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Long-tcrni impact of dust (pH 12.3-12.9, supernatant of dust:watcr 1:3) from a ccmcnt plant on tlic growth and contcnt of 
carboliydratcs and nutricnt composition was studicd in Norway sprucc, whitc sprucc, black sprucc, Scots pinc, and Douglas fir in 
ficld cxpcrimcnts. A comparative analysis indicatcd a dccrcasc in thc contcnts of starch and licniicclluloscs and thc intlucncc on 
thcir partitioning bctwccn organs of trccs. Elcvatcd contcnts of K and Ca in thc cnvironnicnt and in tlic trccs rcduccd thc contcnt 
of N and its allocation witliin tlic organism (r,,,B = -0.727, p < 0.001; r-,,, = -0.782, 17 < 0.01). Alkalinc dust rctardcd thc hcight of 
trccs and thc lcngth of shoots and dccrcascd thcir biomass. On tllc basis of niorphological changcs in trccs thc rcsistancc of thc 
studicd spccics to alkalization of thc cnvironmcnt can bc ordcrcd as follows: P.rerrdots~rga nierrziesii > Piceu crbies > P i r l ~ s  sylveslri.~ 
> Picea glarrco > P. rnoriunu. 
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Introduction 

In order to forecast and estimate the development 
of forest ecosystems, it is necessary to understand the 
response reactions of  trees to pollutants emitted by 
different industries. In addition to the atmospheric pol- 
lutants o , ,  SO,, NOx and acidic rain, which have been 
widely studied, industrial regions are often confronted 
with the problems of alkalization due to the high con- 
tent of  various ~ndustrial alkaline dusts and ash (Farm- 
er 1993). 

It is well known that depending on the load, the 
duration of the effect, chemical composition of pollut- 
ants and the tolerance of the plant, pollution may cause 
negative or positive responses in plant growth and bi- 
omass formation. Several studies describe negative 
changes in the physiology and biochemistry of plants 
under high levels of alkaline cement dust (Brandt and 
Rhoades 1973, Sporek 1983, Shukla et al. 1990, Farmer 
1993, Mandre et al. 1994, Mandre and K16Seiko 1997). 

Nutrient partitioning is of primary importance with 
regard to the biomass formation and all life processes 
in trees. It is an  important issue in understanding plant 
response to air pollution. Research conducted on the 
effects of  technogenic alkaline dust and ash on plants 

has been relatively modest, though dust pollution 
formed about 10% of the total pollution in the world 
before 1990 (Eensaar 1988) and may be increasing due 
to extension of quarrying and opencast mining (Farmer 
1993). 

Dust pollution is known to affect several physio- 
logical processes linked to carbon metabolism in plants. 
Studies of the annual carbohydrate dynamics in the 
needles of Picea abies incrusted with cement dust 
showed that in winter the content of  soluble carbohy- 
drates may be 20-30% lower than in unpolluted trees 
and the starch content is notably lower than the con- 
trol from April to July (Mandre 1995b). Obviously, light 
shortage under the dust cover is of great importance 
in carbon assimilation and photosynthates content in 
plants. Apparently, the chemical co~nposition and pH 
of dust are the factors most strongly affecting the me- 
tabolism of carbohydrates in plants subjected to dust 
pollution. Czaja (1961) has shown that the total pH 
value of Beta vulgaris leaves increases up to 10, and 
that surface plas~nolysis of the leaf cells starts one week 
after the application of cement dust, with an irregular 
distribution of chloroplasts and halt of starch forma- 
tion. Iliescu (1981) has reported that alkaline dust from 
the electric filters of a cement plant, applied to Begon- 
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ia sp., rapidly inhibited the formation of reducing car- in 1990-1992 being 80-100 kt year' (Keskkond '90, 1991, 
bohydrates. Steinhiibel (1 962) has concluded that the Estonian Environment 1991, 1991, Estonian Environment 
critical factor in starch formation is light absorption by 1995, 1996). In 1993-1996, the emission of cement dust 
the dust layer in common holly leaves, whereas the in- from the plant decreased notably after the installation 
fluence on transpiration or overheating of leaf tissue are of efficient filters and amounted to 15-70 kt year-(. 
of minor significance. In order to characterize technogenic changes in the 

The aim of the present study was to compare the geocomplexes we used a number of parameters that 
content of nutrients and carbohydrates in different or- show qualitative alterations. The most important feature 
gans and different species of conifers growing in the was alkalization and changes in the chemical properties 
conditions of dust pollution and in dust-free conditions. 

Materials and methods 

Strtdy area  and  plant rnaterial 
Morphological and biochemical parameters of con- 

ifers grown in an area of heavy dust pollution were stud- 
ied and compared with those of trees grown in an un- 
polluted control area with similar climatic conditions. 
Climatically the areas investigated belong to the mixed- 
forest subregion of the Atlantic-continental region, 
where the influence of the Baltic Sea is strongly felt, 
the average annual temperature is 4.9 "C, annual amount 
of precipitation 550-575 mm and dominating winds blow 
from the south-west at a mean velocity of 5.2 m s-I (Rau- 
kas 1993, Annuka 1994). The soils in the areas investi- 
gated are Gleyic Podzols, which show essential chemi- 
cal changes in the vicinity of the cement plant (Mandre 
et al. 1994). 

Two-years-old seedlings of Norway spruce (Picea 
abies (L.) Karst.), white spruce (Picea glatica (Moench) 
Voss), black spruce (Picea mariana (Mill.) B.S.P.), Scots 
pine (Pinus sylvestris L.) and Douglas fir (Pseudotsrrga 
nzenziesii (Mirb.) Franco) (n = 25-40) were planted on 
sample plots under a high air pollution load at a distance 
of 0.5 km from the cement plant in Kunda, Northeast Esto- 
nia (26"301 E, 59"20' N). Norway spruce and Scots pine 
were native species. The control trees were planted on 
the relatively unpolluted area of Lahemaa National Park, 
located about 30-38 km west from the cement plant, op- 
posite to the prevailing winds (26"OO' E, 59"3 1' N). In all 
.cases the spacing of trees was 50x50 cm. 

Air pollution and  characteristics of sanzple plots 
The dust from electric filters contains many com- 

ponents, among which the following are predominant: 
40-50% CaO; 12-17% SiO,; 6-9% K,O; 4-8% SO,; 3- 
5% A1,0,; 2 4 %  MgO; 2.8-3.2% Fe,O,, but also Mn, Zn, 
Cu, and B occur. The pH of water solution (supernatant 
dust:water 1:3) was 12.3-12.6 (Raukas 1993). The total 
dust emission from the cement plant was extremely high 

of soil, subsoil water and precipitation. High concen- 
trations of technogenic dust in the air due to emissions 
from the cement plant have brought about significant 
alkalization of the soil (pH of humus horizon is 7.2-8.1), 
precipitation (rain pH 7.1-7.9), snow melt (pH 9.1-1 1.8) 
and subsoil water (pH 7.1-7.9) and have changed the 
chemical composition of the growth conditjons of trees 
(Fig. 1). In the control sample plot the pH of  rainwater 
measured during the investigation period was 6.1-6.6, 
that of snow melt 6.7-7.0 and the humic horizon of soil 
had pH 3.6-4.2. 

Figure 1. Parameters of the soil and precipitation on the 
sampling plots in 1993 from January to December. 

Morpkological measurements 
In early May 1994 before bud break, 6-10 six-year- 

old trees of each species were dug up and the roots, 
stems, shoots (two last age classes) and needles were 
separated for the assessment of their fresh and dry (dried 
at 70 "C to a constant weight) weights (g), dry matter 
content ([dry weight : fresh weight] x 100, %), length (cm) 
and for the biochemical analyses of different organs. The 
height (cm) of trees was measured every autumn begin- 
ning with the autumn after planting in 1990. 



Chemical analysis 
Plant material harvested in May 1994 was used for 

analyses. The collection of samples was carried out at 
10.00-1 1 .OO a.m. local time on a cloudy day at air tem- 
perature 5 "C. All the organs separated were carefully 
cleaned, cut into small pieces and oven-dried at 70 "C 
for 3 days (Wilde et al. 1979, Landis 1985). Only one- 
year-old needles and shoots were used for analyses, 
because they are the most important source of photo- 
synthate and mineral nutrients retranslocation for the 
new needles and shoots (Ziemer 1971, Ericsson 1978, 
Marschner 1986). After grinding, the dried plant materi- 
al (1-2 g) of different organs was subjected to chemical 
analyses. Concentrations of elements (Ca, K, Mg, Fe, 
Mn) were determined by atom adsorption spectrosco- 
py (AAA-IN, Karl Zeiss, Jena), N was analysed by the 
method of Kjeldahl and P by the ammonium molybdate- 
vanadate method using spectrophotometer SPEKOL 1 1 
(Carl Zeiss, Jena) at 460 nm in the Estonian Control 
Centre of Plant Production in Saku. 

Total soluble carbohydrate and starch concentrations 
were estimated using the methods recommended by Fer- 
enbaugh (1976), Marshall (1985), Arasimovich and Ermak- 
ov (1987). The organs separated from 6-10 trees were im- 
mediately fixed in boiling 96% ethanol for 3 min and air 
dried. 1-5 g of dried and homogenized plant material from 
lumped and mixed sample was used for repeated extrac- 
tion of soluble carbohydrates with 80% ethanol. The ex- 
tracts were centrifuged and the supernatants were collect- 
ed. All the residue that remained after the removal of sol- 
uble carbohydrates was dried, followed by gelatinization 
in distilled water and digestion with 35% perchloric acid 
for complete extraction of all starch (Ferenbaugh 1976, 
Marshall 1985). The extraction of hemicelluloses was car- 
ried out with acid hydrolysis (2% H,SO,) as recommend- 
ed by Arasimovich and Ermakov (1987) and Sofronova and 
Chinenova (1987). The extracts of soluble carbohydrates, 
starch and hemicelluloses were individually reacted with 
an anthrone reagent (0.1 % anthrone in 72% sulphuric acid) 
to produce a blue-green colour and their absorbancies were 
measured at 620 nm with a spectrophotometer (SPEKOL 
11, Karl Zeiss, Jena). The concentrations were calculated 
using glucose curves as a standard. 

Statistical analyses 
To test the differences, regression analysis, correla- 

tion analysis and t-tests were used with the help of pack- 
age Statgraphics 5.0 (Manugistics Inc.). Assuming possi- 
ble correlation between organs, repeated measures analy- 
sis was conducted to test nutrients and carbohydrates for 

additive dust effect and for organ x dust interaction in all 
organs and species at once. Site (2 levels) and species (5 
levels) were independent variables and organs were de- 
pendent variables (5 variables). The dust effect on carbo- 
hydrates was further tested using all analysed compounds 
of carbohydrates (15 dependent variables) at once. Gen- 
eral Linear Model procedure in SYSTAT 7.0 (SPPS Inc.) was 
used for the repeated measures analysis. 

Results 

Nutrients 
Alkaline dust deposited on trees and alkalized 

growth substrate caused serious deviation in the min- 
eral composition of young conifers. An increase in the 
average Ca, K, Mg and Fe concentrations was found in 
the investigated trees. Compared with the trees grow- 
ing in the control area, the concentrations of these ele- 
ments were about 155, 82 and 38% higher, respectively. 
The highest concentrations of Ca and K were observed 
in the needles of polluted trees (Table 1). 

As a consequence of cement dust exposure the 
contents of several elements (P, Mg, Fe, K) were higher 
than in the control trees in the above-ground organs, 
while in the roots they were close to (K, Mg) or signifi- 
cantly lower (Fe, P) than in the control trees (except in 
Picea mariana) (Table 1). The average concentrations of 
P and Fe in the needles of polluted trees had increased 
by 89 and 423%, respectively, but in the roots their con- 
centrations were less, being 55 and 47% of the control. 

The changes in the chemical composition of trees 
under stress showed a high variability between species. 
For example, in Picea abies an essential decrease in N 
concentration was found, which was as the average of 
different organs by 30-50% lower than that in the con- 
trol trees. At the same time in Pirzus sylvestris the dif- 
ferences in the content of N in the needles from the 
control did not exceed 12% and no essential changes 
were observed in the roots, stems and shoots. 

A drastic decrease in the content of Mn was found 
in all species and in both organs of the young conifers 
investigated. An essential Mn deficiency was established 
in the polluted trees: the Mn concentration in the roots 
of Pseudotsuga merlziesii was only 25.0 mg g-' d.w. and 
in the shoot needles 8.8-22.3 pg g-' d.w. (Table I ) .  

Carbol~ydrates 
Total concentration of carbohydrates in needles 

was less in polluted trees, while the degree of differ- 
ences varied with species (Table 2). The most consist- 
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Table 1. The content (d.w.) of mineral 
elements in I-year-old needles and roots 
of different 6-year-old coniferous species 
grown on the control site and near the 
cement factory (pollutcd) in May 1994; 
significance of pollution effect (p-value) 
according to two-sided paired t-test 

ent changes were recorded for hemicellulose which was nificance of dust effect on soluble carbohydrates for 

lower in both roots and needles of all species. Less all organs (Table 3) was slightly higher ( p  = 0.057) than 

starch was in needles. Lower content in soluble carbo- for needles or roots singly. If different carbohydrates 

hydrates was most usual across species. Statistical sig- were tested at once, the p-value of additive dust effect 

Picea 

abies 

12,s 

8.0 
6.0 
4.0 
1.7 

4,3 
1.6 
1,O 
8.4 

13,6 
6,1 
6,O 
6.5 

18.6 
5,0 
9,6 
1.5 

2.8 
1.4 
1.8 

44.8 

20,5 
84.3 
28,3 
69.8 

530.0 
1705.0 
713.0 

Element 

N 

mg g-1 

P 

mgg-I 

K 

mgg-1 

Ca 

WE? g-1 

Mg 

mg g-1 

Mn 

~ g g - 1  

Fc 

P g g-1 

Table 2. The content of carbohydrates 
(mg g-I, d.w.) in I-year-old needles and 
roots of different 6-year-old coniferous 
species grown on the control site and 
near the cemcnt factory (polluted) in 
May 1994; significance of pollution 
effect (p-value ) according to two-sided 
paired t-tcst 

Site 

Control 

Polluted 
Control 
Polluted 
Control 

Polluted 
Control 
Polluted 
Control 

Pollutcd 
Control 
Pollutcd 
Control 

Polluted 
Control 
Polluted 
Control 

Polluted 
Control 
Polluted 
Control 

Polluted 
Control 
Polluted 
Control 

Polluted 
Control 
Pollutcd 

Organ 

Needlcs 

Roots 

Needles 

Roots 

Needles 

Roots 

Needles 

Roots 

Needles 

Roots 

Necdles 

Root5 

Needles 

Roots 

Parameter 

Total 

soluble 

Starch 

Hemi- 

cellulose 

Total 

Soluble/ 

Starch 

Picea 

nlariana 

12,s 

10.7 
6,6 
5,2 
1.6 

3,9 
1,4 
1.3 
8.8 

12,9 
6.8 
7.4 
5,7 

15.4 
5.0 

15.2 
1.3 

3.4 
2.5 
3.3 

37.3 

14,5 
57.0 
37.8 
69.1 

380,O 
768,O 
920,O 

Pinus 

sylvesfris 

14,O 

13,O 
5,4 
5,4 
I,3 

6 
1,8 
1.3 
8,4 

12.4 
6,O 
8,2 
4,! 

10.9 
5,6 

11.9 
2,2 

3.2 
1.6 
4.7 

48.5 

8,8 
144.0 
32,8 
44,O 

204,O 
2375.0 

802,O 

Organ 

Needles 

Roots 

Needles 

Roots 

Needles 

Roots 

Needles 

Roots 

Necdles 

Roots 

Plcea 

glauca 

12.1 

11.6 
6,6 
4.7 
1.5 

1.8 
2,O 
1.2 
7.4 

9.1 
5,s 
6.4 
7.6 

19,2 
10,O 
14,2 
1,s 

3.9 
2.7 
3.1 

50.5 

22,3 
120,O 
34,5 
90.5 

562.0 
2680.0 
1281.0 

Site 

Control 

polluted 
Control 
Polluted 
Control 

Pollutcd 
Control 
Polluted 
Control 

Polluted 
Control 
Polluted 
Control 

Polluted 
Control 
Polluted 
Control 

Polluted 
Control 
Polluted 

I'seudo- 
I niga 
me~rziesii 

10,R 

9,6 
12,2 
6,4 
1,9 

3,5 
3,2 
1.7 
7.6 

13,2 
8.1 
7.9 
5,2 

14,4 
8,7 

10,6 
1,6 

3,3 
2.1 
2,s 

27.3 

18,O 
173,O 
25,O 

133.0 

452.0 
1755.0 
673,O 

p-valrie 

0.072 

0,083 

0,043 

0,038 

0,004 

0,191 

0,000 

0,017 

0,003 

0,121 

0,007 

0,019 

0,004 

0.032 

Pirrris 

sylvesfris 

77,O 

76.0 
34,O 
43,O 
83.7 

77,O 
82,8 
91.8 

119,3 

114,2 
123,8 
99,O 

280,O 

267,2 
240,6 
233,8 

0,92 

0,99 
0,41 
0,47 

I'icea 

abies 

112,O 

118,O 
62,O 
15.0 

141,3 

11 1,6 
88,2 
81,9 

175,5 

117,O 
124,9 
102,4 
428,8 

346,6 
275.1 
199.3 
0,79 

1,06 
0,70 
0,18 

Picea 

marinrra 

107,O 

91,O 
45,O 
12,O 

117,9 

945  
72,O 
71.1 

146,3 

124,9 
114,8 
99,O 

371,2 

310,4 
231,8 
182.1 
0,91 

0,96 
0,63 
0,17 

Picea 

glalrca 

102,O 

90,O 
37,O 
40,O 

108,9 

95,4 
43,2 
58,5 

128,3 

106,9 
97,O 
96.8 

339,2 

292,3 
177,2 
195,3 
0,94 

0,94 
0,86 
0,68 

I'seutlo- 
rsuga 
menziesii 

84,O 

65,O 
30,O 
18,O 

126,O 

109,8 
92,7 
87,3 

171,O 

122,7 
1294 
114,8 
381,O 

297,5 
252,l 
220,l 

0,67 

0,59 
0,32 
0,21 

p-value 

0,150 

0,206 

0,011 

0,609 

0,034 

0,022 

0,012 

0,148 

0,318 

0,089 
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Table 3. Significances (p- 
values) of cement dust 
effect on the mineral ele- 
ments and carbohydrates 
according to repeated 
measures analysis organs 
and species tested at once 

was also 0.057 and the only significant pollution relat- 
ed result was compoundxorganxdust interaction f$ = 

0.046). Total content of carbohydrates was significant- 
ly lower in needles of polluted trees. Some indication 
of lower soluble carbohydrates to starch ratio was 
found for roots. 

Regression analysis showed the correlation between 
the starch content and that of the soluble carbohydrates 
(R2 = 0 . 5 8 , ~  < 0.001), and interdependence of starch and 
hemicelluloses (R2 = 0.85, p < 0.001) in trees. 

Parameter  

N 
P 
K 

Ca 

Mg 
M n 

Fc 
Total rnincral clcmcnls 

S>luhlc carh)hydralcs 

Slarch 

I Icn~iccI IuIc~c 

Ttilal carhlhydralcc 

S\luhlc 
cnrhohydralcsiSiarch 

Growtlz and bion~ass of trees 
In the polluted area the height growth of young 

conifers became inhibited already from the first year of 
growth (Fig. 2). Irl 1996 the total dry weight of l? syl- 

vestris control trees was 2234 g (n = lo),  but near the 
factory only 240 g. Respective figures for I? abies were 
914 and 453 g. Differences from the control trees at the 
end of experiments were significant at thep  5 0.001 lev- 

Source  o f  var ia l ion  

el for all spruce species and for l? sylvestris. The height 
of the P. abies measured in 1993, on average was 55% 
of the control and for I? sylvestris 47% of the control. 
The deviation from the control in height of trees in- 
creased in the following years. In cotnparision with the 
control, the height of I? rirariana was most strongly 
reduced in 1992 and 1993 being 3 1% and 25% of the 

dust 

control, respectively. This large difference may be at- 

O r g a n  

x dust 

tributed to climatic factors because in these two years 
the amount of precipitation was only 113 to 118 of the 
long-term mean and'I? mariana seemed to be the most 
sensitive species. Abundant rainfall may reduce the 
concentration of pollutant in the soil. Surprisingly, the 
l? menziesii that had grown under dust pollution did 
not differ considerably from the control. Under stress 
the length of spruce shoots was by 15-76% and 65- 
87% smaller than the control in 1992 and 1993, respec- 
tively (Fig. 3). The large amounts of cement dust had a 
strong negative effect also on the formation of the 
weight of the conifers. This was especially evident in 
the case of the fresh and dry weight of roots, stems 
and shoots, less in the case of needles (Fig. 3). The 
weight of various organs of Picea rnariana in particu- 
lar was notably affected by large amounts of dust. 

Picea glatrca 

Pserrdotsrtga nterrziesii 

200 I 

p-~vulrre 

n 
0 1 a - s a 9 f f  0- + D c n s i t y  o f  nccdlcs 

o ~ ; ~ ~ ~ ~ ~  g a , - s a s z g  
g 2 2 2 2 2 S 2  ~ 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 '  cont ro l  

0,038 
0,220 
0,000 
0,000 
0,002 
0,002 
0,986 
0.1 14 
0,057 

0,148 
0,077 
0,057 
0,189 

Figure 2. Annual dynamics of morphological differences from the control (% of control) of young coniferous trees in dust 
pollution conditions in 1990-1996. 1990', planted in May 1990. 

0,331 
0,000 
0,001 
0.001 
0,l 14 
0,002 
0,000 
0,000 
0,168 

0,176 
0,053 
0,234 
0,068 
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Frcs h wcight Dry  wcight 
120 1 1x1 1 Dry weight I frcsh wcight (76) 

m Pitlus sylveslris 

Picea abies 

Piced tirariarra 

I Picea glarrca 

Pseudofsuga nrer~ziesii Figure 3. The influence of dust pollution on the partitioning of weight between organs 
of diffcrent species of conifers (%I of control) after growth in dust pollution conditions 

-control from 1990 to 1994. 

Discussion and conclusions 

High alkalinity of  the environment - soil, subsoil 
water and precipitation - caused by high levels of  al- 
kaline dust pollution, induces essential changes in the 
plant physiology and morphology. Somewhat lower 
content of mineral elements and the reduced concen- 
tration of N, P, Fe and Mn in the roots points to lower 
availability of those nutrients from the alkalized growth 
substrate or to an intensive translocation from the roots 
to the above-ground organs. The increased content of 
nutrients in the needles suggests the incorporation of 
nutrients from the dust layer on needles through the 
needle surface. 

Our earlier investigations with 60-80-year old Pi- 
cea ahies and Pinus sylvestris show that prolonged 
cement dust impact and alkalization of the environment 
cause changes in the availability of several plant nutri- 
ents, their content and ratio in needles, and alter the 
pattern of the seasonal dynamics of nutrients (Mandre, 
1995a). For example, while under dust-free conditions 
the maximum content of N in one-year-old Picea abies 
needles occurs in March-April, then under stress due 
to the influence of cement dust pollution the maximum 

N values of needles are observed in the period from 
September to February. It was found that cement dust 
raises the Ca, K and S content in needles, but decreas- 
es  that of Mn and N (Mandre, 1995a). Elevated S con- 
tent could be caused by elevated S emissions. Similar 
results were obtained for foliar nutrient composition by 
Lal and Ambasht (1 982). 

Trees were analysed for carbohydrates in early 
May when their buds did not yet show any important 
morphological changes, but metabolic processes in 
them had already been activated. Comparing five co- 
niferous species, we found that the content of starch, 
which is practically absent in both buds and needles 
in winter (Sofronova, 1985, Mandre, 1995b), very likely, 
was near the peak associated with bud break, as was 
the content of hemicellulose. Before bud break ever- 
green conifers accumulate in needles starch gained from 
net photosynthetic activity (Mattsson and Troeng, 
1986, Sofronova, 1985, Ericsson, 1980) and a relatively 
large quantity of foliar carbohydrates may be accumu- 
lated in conifers (Amundson et al., 1993, 1995, Mandre, 
1995b, Wallin et al., 1996). It is known that amount of 
soluble carbohydrates tends to decrease in needles at 
the pre-bud-break period (Sofronova, 1985, Mandre, 
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1995b, Wallin et al., 1996). Still, their content in young 
conifers, as studied by us, was highest in needles but 
low in roots, stems and shoots. A low content of N, P 
and Mn in the tissues may be one of the factors caus- 
ing reduced contents of soluble carbohydrates 
(SS)(rs,=0.68,~<0.001;rss,=0.72,p<0.001;~~sS,Mn 
= 0.61, p < 0.05). 

It was established that in the pre-bud-break peri- 
od young conifers contained 23-30% of total carbohy- 
drates, most of  this amount being starch and hemicel- 
lulose. The distribution of carbohydrates in the organ- 
ism is determined by the functional properties and ac- 
tivity of the organs. Thus, in needles, serving as pho- 
tosynthetic organs, the content of  carbohydrates is 
much higher than in non-photosynthesizing roots and 
stem. Roots and stems are composed mainly of cellu- 
lose and lignin and carbohydrates are located mostly 
in vascular tissues and ray cells. Different proportions 
of living and dead tissues in stems and roots may 
cause some differences in carbohydrates between pol- 
luted and control trees. Soluble carbohydrates have 
also the osmotic function. The requirements of  osmot- 
ic pressure might be different for the polluted and un- 
polluted trees or in the polluted trees part of osmoti- 
cally active carbohydrates might be replaced by com- 
patible substances. In general, air pollution reduces al- 
location to roots, which is positively correlated with the 
changes of  carbohydrates in needles. 

The alkaline dust emitted from the cement plant and 
the concomitant alkalization of the growth substrate 
retard the height growth of trees and decrease total plant 
weight. The height growth of conifers in the polluted 
area was found to be restrained and it differed consid- 
erably from that in the control area. In contrast to fresh 
and dry weight of  organs, the dry weightlfresh weight 
ratio (%) in various organs may be higher under air 
pollution except in needles where the dry weightlfresh 
weight ratio did not differ from the control (Pseudot- 
suga menziesii, Picea glauca, Pinus sylvesfris)  or 
showed a tendency to decrease (Picea abies and Pi- 
cea mariana). 

Moreover, for all conifers investigated the parti- 
tioning of  dry mass in different organs depends signif- 
icantly on the N and K content at the level of signifi- 
cancep <0.01. In a polluted area the dry weight of trees 
largely depends also on the dominant elements of  the 
pollution complex, Ca (rdtVJca = - 0 . 5 8 ; ~  < 0.01) and Mg 
(rd.w.,Mg = -0.44; p < 0.01) .We failed to find such depend- 
ence in the control trees. 
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BJIHHHHE ~ E M E H T H O ~  IIbIJIH HA POCT, COflEPXAHHE IIkiTATEJIHbIX 
BEWECTB ki WJIEBOAOB B rUITH BWAX X B O ~ ~ H ~ I X  

Mccnenoomu nnumrue q e w e ~ m o u  nbmu Fra POCT, conepmarrue nuTaTenLrlblx seuecrn u yrneeonos B nmu sunax 
X B O ~ ~ H L I X .  Conepma~r~e re~uuennmnos u KpaxMana yhterrburunocb B S ~ I ~ R S H ~ H H L I X  nepeebxx. IIon~rrue~l~b~e ypoatrlr K u Ca 
B cpene yhterrbmunu conepmaHue N B nepeenx. Ha ocHone ~op@onoruqec~ux  us~er~ewuil B U ~ M  no TonepaH-rwocTu K 

3arpns~e11uro sepenonanucb: Pseudotsuga rnerlziesii > Picea abies > Pinus sylvestris > Picea glauca > P. mariana. 

Knwqe~b~e CJlOBil: POCT, UeMellTHaR nbmb, IlUTaT~LHbIC BeUleCTBa, peBOnL1, X B O ~ ~ H L I ~  


