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Abstract .

Chlorophyll and pheophytin content was determined by means of Vernon
method (Vernon, 1960) in needles of different age. Needles of Pinus
strobus L., Pinus nigra Arnd., Pinus silvestris L., and Pseudotsuga men-
ziesii Franco growing under conditions of chronic industrial pollution as
well as under unpolluted conditions were examined. High pheophytin content
was found in needles of trees growing under the conditions of chronic pol-
lution. The youngest needles always showed the highest pheophytin content
as related to chlorophyll content.

The examined species showed different degree of chlorophyll decomposi-
tion under the influence of polluted environment. Trees growing under

control environment showed small and similar amounts of pheophytin in
needles of different age.

Pheophytin content does not seem to be a convenient indicator to test

the effect of pollution before visual symptoms occur, since the method is
very labourious and plant material very wvariable.

INTRODUCTION

The aging of assimilatory organs is accompanied by changes in the
quality and quantity of assimilatory pigments (review — Szaniaw-
s ki, 1976). Pheophytins are the first products of chlorophyll decomposi-
tion under the conditions of air polluted with gases like SO,, NO,, chlo-
rine, fluorine. The effect of air pollutants on the assimilatory pigments
and their further decomposition is not known very well. There is also
a lack of data as to the changes of pheophytin content in needles of
different age. However, the results of some investigations showed the

* The research was carried out with partial financial assistance of the Polish
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possibility of using chlorophyll content and the amount of the products
of chlorophyll decomposition as an indicator of assimilatory organs
ageing as well as of the degree of environment pollution. Literature data
concerning this problem are fragmentary and often contradictory (D6 r-
ries 1932; Costes 1 Coic 1957; Miuller 1957; Weinstein
1961; Jamrich 1968; Didssler 1970; Arndt 1971; Ilkun 1971),
which is connected with methodical difficulties in determining the
content of pigments and the products of their decomposition as well as
with the variability of plant material.

The purpose of this work was to determine the content of chloro-
phylls and pheophytins in needles of different age of several coniferous
species originating from a region subject to chronic industrial pollution.

MATERIAL. AND METHODS

Samples of plant material were taken at the end of the growing
season (September 1975) — from 12—14 year old trees at Rogow Arbo-
retum and at Panewnik Forest District. (near Katowice). The experi-
mental area at Panewnik was in the zone of the heavy industrial stress.

The following species were examined: Austrian pine (Pinus nigra
Arnd.), white pine (Pinus strobus L.), Scots pine (Pinus silvestris I1..),
Douglas fir (Pseudotsuga menziesii Britt.). Two shoots were taken from
the base part of the crown from each of the five trees chosen for
examination.

According to the data of sanitary and epidemiology service station
in Katowice the industrial pollution at Panewnik consists of: SO,, NO,,
H,S, sulphates, sulphides, nitrates, nitrites, chlorine and fluorine com-
pounds, aluminium oxides, coal dust, ammonia, and heavy metal dust
(Zn, Pb, As.).

The method by Vernon (1960) seemed to be most usefull for
comparative determinations of a large number of samples. Needle
samples of 2g fresh weight were homogenized in 80° acetone by
3-5 minutes in the dark and under low temperature conditions. The
extract was filtered through a fritted glass filter to 250 ml flasks. A por-
tion of 97 ml of this extract plus 3 ml of 80%» acetone was used for
chlorophyll content analysis, while the other portion of 97 ml of the
extract plus 3 ml of oxalic acid saturated with acetone solution was
used for inversion to pheophytins. Measurements of pigments content
were carried out, with a VARIAN 635 spectrophotometer, after 3 hours
of incubation in the dark and under room temperature conditions.
Pheophytin content was determined from the difference between the
converted and chlorophyll samples. Absorption of the chlorophyll sam-
ples was read at wavelengths: 649, 665 nm; and of the converted
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samples at wavelengths: 536, 655, 666 nm. Pigment content was cal-
culated according to the formulas by Vernon (1960).

Vernon'’s work was carried out on spinach, pea, and bean leaves.
Our preliminary methodical work showed divergence of results obtained
with the use of different formulas reported by Vernon for calculating
pheophytin content. Thanks to the kindness of prof. dr D. Frgcko-
wiak and mgr A. Skowron, from Institute of Physics Poznan-
Technical University, Vernon’s absorption coefficients were checked on
needles samples. The usefulness of these formulas for analysis of coni-
ferous material was proved.

RESULTS

The results of analysis (Tab. 1-4) indicate the increase of chlorophyll
content with needle age of three pine species and Douglas fir. The
highest chlorophyll content was found in needles of white pine, lower,
in Scots pine and Douglas fir and the lowest in Austrian pine. The
same tendency holds for both the trees growing under conditions of
chronic industrial pollution and the control ones.

A high pheophytin content was found in needles of trees growing
under the conditions of chronic pollution. Pheophytin b was found in
greater amounts than pheophytin «. The youngest needles always
showed the highest content of pheophytins. Pheophytin content decreas-
ed considerably with needle age. It decreased by 50—70% in 1-2 year
old needles as compared to the current year ones. The highest pheo-
phytin content, as related to chlorophyll content, was found in needles
of white pine — 30%, then in Austrian pine — 250, in Douglas fir —
2094, and the lowest in Scots pine — 7%. Needles of Scots pine showed
the lowest content of pheophytins both under the chronic pollution con-
ditions and under the control ones. Pheophytin ¢ was not found in
needles of Scots pine. In needles of Austrian pine, it was not found
in trees growing under control conditions. The other species always
contained pheophytin a in their needles. Needles of different age from
trees growing under control conditions showed similar pheophytin con-
tent. Pheophytin content, as related to chlorophyll content, was found
to be: 10—8% in white pine, 4% in Austrian pine, 6% in Scots pine,
and 11—6%s in Douglas fir needles of various age of control trees.

DUSCUSSION

Dérries (1932) was the first to use the decreasing content of
assimilatory pigments as an early test of the effect of pollution. The
results of other authors indicated that changes in chlorophyll content
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are proportional to the degree of pollution (Mtller, 1957; Jamrich,
1968; I1k un, 1971). Decrease in the content of carotenoids was also
found to be an index of air polluticn (Miiller, 1957; Il1kun, 1971;
Arndt, 1971). There is no clear picture, however, as to the content
of pheophytins. Miiller (1957) showed, on 2-year old fir seedings
treated with SO, that the decrease in chlorophyll content was accom-
panied by the accumulation of pheophytin a and b. Similar results, on
Pelargonium treated with Cl, and SO,, were reported by I1kun (1971).
Other authors did not find increasing pheophytin content in assimi-
latory organs damaged by smoke (Dassler 1970, 1972; Arndt, 1971).
Considering his own results and those reported in literature Arndt
(1971) concluded that under the conditions of industrial pollution chloro-
phylls would not convert to pheophytins unless SO,, HF, HCl caused
significant pH changes within the leaf.

Some authors suggest to use examining of chlorophyll a regeneration
as a test for the degree of damage caused by harmful gases, particulary
SO, (Miller, 1957). Chlorophyll o is not regenerated after injuries
caused by drought or frost. The content of carotenoids as related to
chlorophyll content was also proposed as an indicator of the degree
of pollution effect. There were suggestions to consider the gradual
decrease in chlorophyll a content as a measure or ageing of the assimila-
tory organs (Costes and Coi, 1957). The decrease in chlorophyll a
content was explained to result from: decreased synthesis of proto-
chlorophyll (Mc Nulty, Newmamn, 1961), obstructed biocatalytic
function of Fe in the chloroplasts (Mez, 1963), broken protein-
chlorophyll complex caused by coagulation or hydrolisis of the protein
part of the complex (I1kun, 1971).

The result of our experiments showed that pheophytin content
decreased with needle age. Perhaps pheophytins are only an intermediate
product of chlorophyll decomposition and they are not accumulated.
The next stage of pheophytin degradation is their decomposition, to
pheophorbides and porphirins by dissociation of phytol from pheophytins,
catalyzed by chlorophylase (Willstdtter, Stoll, 1928). The
different reaction, of particular species examined here may also be
explained this way. Austrian pine is thought to be a species rather
resistant to pollution, whereas Scots pine, on the contrary, a very sen-
sitive one. Needles of Austrian pine showed a high pheophytin content
while those of Scots pine a very low one. This may be connected
with various rate of further pheophytin decomposition in both species.

The high pheophytin content in the current year needles may be
explained by high susceptability of young, fully developed needles to
acid gases (Bobrov, Solberg, Scot, 1962; Menser, Heg-
gestad, Street, 1963). It is, probably, the result of intensive gas
exchange which causes easier peneration of SO, through the stomata
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(Mamajew, 1968; Vogl i Bortitz, 1965). Older needles were
shown to absorb considerably smaller amounts of SO, or HF com-
paring to the current year needles (Godzik, 1968; Knabe, 1968).
It is, undoubtedly, connected with the structure of the epidermal tissue
(Ilkun, 1971). The increasing Ca content with needle age (Némec,
1935; T a m m 1964) may affect cell pH in older needles and also hinder
the conversion of chlorophylls to pheophytins.

Our results showed different pheophytin a and b content in needles
of particular species. The turnover of chlorophyll e is faster comparing
to that of chlorophyll b (Joslyn, Mac Kinney, 1938). The higher
pheophytin b content found may result from faster turnover of chloro-
phyll a to pheophytin and its faster further degradation.

Reasuming, one can conclude that pheophytin content seems not
to be a satisfactory test to determine the degree of changes in assimi-
latory organs before evident symptoms occur although large dif-
ferences between control plants and those from polluted environment
were found. Such a conclusion is drawn mainly because of laborious-
ness of the method (large number of samples), as well as large dif-
ferences in pheophytin content connected with other causes than the
pollution effect, such as needle age, species, environment.

Needles of trees growing under control conditions contained similar
amounts of pheophytins. Pheophytin content does not reflect changes
undergoing in the ageing assimilatory organs. Changes of chlorophyll
content, seems to be a better indicator. Changes of chlorophyll con-
tent in needles of different age were investigated by Godniev,
Chodasevick, Arnautova (1969). They found that 80 of
the maximal chlorophyll amount was synthetized during the first
growing season. The other 20°% is synthetized in the following years
of needle life. Considerable decrease in chlorophyll content is observed
just now in the last year of needle life. The changes of chlorophyll
content with needle age, observed in our investigation, are consistent
with literature data (review — Szaniawski 1976).
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Zawartosé chlorofilu i feofityn w igliwiu réznego wieku drzew rosnacych
w warunkach chroniczrnego oddziatywania zanieczyszczen powietrza

Streszczenie

W igliwiu rdZnego wieku wejmutki (Pinus strobus L.), sosny czarnej (Pinus
nigra Arn.), sosny zwyczajnej (Pinus silvestris L.), daglezji (Pseudotsuga menziesii
Franco), rosnacych w warunkach chronicznego oddzialywania zanieczyszczen po-
wietrza (Panewnik k/Katowic) i w warunkach kontrolnych (Arboretum w Rogo-
wie) okreslono zawartoéé chlorofilu i feofityn metoda Vernona (1960).

Stwierdzono duzg ilo&é¢ feofityn w igliwiu drzew poddanych chronicznemu
oddzialywaniu zanieczyszczen przemyslowych. Najwieksza ilo§é feofityn wykazaly
zawsze igly najmiodsze (20—30% w stosunku do chlorofilu). Badane gatunki
drzew wykazaly roiny stopien rozkladu chlorofilu pod wplywem skazenia §rodo-
wiska. Najwickszg ilo§é feofityn stwierdzono kolejno u wejmutki, sosny czarnej
i daglezji. U sosny zwyczajnej stwierdzono nicwielks ilo§é feofityny b i brak feo-
fityny a. :

W igliwiu drzew rosnacych w warunkach kontrolnych stwierdzono niewielkie
i prawie jednakowe ilo§ci feofityn w fgliwiu rdéznego wieku. Najwiecej feofityn
stwierdzono w igliwiu wejmutki i daglezji (§rednio ok. 10%), niewielkie u sosny
zwyczajnej i czarnej (Srednio ok. 5%). U sosny zwyczajnej i czarnej nie stwierdzo-
no wystepowania feofityny a.

Zawarto$§¢ chlorofilu zwiekszala sie wraz z wielkiem igliwia zaréwno u ro$lin
rosngcych w warunkach chronicznego. oddzialywania zanieczyszczen powietrza jak
i kontrolnych. Zawarto§é feofityn nie wydaje si¢ byé zadowalajacym wskaznikiem
wplywu zanieczyszczen powietrza (przed wystapieniem symptomow jawnych) ze
wzgledu na pracochlonno§é metody, jak rowniez duza zmienno§é materiatu
roflinnego.
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