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Abstract. Changes in the content of phenolic compounds i.e., ortho-diphenols (o-dPh), me-
ta-diphenols (m-dPh) and total phenols (TPh) was studied in needles of Scots pine seedlings
subjected to the action of SO2 In the first experiment the independent variable was the
concentration of gas and in the second the time of exposition. It was confirmed that changes of
phenols content are nonlinear in character. After an initial increase there follows a decrease to the
control level and next comes another increase. The increases in the content of phenolic compounds
may be connected first with the mechanisms of defence and then a stage of degradation. Two
provenances differed in sensitivity and natural content of phenols, which may suggest that phenolic
compounds determine resistance. The character of changes is in all studied groups of compounds
similar.
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INTRODUCTION

The influence of different biotic and abiotic factors on changes in phenols
content in plants is a broad study (Feldman and Hanks 1968, Howell 1970,
Simons and Ross 1971, Scalbert and Haslam 1987, Stenlid and
Johanson 1987, Karolewski 1990). There are publications describing
changes of phenolic compounds caused by long time exposition to toxic gases
in field conditions (Yee-Meiler 1974, 1977, Karolewski and Giertych
1992) but there are few works showing changes immediately after a few hours’
action of the toxic factor. Phenolic compounds are important substances
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participating in the defence mechanisms in plants (Hoque 1982), and then-
levels determine sensitivity to pathogens e.g., to a nematode of some citrus
cultivar (Feldman and Hanks 1968). It is interesting to know if the same
dependence occurs in sensitivity to abiotic factors. The study of SO2 influence
on two different cultivars of poplar (Populus) did not give an answer
(Karolewski and Daszkiewicz 1988).

MATERIALS AND METHODS

This paper presents results of two experiments. The first was conducted on
4.5-month-old Scots pine (Pinus sylvestris L.) seedlings, originating from seeds
collected from clone no. K-11-03 from a seed orchard in the Zwierzyniec
Experimental Forest near Kornik. The seedlings grew in greenhouse con-
ditions, singly in pots in a medium composed of forest soil and peat (3:1 v/v).
This experiment was conducted over one week (14.10.91-18.10.91), and each
day a subsequent part of seedlings was treated with a different SO2 concent-
ration (0.25; 0.5; 1; 2; 4 ppm) for 6 hours.

Exposition to SO2 was performed using chambers and measuring and
dosing equipment described in the work of Bialobok et al. (1978) and
Karolewski (1983). For dosing gas the Interscan LD Continuous Monitor-
ing System Model LD-24 Sulphur Dioxide was used. During exposition to SO?
the seedlings were placed in chambers at room temperature (18-24°C), at
a relative air humidity level of 65-80% and under natural illumination of
40-70 W-m~2, with additional lighting on gloomy days.

Seedlings without SO2, representing the control, were taken only in the first
day.

Each experimental variant and control were represented by 5 seedlings,
which were treated as replicates.

Analyses of needles included the content of ortho-diphenols (o-dPh),
meta-diphenols (m-dPh) and total phenolic (TPh) content The level of these
phenolic compounds has been determined in ca. 1 g samples of fresh weight of
needles after double extraction for 15 and 10 minutes in boiling ethyl alcohol at
a concentration of 95 and 80% respectively. The extraction was conducted
after each day of the experiment, extracts were placed in the refrigerator and
further analyses were made after finishing the experiments. Determination of
the level of these substances has been performed by the spectrophotometric
methods: meta-diphenols using vanillin reagent by the method described by
Swain and Hillis (1959), ortho-diphenols using the Arnow’s reagent (sodium
nitrite + sodium molybdate) and the total phenols using the Folin-Ciocalteu
reagent, both methods described by Johnson and Schaal (1957). The content
of ortho-diphenols and total phenolic compounds has been expressed as pM of
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chlorogenic acid g 1 fresh weight of needles and meta-diphenols as aM of
catechin g_1 fresh weight.

The second experiment was conducted on 2-year-old Scots pine seedlings,
originating from seeds representing two European provenances: no. 9 Bolewice
(Poland) and no. 15 Sumpberget (Sweden). A detailed characteristic of the
origin of the seed is presented by Oleksyn and Bialobok (1986). The
seedlings grew singly in pots in a medium composed of forest soil and peat (3:1
v/ v) in the greenhouse conditions, and in the periods from June to November
first year and from June to March second year they were moved out to open
air. Two months before the experiment the seedlings were returned to the
greenhouse.

Exposition to 0.75 ppm SO?2 was applied to 48 seedlings. The experiment
was conducted in May, over 48 hours, and every 8 hours 4 seedlings following
fumigation and 4 controls for each provenance were taken out of the chambers
and the extraction was conducted immediately. Treatments and analyses were
made in the same way as in the first experiment.

RESULTS AND DISCUSSION

Results of the first experiment (Table 1) have shown that the six hours'
action of sulphur dioxide caused significant changes in the level of o-dPh and
TPh and nonsignificant changes in the level of m-dPh. The course of these
changes was similar in each group of phenols; it was nonlinear and the increase
was observed at concentrations of 0.5 and 4 ppm SO2, while for 0.25, 1 and
2 ppm the content resembled the control (Fig. 1).

Table 1

Mean ortho-diphenols, meta-diphenols and total phenols in needles of Scots pine subjected to the
action of 0.25; 0.5; 1; 2 and 4 ppm SO2 for 6 hours.

so? o-dPht m-dPh? TPh!
Control 28.1 a 171 a 9.1 a
0.25 279 a 171 a 110.7 ab
0.5 325 b 18.7 a 1252 b
1 28.1 a 18.7 a 111.2 ab
2 28.4 a 16.3 a 108.6 ab
4 332 b 20.7 a 116.8 ab

1 Expressed as gM chlorogenic acid g~* f.wt. of needles.
2 Expressed as gM catechin g_1 f.wt. of needles.
Values indicated by the same letter are not significantly different with a confidence level of P<0.05.

The above described increase and subsequent decrease of phenolic com-
pounds content in the range of SO2 concentration 0.25-2 ppm is similar to the
results of experiments in which plants were treated with ozone (Howell 1970).

http://rcin.org.pl



46 MJ. GIERTYCH and P. KAROLEWSKI

Howell suggests that the influence of O3 on activity of enzymes connected with
metabolism of phenolic compounds and processes of redox resulting in an
initial increase in phenolic compounds level and then a decrease, are caused by
an increased activity of biosynthetising enzymes and later by the oxidation,
polymerization and utilization in respiration processes of phenols. The
utilization of phenolic compounds in respiration processes was shown by the
studies of Tomaszewski (1961). However, Ballantyne (1973) and Koziol
and Jordan (1978) point at the great role of respiration in the regeneration
processes by plants treated with SO2

Fig. 1. Changes of ortho-diphenols (o-dPh), meta-diphenols (m-dPh) and total phenols (TPh)
content in Scots pine needles subjected to the action of SO2, expressed as a percentage of the
control treated as 0%. *¢ Significantly different from control at P<0.05.

The observed by us increase in phenolic compounds level in seedlings
subjected to the action of SO2 at concentration 4 ppm could have been caused
by degradation processes because SO? in the higher concentration caused
decreased activity of the Krebs cycle enzymes (Pierre and Queiroz 1981)
and decreased the intensity of respiration (Karolewski 1989).

Accumulation of phenolic compounds in plants is a negative process and
causes inactivation of enzymes with -SH groups (Butt 1972), inhibition ATP
synthesis (Dedonder and Van Sumere 1971a), increase respiration
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(Dedonder and Van Sumere 1971b), inhibition of photosyntesis (Ashton
and Crafts 1973) and changes in the permeability of membranes (Hess
1958). On the other hand, a high content of phenols in the intermediate zone
between necroses and visually undamaged tissues can be associated with
defence processes (Scalbert and Haslam 1987; Mireku and Wilkes 1988;
Karolewski 1990). The mechanism of response to sulphuric acid treatment
seemed to be a “switching on” of a defence mechanism which led to
a histologically visible increase in phenolic production after 24 h of exposure to
sulphuric acid pH 2.5 and 3 days of pH 3.5 (Zobel and Nighswander 1991).
Our result and the described literature data compel one to careful inter-
pretation of the observed pattern. The course and intensity of changes in
phenolic compounds content has a complicated character and is dependent on
the duration and concentration of toxic gas action and additionally on the type
of injury.

Table 2

Mean ortho-diphenols, meta-diphenols and total phenols in needles of two provenances: the less
tolerant, no. 9, and the more tolerant, no. 15, of Scots pine subjected to the action of 0.75 ppm SO2
for 8, 16, 24, 32, 40 and 48 hours.

o-dPh! m-dPh? TPhi

Time N3 9 15 9 15 9 15

C4 24 158 cd 199 a 42 a 54 a 470 b 52.5 ab
8 4 18.1 a 167 b 4.0 a 43 a 53.8 ab 416 ¢
16 4 14.7 d 197 a 41 a 52 a 313 ¢ 43.8 be
24 4 15.8 bed 19.6 ab 41 a 52 a 51.8 ab 54.8 a
32 4 17.1 abc 21.2 a 48 a 56 a 62.1 a 58.4 a
40 4 17.7 ab 19.4 ab 40 a 50 a 583 a 59.0 a
48 4 17.1 abc 203 a 46 a 52 a 48.7 ab 50.2 abc

1 Expressed as [IM chlorogenic acid g_1 f.wt. of needles.
2 Expressed as gM catechin g_1 f.wt. of needles.
3 Number of assays.

4 Control.
Values indicated by the same letter are not significantly different with a confidence level of P<0.05.

In the literature there are data connecting natural content of phenolic
compounds with sensitivity of trees to the biotic factors action (Feldman and
Hanks 1968), but there is lack of such data in the case of toxic gases. In the
second experiment we used seedlings of two provenances of Scots pine,
differing in sensitivity to SO2 (Oleksyn et al. 1988) and having naturally
different content of phenols (Table 2). The more tolerant provenance (no. 15)
had significantly more phenols of all the studied groups than the less tolerant
(no. 9). During this experiment, SO? did not cause significant changes in the
content of o-dPh, m-dPh and TPh in the more tolerant provenance (Fig. 2)
(significantly higher level of m-dPh after 24 hours was probably caused by the
accidentally low content in the control). Sulphur dioxide had an influence on
the content of o-dPh and TPh only in the sensitive provenance (Fig. 3). The
character of reaction is similar to that obtained in the first experiment.
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Fig. 2. Changes of ortho-diphenols (o-dPh), meta-diphenols (m-dPh) and total phenols (TPh)

content in needles of the more tolerant provenance of Scots pine subjected to the action of 0.75

ppm SO2, expressed as $ percentage of the control treated as 0%. ** Significantly different from
control at P<0.05.

Fig. 3. Changes of ortho-diphenols (o-dPh), meta-diphenols (m-dPh) and total phenols (TPh)

content in needles of the less tolerant provenance of Scots pine subjected to the action of 0.75 ppm

SO2, expressed as a percentage of the control treated as 0%. * Significantly different from control
at P<0.1.
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The significant changes in the level of phenolic compounds only for the less
tolerant provenance, which has smaller natural content of these substances,
could suggest that this natural concentration of phenolic compounds deter-
mines sensitivity of the plant. Confirmation of this thesis would require study
on a greater number of provenances.

The obtained results point to:

- nonlinear character of phenolic changes in needles of seedlings treated
with SO2 and express an increase at the beginning, a subsequent decrease and
then an increase again,

- similar changes occurring in all the studied groups of phenols,

- a different reaction to SO? of two provenances, differing in sensitivity and
content of phenolic compounds.
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Zmiany zawartosci zwigzkéw fenolowych w igtach siewek sosny zwyczajnej
(Pinus sylvestris L.) wywotane krotkotrwatym dziataniem dwutlenku siarki
STRESZCZENIE

Badano zmiany zawartosci zwigzkéw fenolowych z rozréznieniem na trzy grupy: orto-
-dwufenole, meta-dwufenole i sume wszystkich zwigzkéw fenolowych, w igtach siewek sosny
zwyczajnej (Pinus sylvestris L.) poddanych dziataniu SO2. W przypadku pierwszego doswiadczenia

http://rcin.org.pl



CHANGES IN PHENOLIC COMPOUNDS CONTENT IN NEEDLES OF SCOTS PINE 51

zmienng byto stezenie gazu, a w przypadku drugiego czas ekspozycji. Stwierdzono, ze zmiany
zawartosci majg charakter nieliniowy: po poczatkowym wzroscie nastepuje spadek do poziomu
kontroli, a nastepnie ponowny wzrost. Wzrost zawartosci zwigzkéw fenolowych moze by¢
zwigzany z procesami obronnymi, a w dalszym etapie degradacyjnymi. Odmienna reakcja u dwoch
proweniencji, réznigcych sie wrazliwoscig i naturalng zawartoscig zwigzkéw fenolowych moze
sugerowac determinujacy wptyw zwigzkow fenolowych na wrazliwo$¢. We wszystkich badanych
grupach zwigzkéw charakter zmian jest podobny.
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