant species growing in the same soils,
as well as differences due to regional variations, sampling time, pollution etc. Results of different urban soil
studies are also difficult to compare due to differences in soil extraction. Thereby, nutrient supply for the
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young and old T. x vulgaris in the street greenery
based on soil and plant chemical analysis has not been
investigated sufficiently. Our previous work on chestnut and lime in Riga showed a severe imbalance in the
mineral nutrition of old urban trees (Èekstere et al.
2005) and toxic effect of NaCl (Èekstere et al. 2007,
Cekstere et al. 2008). It is a topical issue as street
greenery is a relevant element of urban environment
and an inadequate supply with biogenous elements can
cause disturbances in different plant physiological
processes, decreases tree tolerance to unfavourable
factors, therefore influences greenery environmental
functions. The aim of this investigation was to compare the macronutrient status in the different-aged trees
on Riga streets and reveal the effect of element supply on the vitality of street trees T. x vulgaris.

Materials and methods
Study area. The study was conducted in Riga,
which is situated along the Baltic Sea at the southern
part of the Gulf of Riga in the boreo-nemoral zone. The
climate of the city is moderately warm and humid. The
mean annual amount of precipitation is 700-720 mm.
Winters are relatively warm with frequent thaws, the
average temperature in January is - 4.7 oC. Summers are
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relatively cloudy and cool. The average temperature
in July is +16.9 oC. (Anonymous 2005). The central part
of Riga with high building density and canyon streets
has high level of air pollution - currently are exceeded air quality limit values and target values for NO 2
and PM10 due to intensive traffic (Kleperis 2007,
Kleperis 2008). In Riga, parks, gardens, squares and
other greenery form 8% of the centre of city (Nikodemus et al. 2003).
Sampling. Soil and leaf samples were collected from
21 young street trees (7 objects, to ~15-year-old trees)
and 26-year-old street trees (8 objects, to ~100-year-old
trees) with different physiological status in Rigas centre at the end of August 2007 (Fig. 1). Each object consisted of 3-4 neighbouring trees located up to 3 m from
the edge of the road with intensive traffic. Soil samples
(obtained from three sub-samples) were collected from
a tree-rooting zone (roadside) to a depth of 35 cm. For
each plant sample 50 leaves (just reaching maturity and
full size) were collected from 5-7 different branches of
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Figure 1. Studied object location in the central part of Riga.
( l young street trees: 1  Stabu; 2  Terbatas 1; 3  Terbatas 2; 4  Raina 1; 5  Raina 2; 6  Kr. Valdemara 1; 7  Kr.
Valdemara 2; n old street trees: 1  Hanzas 1; 2  Hanzas
2; 3  Elizabetes; 4  Kr. Valdemara; 5  Stabu 1; 6  Stabu
2; 7  Basteja 1; 8  Basteja 2.)

Youn g street trees
Object number
an d street

Sta tu s of tree s*

trees along roadsides. Along with leaf sampling an assessment of the physiological status of the street trees
was done (Table 1) based on the intensity of leaf damages and crown defoliation (UN/ECE 1994). Samples of
wood were collected with a Presler drill at 1.3 m high
and tree rings were counted for each tree using a special apparatus LINTAB 4 and a computer program TSAPWIN to determine their age.
Laboratory analysis. The soil samples were dried
at +35o C and sieved < 2 mm. To determine the plant
available amounts of 6 macroelements (N, P, K, Ca, Mg,
S) the soil samples were extracted with 1 M HCl solution (1:5). Soil reaction was estimated in 1 M KCl
(1:2.5). The leaf samples were washed with distilled
water, dried at +60 o C, ground, then dry-ashed in concentrated HNO3 vapor, re-dissolved in HCl solution
(HCl  distilled water mixture 3:100). The levels of Ca
and Mg were determined by atomic absorption spectrophotometer (Perkin Elmer AAnalyst 700), those of
N and P by colorimetry, S by turbidimetry, K by flame
photometer (JENWAY PFPJ) in all soil and plant samples, as well as soil pH - potentiometrically by pHmetr
Sartorius PB-20 (Ðèíüêèñ è äð. 1987).
Statistical analysis. t-Test Two-Sample Assuming Unequal Variances (p<0.05) was used to compare
the mean element concentrations in the young and old
street trees. Correlation coefficients and significance
of element concentration variance were found using
Excel 2003. Ordination with principal component analysis (PCA, varimax rotated solution) of results was
done using PC-ord4.

Results and discussion
A vast range of optimal and average concentrations of nutrients (Table 2) have been found in different studies on Tilia spp. (Insley et al. 1981, Bergmann

Old s tre et trees
Object n umber
and street

Sta tus of tree s*

1. Stabu street

2-hea lthy; 1 -medium d amag ed

1. Ha nzas street 1

3-da ma ged

2. Terbatas stre et 1

1-sligh tly damag ed; 2-hea lthy

2. Ha nzas street 2

3- medium da ma ged

3. Terbatas stre eet 2

1-hea lthy; 1 - slightly dama ged ;

3. Eliza betes street

3-da ma ged , 1-hea lthy

1- me di um damaged

4. Kr.Val dema ra

3-medium da ma ged

1-hea lthy; 1 - medium

street

4. Raina b lvd . 1
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damaged; 1-damaged

5. Stabu street 1

2-medium da ma ged ;1-

5. Raina blvd. 2

3- slightly dama ged

6. Stabu stree t 2

da ma ged

6. Kr. Valde mara

2– sli ghtly damaged; 1-

stre et 1

damaged

7. Basteja bl vd. 1

da ma ged ; 2-da ma ged

7. Kr. Valde mara

3- slightly dama ged

8. Basteja bl vd. 2

3-he althy

Table 1. Description of studied objects in Riga

1-sl ig htly da ma ged ; 1-medium

3-da ma ged

stre et 2

* healthy - no visible leaf necrosis, 0-10 % crown defoliation; slightly damaged - 1-5
% intensity of leaf necrosis, 11-25 % crown defoliation; medium damaged - 6-20 %
intensity of leaf necrosis, 26-40 % crown defoliation; damaged - >21 % intensity of
leaf necrosis, >41 % crown defoliation.
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Reference

N

P

K

Ca

Mg

S

Bergmann 1988 - optimal

2.3-2.8

0.15-0.30

1.00-1.50

0.20-1.20

0.15-0.30

-

Kopinga & van den Burg 1995 optimal

>2.80

>0.20

>1.50

-

>0.28

-

2.77-3.08

0.21-0.27

1.00-1.21

2.09-3.33

0.31-0.34

-

1.76-2.07

0.25-0.34

0.63-1.25

1.33-1.86

0.38-0.46

0.12-0.17

1988, Kopinga and van den Burg 1995, Nollendorfs
2003, Èekstere et al. 2005). Our study revealed mainly
slightly damaged physiological status of young trees
and damaged status for old limes in Riga during August of 2007 (Table 1). To characterize the street trees
supply with macronutrients in Riga, mean element concentrations in each object, as well as average level
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Figure 2. Mean concentration of elements (mg/kg) and pHKCl in soil samples of young (A) and old (B) street trees in
Riga during August of 2007. (Young street trees: 1  Stabu;
2  Terbatas 1; 3  Terbatas 2; 4  Raina 1; 5  Raina 2; 6
 Kr. Valdemara 1; 7  Kr. Valdemara 2; old street trees: 1
 Hanzas 1; 2  Hanzas 2; 3  Elizabetes; 4  Kr. Valdemara; 5  Stabu 1; 6  Stabu 2; 7  Basteja 1; 8  Basteja 2;
means from 3-4 samples, ± SE.)
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found in the young and old trees, are given in Figs. 2
and 3. There was no close correlation (p>0.05) between
the concentration of element in the soil and lime leaves.
The lowest element concentration variance in soil and
leaf samples was stated for nonmetals S and N (7.853.3 mg/kg S, 21.0-83.0 mg/kg N in soil; 0.05-0.41 % S,
1.40-2.90 % N in leaves), but the highest  for metals

N, %

Insley et al. 1981  average
Nollendorfs 2003;
Èekstere et al. 2005 - average

Ca, %

Table 2. Optimal and
average concentrations of
macronutrients (%) in
Tilia spp. leaves

5

0,1
0

Figure 3. Mean concentration of elements (%) in lime leaf
samples of young (A) and old (B) street trees in Riga during
August of 2007. Young street trees: 1  Stabu; 2  Terbatas
1; 3  Terbatas 2; 4  Raina 1; 5  Raina 2; 6  Kr. Valdemara 1; 7  Kr. Valdemara 2; old street trees: 1  Hanzas 1;
2  Hanzas 2; 3  Elizabetes; 4  Kr. Valdemara; 5  Stabu
1; 6  Stabu 2; 7  Basteja 1; 8  Basteja 2; means from 34 samples, ± SE.)
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Ca and Mg (5425-24936 mg/kg Ca, 908-9466 mg/kg Mg
in soil; 0.72-2.98% Ca, 0.12-0.70% Mg in leaves).
The research showed low levels of N and S in the
vast majority of the analysed soils. S and N as anions
are more leachable from soil. In highly industrialized
areas S requirement of plants is often met to a substantial degree by atmospheric SO 2 pollution. During
the last decades industrial SO 2 emissions have been
drastically decreased in Western and Northern Europe,
int. al. Latvia and Riga (Terauda and Nikodemus 2007,
Jankovska et al. 2008). As the result the low levels of
S and N in the soils did not correspond to the optimal
supply of plants, accordingly decreased levels of them
were also stated in the leaves, especially for S (in two
objects only 0.06±0.01 %). Whereas the soils, where
young trees grow in the streets, contain significantly
higher levels of S and N as compared with the soils,
where old trees grow. Soils of old street trees can be
characterized as highly compact, therefore more intense denitrification and desultification could occur
and thus fewer amounts of N and S were found in
comparison with the young street trees. In addition,
application of N and S containing fertilizers in the
young greenery, as well as higher organic content
(Cekstere, unpublished data) could influence the level of N and S. Interestingly, that the leaf chemical
analysis revealed significantly higher level of S in the
old lime leaves. Probably, this could be due to dilution effect in the young lime leaves, as well as with S
accumulation in the old limes during previous decades,
when air pollution with sulphur oxides and acid rains
was a serious problem in Riga. In general, almost sufficient level of N in leaves (young trees 1.97±0.07 %
» old trees 2.09±0.06 %) could be explained by NO x
uptake from air due to increased air pollution with NO x
during the last decades in Riga (Ïuïko et al. 2008). It
is well known that plants can uptake NO 2 through leaf
stomata (Manning and Harris 2009). It could be also
stressed that soils of street trees in Riga contain relatively high level of organic matter (Cekstere, unpublished data) which were decomposed and formed N
compounds available for tree uptake during the vegetation season.
Plant supply with such macroelements as P, Ca,
Mg in the soil could be characterized as optimal to
increased. Soils of Riga, especially for the old street
trees, are highly anthropogenic, containing in different amounts brick peaces, building remains, as well as
constructional dust etc., which contain Ca and Mg.
Whereas the soils of the young street trees contained
significantly lower level of Mg (2629±382 mg/kg <
3749±345 mg/kg, young and old respectively). Accordingly, optimal till abundant levels of the elements were
stated in the leaves, which were on average statisti2010, Vol. 16, No. 1 (30)
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cally similar between the young and old tree leaves
(1.38±0.09 % » 1.27±0.10 % Ca, 0.33±0.03 % » 0.32±0.03
% Mg). Nevertheless, the stated Mg content less than
0.20% in two objects of the old trees (Kr. Valdemara
and Stabu 2), probably due to element antagonism and
hard soluble compounds, could be insufficient for
normal plant development. The results presented here
on P in the soils is consistent with the studies of Ripa
and Petersons (1968) on soils and trees in Riga where
high or toxic levels of P were stated, but differ from
those of Meyer (1978), who found decreased levels of
P and K in substrates with increased contents of artificial materials with alkaline reaction. This phenomenon in Riga could be explained by possible application of phosphate fertilizers, as well as formation of
hard soluble P compounds in the neutral and alkaline
greenery soils. Thus the stated P concentrations in
leaves showed decreased to optimal levels. Significantly higher level of P (0.19±0.01 % < 0.23±0.02 %) was
found in the old lime leaves due to over an accumulation long time.
In general, the concentrations of K in the soil
samples were highly variable (23.4-578.1 mg/kg). Consequently, a wide dispersion of K concentrations and
supply levels were stated in lime leaves (Kmax /
K min =6.73). Significantly a higher level of K
(1.09±0.07% > 0.88±0.07 %) was found in the young
lime leaves. Usually K content in plants decreases
during the vegetation season. In Riga it could be promoted by abundance of antagonistic ions, especially
Na+ (Èekstere et al. 2007), as well as insufficient level
of K in the soil. As the result the found concentrations of K in lime leaves of Riga could be characterized as insufficient for Tilia spp. Well visible K deficiency symptoms as brown necrotic spots were observed (£0.66 %) only in the young tree leaves. However, such symptoms were not pronounced in the old
tree leaves, where the level of K was only 0.30 %. Probably, young trees are more sensitive to K deficiency
stress. It could be noted that observation of visual K
deficiency symptoms for the old trees were suppressed
by intensive specific leaf necroses caused by toxic
impact of Na+ and Cl - (Èekstere et al. 2007).
The results of this study confirmed and expanded the data obtained in the previous studies on the
nutritional status of trees growing in the streets of
Riga. It was found that one of the main negative factors affecting the growth and development of old street
trees (limes and chestnuts) was deficiency of N, K and
S (Èekstere et al. 2005).
PCA of leaf results showed 37.62 % variance with
Axis 1 and 21.72 % with Axis 2, but PCA of the soil
results: 35.38 % and 27.60 % variance, respectively.
The spatial distribution of studied trees according to
ISSN 1392-1355
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leaf results showed continuum, but soil results could
be characterized as rather structured (Fig. 4). PCA results revealed 4 tendencies for the trees in Riga:
1) tree grouping depending on age (young or old);
2) a wide dispersion of macronutrient concentrations
in most of studied objects; 3) better vitality for young
trees mainly due to better supply with K; 4) content
of macronutrients of the soils and leaves did not reveal significant differences between healthy and damaged trees growing in different streets of Riga, which

A
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indicated to other factors (de-icing salts, heavy metals, micronutrients etc.) more negatively affecting
physiological status of trees.

Conclusions
The research revealed a high heterogeneity of
macronutrient concentrations in the soils and leaves of
the street trees, slightly damaged status of the young
trees and damaged for the old limes in August 2007.
Insufficient level of N, S and K and elevated concentrations of P, Ca and Mg were found in the soils
in which young and old trees grow in the streets. The
main nutritional problems for the limes in Riga were
low foliar level of S and K as well as Mg and P on
several sites. Statistically significantly higher concentrations of P and S were found in the old lime tree
leaves, but K - in the young tree leaves, however these
concentrations of K and S in the most of cases did
not reach optimal values.
The results of this study suggest that there is no
significant improvement during the last five years in
the street tree macronutrient status. Therefore further
studies and additional analytical work should be done
to work out and evaluate measures and treatments to
improve the vitality of trees and ameliorate the unfavourable growth conditions.
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ÑÒÅÏÅÍÜ ÎÁÅÑÏÅ×ÅÍÍÎÑÒÈ ÌÀÊÐÎÝËÅÌÅÍÒÀÌÈ ÐÀÇÍÎÂÎÇÐÀÑÒÍÛÕ
ÄÅÐÅÂÜÅÂ ËÈÏÛ ÍÀ ÓËÈÖÀÕ ÐÈÃÈ
Ã. ×åêñòåðå è À. Îñâàëäå
Ðåçþìå
Îäíîé èç íàèáîëåå ðàñïðîñòðàí¸ííûõ äðåâåñíûõ ïîðîä â óëè÷íûõ ïîñàäêàõ â ãîðîäàõ Öåíòðàëüíîé, Ñåâåðíîé è
Âîñòî÷íîé Åâðîïû, â òîì ÷èñëå â Ðèãå (Ëàòâèÿ), ÿâëÿåòñÿ ëèïà Tilia x vulgaris H. Îñíîâíîé öåëüþ èññëåäîâàíèÿ
ÿâèëîñü èçó÷åíèå ñòåïåíè îáåñïå÷åííîñòè ðàçíîâîçðàñòíûõ óëè÷íûõ ïîñàäîê ìàêðîýëåìåíòàìè â ãîðîäå Ðèãå. Â
àâãóñòå 2007 ãîäà äåðåâüÿ îáñëåäîâàëèñü äëÿ äèàãíîñòèêè æèçíåñïîñîáíîñòè óëè÷íûõ ïîñàäîê. Íà 47 èññëåäóåìûõ
ïëîùàäÿõ áûëè ñîáðàíû îáðàçöû ïî÷âû è ëèñòüåâ ëèïû, â êîòîðûõ áûëà îïðåäåëåíà êîíöåíòðàöèÿ N, P, K, Ca, Mg è
S. Íà î ñíîâàíèè ðåçóëüòàòîâ ïðîâåäåííûõ èññëåäîâàíèé óñòàíîâëåíî, ÷òî ñîñòîÿíèå äåðåâüåâ, â îñíîâíîì,
õàðàêòåðèçóåòñÿ êàê ñëàáî ïîâðåæäåííîå äëÿ ìîëîäûõ óëè÷íûõ ïîñàäîê è ïîâðåæäåííîå äëÿ ñòàðûõ. Íàèáîëåå
øèðîêèé äèàïàçîí êîíöåíòðàöèé, êàê â îáðàçöàõ ïî÷âû, òàê è â ëèñòüÿõ Tilia x vulgaris áûë óñòàíîâëåí äëÿ ìåòàëëîâ
Ca è Mg, à áîëåå óçêèé  äëÿ íåìåòàëëîâ S è N. Ñòàòèñòè÷åñêè äîñòîâåðíûå ðàçëè÷èÿ ìåæäó ðåçóëüòàòàìè äëÿ
ìîëîäûõ è ñòàðûõ óëè÷íûõ íàñàæäåíèé áûëè íàéäåíû äëÿ N, Mg, S â ïî÷âàõ è K, P, S â ëèñòüÿõ ëèïû. Âûÿâëåíî, ÷òî
ãëàâíûì ôàêòîðîì, îòðèöàòåëüíî âëèÿþùèì íà ðåæèì ìèíåðàëüíîãî ïèòàíèÿ Tilia x vulgaris, ÿâèëîñü îñîáåííî íèçêîå
îáåñïå÷åíèå N, S, K, a òàêæå ïîâûøåííûå êîíöåíòðàöèè P, Ca è Mg â ïî÷âàõ. Çàíèæåííûå êîíöåíòðàöèè S, K è â
îòäåëüíûõ ñëó÷àÿõ Mg è P áûëè óñòàíîâëåíû â îáðàçöàõ ëèñòüåâ ëèïû. ßðêî âûðàæåííûå âèçóàëüíûå ïðèçíàêè
äåôèöèòà K áûëè îáíàðóæåíû â ëèñòüÿõ ìîëîäûõ äåðåâüåâ Tilia x vulgaris. Ïðè ýòîì ïðÿìàÿ çàâèñèìîñòü íå íàéäåíà
ìåæäó ñîäåðæàíèåì ýëåìåíòîâ â ïî÷âå è êîíöåíòðàöèåé èõ â ëèñòüÿõ ëèïû.
Êëþ÷åâûå ñëîâà: ëèïû; äèñáàëàíñ ìàêðîýëåìåíòîâ; àíàëèç ïî÷âû; àíàëèç ëèñòüåâ
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