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Abstract. To this work the influence of emissions from heat power
station on the phenolic composiltion in Scots pine needles was
investigated., There was noe difference neither in gualitative
compesition nor in quantitative content. Trees state changes
associated with wmuliipile stress factors are reflected in the
structure of correlation matrix. The nwmber of significance of
cofrelation coeffictents was dncreased in  testing group and
structure of correlation bonds between individual compounds was
changed too. This phenomenon is independent of nature of stress
and arises only due to common regulator factor.

The problem of large-scale polivtion of the air and its
ruinous impact on {the plants has acguired special ecoliogical
sipnificance. Condition of the forests in highly indusirialized
countries is a subject of great atiention. Certain progress had
reen achieved in developing ihe methods +to record visually
detected damage of the f{orest vegetation [1]. At present 1t is
commonly recaognized, that the damage is, first of all, revealed at
the biochemical to spread cover the ultrastruciural and cell
ievels. The visible symptoms of the damege develop affer it In
this connection it is of prime importance to develop the methods
for carly diagnosing of the plant condition on the basis of
bicchemical indices.

There is voluminous literature, devoted to the studies of the
bicchemical composition of piants, affected by air pollution
[2,3, 4], Nevertheless, fthere are no however acceptable biochemical
methods for early diagnosis yetf. This seems to be due i{o several
reasons. . One of them is the fact, that most works, as a rule,
compare absolute values of the concentrations of the substances or
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‘activity of the enzymes. In such an appreoach the ranges of the
.test wvalues often ovérlap the control ones. The alterpative
approach can be based on studying the correlations of the indices
under study. The problem of fheir wvariabiliiv and the choice of
the control 1is getting acute. This method, called correlaticn
adapiometry, was developed in siudving the degree of correlation
or the lipid exchange parampeters in human populations [5]. The
revealed effect of growing correlations befween the physiclogical
parameters was accounted for the monofactoriality of  the
regulaiion, "apparition® in the adaplation process of a iimiting
factor, whose function decreases and becomes compatible with the
‘gther factors in the adapted condition. It iz obvious, that the

slight effect of industrial emissions, not entailing changes in
the morphclogical 1ndices, c¢an be revealed at the bicchemical
level, and consider the plants to adept to the adverse conditions
of the environment. _

Most works dealing with the eavrly diagnosis methods study the
praducts of primary metabolism Meanwhile, biochemically they are
very active, their daily dynamics is often very complex, they are
actively iransported from the leaves which makes difficult to use
them as indicators of the plant condition |

To disgnose we used in our work secondary metabolites of
phenolic nature. The plants are éapabla of synthesizing a very
broad range of such substances. All of them form from the common
precursor -phenilalanine, whkich is one of the final products of
~the shikimate pathway. The phenolic compounds are subject to
catabolism 1o much legs degree, that the primary exchange
products, consequently, they hold the dinformatiom about the
impactis on the plant ovganism for a long time. Another dmportant
advantage of the phenolic compounds is that the modern methods of
chromatograpbhic analysis allow tc separate complex mixfure of
these substances by minimal maﬂipalﬁtiﬂns with the plant samples.

The aim of this work is to obtain guantitative data on the
composition of the phenclic compounds of the Scotch pine needles

¢]

and to process them by cerrelation avalysis method with th
purpose of early detection of thermal eleciric siation emission

impact.
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Gbijects and Helthods

The object wunder dnvestigation was Scotch pine (Pinus

sylvestris L), Examiﬁ ation was conduclted in a clean 40 vears old
stand of the II class of quality with the stocking density 1. 0.
The tree stand is in the cmission tongue 10 ki from the thermal
electric station, operating on brown coal for 45 wvears. The
control was a stand of the same age and forest tvpe, growing

outside the indusirial emission area. Ten trees without visible

damage and weakening were chosen in each sample plot. The needles
for analyses were one vear o!d from the sheools din the middle part
of the crown. The samples were taken in spring in bud swelling

pericd _
Samples of needies (2 g of wel massy were Fixed in 96% ethyl
. a7 . 4 { e .
alcohol and heid in a refrigerator at 2V -~ 4%c. after it the

necedles were ground with liguid nitrogen and extracted by 80%

ethyl alcohol (15 ml 3 times)y al room temperature. Unsolvabie
substances were separated by centrifugation for 13 min. at 5900g.

The alcohol extract was evaporated dry sand the remainder was

ssolved in hot (GGﬁC) distilled water. Resips, pigments, lipids
and other substances, unsolved by water, were sedimented by
centrifugation. The thus purified extract was ased for
guantitative analysis of iedividaatl phenolic compounds, present in
the pine needles, and the fraction of free proantocyanidines. in
the remainder the bound proantocyanidinegs were determined.
Individual composition of phenolic compounds were examined by
high efficiency liguid chromatography (HELC) with "Milichrome*.
The colunmn 2*64 mm was {dlled with Silasorb C 18 sorbent {CSFR).

The eluent was the linear grazdient of ethyl alcohol (0 - 30%) in
5% acetic acid. The flow rate - 50 wcl/min  Detection was

-performed at 260 nm. The area under the chromato-graphic peaks in
proportion with the concentration of the respective individual
substances, were measured auvtomatically by electronic 1n?egrator
CI-~1004 (CSFR). The Dieanto““anldlne conient was measured hy a

routine procedure {6}].
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Fesults and Dizscussion

The wmworphological parameters of the  needles and tree
seedlings, bgmpared eariier {77 on ithe sample test and control
plots, showed no ‘deviation in the growth processes 1in the pine
crowns. Nevertheless, the sulphur content in ithe needles, eyamined
hy the sanme authors was found to be higher in the trees growing in

the emission areas, and represented, mainly, by 50,

%
0
m
-

Table 1. Proantocyanidine Content (mgsg dry wedighty din  Cne
0ld Keedles of scots Pine

Proantocyanidines Countrol Test
Free 8. 1%a. 7 8. 0%31.0
Bound 7% 3t3 2 IE.TEL G
Total 3T 4E302 35, 5120400

Table 1 shows the determinmation of proantocyanidine content
the largest, with respect to the aquantity, group of phenolic
csmpounds. No index showed sonnd differecnce belween the samples.
However, we should note, that inm spite of the unreliability of the
difference of the mean values between the two samples, within the
sapples we obtaiped reliabls difference for both ipdices bothk in
the test and 1in the control. So, there exists considerable
individual wvariability in  the content of f{ree and bound
proantocyanidines in the aeedles from different trees. 1i is this
situvation, that we meant, speaking about the vicissitudes of using
absolute parameter valucs {to determine the *norm -~ pathology®
boundary. |

fig. 1 shows a typical chromatoegraph of phenolic compounds of
the alcohol extract of the needles. All chromatographs were found
to have 26 individual compounds., Thus, the gualitalive composition
af the phenolic compounds of the needles on the test and control
plots  was ddentical. Hext we determined the content of 19
compounds, corresponding to the peaks most pronounced in  the
chromatographs. Standard ervror  values show, that individual
phepolic compounds ave ipdividually very variable, too. Therefore




G40

with close mean values the difference between the samples at the
54 level of significance are unreliable. ap eyception 1s only the
compoind, corresponding to the second peek, revealing marked
difference between the samples

However, we think, that comparing a seit of signs it is hardly
possible to make some scund conclusions about the coincidence of
the sets on the whele, guided by the resulis of comparisons of
individuoal signs. Indeed, even if there are reliable differences
bhetween certain pairs it is not clear what guantity of such pairs
makes two sets differ on the whole. Therefore, either it is
necessarv to prove the possibility te use the distinct sigos

18 20 36 40  min

Fig. 1. Typical chromatograph of phenolic compounds of alcchol
xtract of one-year old nsedles of Scots pine.

without taking into account the rest or to study the structure of
the sets of the signs and reiations between them with the absence
of the indicator signs the latter direcition remains the only one.
Tt was this reason, that made us coastruct correlation mairices of

the relations of the individual phenolic compounds’ concentrations
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-~ ~ for each of the samples. Table 2 shows their fragments, containing

meaningful correiation coefficients.

Table 2. Fragments of Matrices of Correlation Bonds Between
the content of Individual phenolic Compounds: A - test, B -

control
4. J
No. of compounds 2 9 16 11 13 18 22 26
{peaks)
1 0. 68 0 0 0 0 0 0 0
3 ) o 0 6. 67 0 0 0 o
4 0 0 ¢ 0 -0, 74 0 P 0
7 1 8,78 Q.72 6 o o 0 0
8 0 G.66 0 ) 0 0 0 0
9 ) 1 0.65 0. 74 @ 0 0 n
10 | 0 6. 65 1 0 ~8. 67 0 ¢ 0
15 o 3 e 0 i -0, 69 @ 0
17 0 4 0 a o 0 0 0. 64
18 0 0 ~0. 66 0 6. 75 © i) - 57
21 ' 0 0 0 50 o 6. 67 0
B.
Ho. of compounds i3 13 21 23
ipeaksy '
1 . 5 0 ~0.7¢ B -G, 80
9 0. 81 0 ¢ f
15 0 i o a. 72
17 0 0 0. 67 Y

The number of meaningful correlation coefficients for the
popilation in the ipdustrial emissions’ area turned out to be
three times of that for the contrnl one. 7The absolute vaiues are
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15 and 5, respectively. The structure of the correlation bonds was
also different. The fest popujation was found to have increased
pumber of negative correlations, which  seems to oprove the
engagement of the compensation mechanism with the respective
changes ‘in the concentrations of the substances under study., By
the correlation adaptometrv method greater correlaticon of  the
investigated parameters ~is accounted for the apparition of =
common iimiting factor, which, in our case it is but logical to
identify as the air pollution.

The mechanism of the growing correlation of the bjiochemical
indices may be accounted for the fact, that the air cuﬁtaminants%
penetrating the plant cell, are able to interact with different
components: wmembranes, metzbolites. enzyvmes and so on. At this,
adaptive reactions, aimed to reduce the negative effecet of the air
contamination, are started and the metabolism of all trees changes
identically. Tt is common knowledge, that any disturbance in the
basie exchange aflect the nature and intensity of the secondary
metabolism of the plants [81 S0, the aiv contamination can be as
factor, determining similar changes in tihe gsynthesis of the
phenciic compounds.

in conclusion we should note, that the effect
correlation of the signs in the population, subiect to the common

o0
&
o

for all trees regulating (limiting) factor, was obtained
(5], within the framework of the normal correiation theeory. On

this path there are two traditional difficuities, connected with
the asssumpiion of the normaliiv of distributions st the initial
general totalities and with the linearity of the velationships of
the signs. In these cases it 1s mere promising to apply
non-parameiric statistics, as the assumption about ihe normality
is a convenient absiraclion only, while the non-correlatedness
condition is less rigorous, than the independence of the signs.
Non-parametric methods are based on weaker assumptions about the
properties of the general tetalities. The preliminary results,
obtained din ihese directions show, that +the Spearman’ s rank
correlation coefficient is reliable for the larpger number of pairs
in the test population, compared to the control 11t and 8,

respectivelv. So, even with less burdensome assumptions about the
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‘statistical properties of the totftalities the corvelation of the

phenolic compounds® content is higher in the trees, growing in the
area of the thermal electric station impact, _

The results oblained can be considered important, stimulabing
arguments to create a method for early disgnosis of tree stands
without visual signs of damage and/cr weakening if the trees
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