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DYNAMICS OF SULPHUR CONTENT IN BIRCH LEAVES DURING
VEGETATION PERIOD UNDER THE CONDITIONS OF AIR POLLUTION

SUMMARY. This article is devoted to the study ofthe sulphur content dynamics reflecting
ontogenesis ofa leafduring vegetation period. Thisfigure, calculated per unit ofsurface
of light and shadow leaves, fresh and dry mass and water weight, increased under the
conditions ofpollution during the whole vegetation period, and within control - only until
the middle ofthe vegetation, remaining at this level until it is completed. Most significant
increase ofsulphur contentin light and shadow leaves tookplace in the middle ofvegetation
period (in July), when environmental conditions are the bestpossible. The most significant
increase ofsulphur content at this time was on the site with average degree ofpollution.
On the site with high degree ofpollution, this indicator was close to control. This can be
explained by a more negative impact of sulfur dioxide on photosynthesis on the highly
pollutedsite. This impact reduced the gas exchange rate ofleaves with the environment and
reduced the absorption ofsulfur dioxide. Sulfur content per chlorophyll mass unit during
vegetation period (exceptfor its end) remained practically unchanged, both within control
and under the conditions ofpollution. At the end ofthe vegetation (September), thisfigure
increased at all sites. The degree ofthefigure increase clearly reflected the degree ofthe
site pollution. The indicator ofsulfur contentper chlorophyll mass unit reflected the degree
ofnegative impact ofsulfur dioxide, but not the level ofits accumulation in the leaves. The
quantity ofsulfur accumulation in the leaves, with all methods ofcalculation ofits content,
during the whole vegetation period, corresponded to the degree of the birches site
pollution.
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It is generally considered that the level of sulphur in leaves is highly fluctuating
even in usual circumstances, that is why this figure serves as a indicator [1]. Other
authors claim that the level of sulphur in leaves can be used as an indicator of sulphur
dioxide consumption, but not as a criterion for estimation of negative consequences
of this fact [2]. Sulphur dioxide consumption by leaves depends on the speed of
photosynthesis which changes in leaf ontogeny [3]. The speed of photosynthesis
increases from the phase of leaf expansion till the end of its formation and decreases
after it. So it can be supposed that the dynamics of sulphur accumulation in leaves in
polluted air conditions has the same characteristics as in the usual circumstances: it
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increases during the maturing of leaf and decreases by the end of a leaf’s life. As
sunleaves and shadeleaves differ in the speed of photosynthesis they can also differ
in the level of sulphur accumulation in the polluted air conditions. The presented
research is aimed at the study of sulphur level accumulation dynamics in the ontogeny
of sunleaves and shadeleaves of birch trees growing in the conditions of air polluted
by sulphur dioxide.

The level of polluting substances in plants is generally measured according to the
units of dry weight. But the size of dry weight can due to some reasons vary [4],
impacting the figure itself. Two leaves can contain the same amount of sulphur, but
one ofthem can have the higher size of dry weight (e.g. due to amylum level), and
because ofthat the level of sulphur per unit ofdry weight in this leafis lower. In order
to have more objective image of sulphur level dynamics in leaves we used several
different ways to calculate this figure.

Material and methods of research. For the research we used silver birch (Betula
pendula Roth) growing at the distance of 1.5, 3 and 11 kilometers from the pollution
source. Annual emission ofthis source is approximately 70 thousand tons of sulphur
dioxide. 15 trees per site were chosen for this research. The site located 11 kilometers
from the pollution source was supposed to be a control one, while the sites in 1.5 and
3 kilometers’ proximity from the source were called test sites 1 and 2.

The leaves for analysis were taken from the low south west part of a tree crown
facing the exposed place. The leaves were collected 4 times per vegetation period
from June to September in the beginning of every month. Sunleaves were taken from
the outside of a tree crown, and shadeleaves were taken from the inside. Each type
of leaves was used for making excisions of prechosen size. Total chlorophyll level
was estimated in each excision (a+b) according to Amon [5]. The total level of sulphur
in dry birch and pine leaves was estimated according to Y.l. Maslov [6]. Fresh and
dry (afterdrying at 105°C) masses and total water level were estimated in each excision.
The level of sulphur was estimated in mgper nr2 of a leaf space, per m'l of dry and
fresh mass, per mg'l of chlorophyll and per g-' of water. Arithmetical mean and its
error were taken for each calculation. Statistical significance was estimated according
to Student’s test with p < 0.05-0.001.

Results and measurement. The level of sulphur per unit ofleafsurface increased
from June to August in all three sites with both types of leaves (pictures, la, b).
This increase is connected with the increase of dry mass per unit of leaf area, being
connected with its growth. By the beginning of September the figure was increasing
only on test sites. It was higher by 27-68% for sunleaves and by 22-63% for
shadeleaves. The trend of the figure being higher (by 3-18%) for sunleaves was
observed on all the sites. It is connected with the fact that dry weight of area unit
of sunleaves is usually bigger than the one of shadeleaves [4]. It concerns birches
too [7]. Dry weight per area unit of sunleaves on test sites was verifiably higher by
15-20% than of shadeleaves. This trend was observed on test sites (4-16%). It is
connected with spareness of tree crowns on test sites, especially on the first one,
increasing lighting of shadeleaves and decreasing the gap between shadeleaves and
sunleaves
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Picture 1. Sulphur level per area unit (A, B) and per chlorophyll weight unit (C, D)
in sunleaves (A, C) and shadeleaves (B, D) of a birch tree.

Notations. Test site 1(1.5 km from the pollution source) - black bars, test site 2 (3 km from
the pollution source) - grey bars, and control site (11 km from the pollution site) — white bars

Sulphur level per weight unit of chlorophyll for June changed only slightly on all
the sites (pictures Ic, d). It is connected with the increase of chlorophyll level during
leaves growth in June. On the control site the level of sulphur per weight unit of
chlorophyll during the ontogeny ofleafs was changing varying in both leaftypes from
0.2 to 0.3 mg mg'l with an increase in September up to 0.66 due to the decrease of
chlorophyll level (the beginning of autumn leaf color) (pictures Ic, d). The increase
of sulphur level per weight unit of chlorophyll on test sites was observed in the
beginning of August, reaching the largest scale in the beginning of September. It is
connected with the speeding of leaves aging of plants growing in the conditions of
air polluted by high sulfurous gases [8]. Sulfur dioxide combustion leads to the decrease
of chlorophyll level in leaves [9]. In our case the decrease of chlorophyll level on the
test sites in the end ofvegetation period reached the largest scale. It led to the dramatic
increase of sulfur level per weight unit of chlorophyll on these sites (pictures c, d).
This figure on test site n.2 was 2.4 times higher and on test site nl it was 5-6 times
higher than on control ones. Generally on the test sites this figure is verifiably higher
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by 30-509% for sunleaves and 21 -417 for shadeleaves. On the control site and on site
n.2 shadeleaves and sunleaves did not differ significantly according to this parameter.
More polluted site n.l showed the trend of higher rate ofthis figure (by 12-18%) for
sunleaves as compared to shadeleaves. It should also be noted that this figure shows
the measure of negative sulphur dioxide impact made on birch trees as compared to
the level of sulphur accumulation in leaves.

Picture 2. Sulphur level per fresh (A, B) and dry (C, D) weights and per water weight (E, F)
for sunleaves (A, C, E) and shadeleaves (B, D, F) of birch

Same notations as in Picture 1
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The character of season dynamics of sulphur level per weight unit (fresh, dry or
wet) was identical for both types of leaves (Picture 2). On all the sites these figures
were increasing from July to August. But further from August to September on the
control sites the levels were stable at August rate, while the test sites showed the
increase in sulphur levels. On site n.1 this increase was the highest (Picture 2).

During the vegetation period the verifiable increase of sulphur level per weight
unit (fresh, dry or wet) for site n.I showed for both leaftypes 31-34, 39-40 and 26-
29% accordingly, and for site n.2 — 15-17, 19-20 and 10-16%. More significant
increase of sulphur level per dry weight unit was caused by significant decrease of
dry weight unit per leaf area by the beginning of September on the test sites. On test
site n.1 the increase in sulphur level in this period was more significant than on test
site n.2. It is connected with more fast ageing of leaves on test sites that causes the
outflow ofproducts ofcells degradation from leaves to other parts ofa plant, therefore
being connected with a partial loss of dry weight.

The level of sulphur per fresh weight unit on test sites every month was verifiably
higher that on control sites by 27-69% for sunleaves and by 12-57% for shadeleaves
(Pictures 2a, b). The figures ofthis parameter for sunleaves and shadeleaves are very
close (within the limits of statistical error).

The level of sulphur per dry weight unit on test sites was verifiably higher than
on the control site for sunleaves by 15-65% (except July for site n.2), while for
shadeleaves it was observed only in the half ofall the cases (by 32-48%, Pictures. 2c,
d). This figure was, in general, close for sunleaves and shadeleaves. In some cases
the trend was observed that shadeleaves on the control sites (3-7%) and sunleaves on
test site n.1 (by 9%) show higher numbers. Definitely this figure is impacted by the
fluidity of dry weight of a leaf during the vegetation period (for example, due to
amylum) [4]. It is known that excessive accumulation ofamylum in leaves serves as
a symptom of unfavourable conditions for plants growth [10]. It is usual in the
conditions of air pollution by sulphur gases [11].

The level of sulphur per water weight unit on test sites was verifiably larger by
15-72% for sunleaves and 22-64% for shadeleaves (Picture 2 e, f). There was also a
trend of big importance of this figure (by 4-12%) for sunleaves as compared to
shadeleaves. The variability ofwater constitution per area unit during the vegetation
period was quite small. On a more polluted site n. 1 both types of leaves had a trend
of consequent decreasing of water amount during the vegetation period. But monthly
decrease of it was not exceeding standard error of meaning. Test site 2 and the control
site observed scarce increase of water level only for the beginning of July with
consequent decrease by August (all within the standard error of meaning). As a result
ofconsequent decrease ofwater level during the vegetation period the level ofsulphur
per weight unit of water for both types of leaves was verifiably higher on site n.l as
compared to the control side (by 47%), while on site n.2 it was higher only by 31%.
This difference can be caused by the negative impact of severe pollution on water
regime ofa leaf.
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The effect of the source of pollution on the level of sulfur in the leaves appeared
to be the least remarkable, when it was calculated per a unit of dry weight, and the
most - when calculating its mass per a unit of chlorophyll. The latter is connected
with a strong negative impact of sulfur dioxide on the level of chlorophyll. Changing
the level of sulfur in the leaves of both types during the vegetation was significant
with all methods of calculation and at all sites, including the control group (see the
table). The greatest increase in the level of sulfur in the leaves in all cases occurred
in July, when the formation of leaves finished. This phenomenon can be explained as
follows. It is known that gaseous pollutants in the air get in the leaves during gas
exchange with environment. The intensity of gas exchange is determined by
photosynthesis. The speed of photosynthesis per a unit of area increases with the
growth and development ofa leafand reaches its peak during the completion ofthese
processes, and then it decreases [3]. This is also characteristic of birch leaves [12].
Young leaves, during their growth and development, most actively absorb the sulfur
dioxide [13, 14].

Change of sulphur level in sunleaves and shadeleaves of birch during

the vegetations (a monthly percent; plus — increase, minus — decrease)
Leaves
Sites Sun Shade
June July August June July August
Sulphur, mg m 2 of leaf area
Control +34 +40 -1 +25 +51 -1
Site 2 +18 +63 +10 +22 +72 +8
Site | +22 +52 +15 +17 +53 +14
Sulphur, mg g'l of fresh weigh
Control +20 +43 -2 +17 +49 -2
Site 2 +1 +66 +12 +6 +69 +9
Site | +14 +39 +23 +9 +45 +22
Sulphur, mg g’l ofdry weigh
Control +14 +27 +1 +10 +31 -2
Site 2 +13 +49 +18 -16 +44 +16
Site | -3 +35 +33 -8 +28 +33
Sulphur, mg g! of water

Control +23 +52 -3 +22 +58 -2
Site 2 +14 +78 +8 +18 +83 +5
Site 1 +25 +57 +17 +18 +56 +16

On average, according to the four methods of calculation, the increase in the level
of sulfur during July at sites 1,2, and at the control site in sunleaves and shade leaves
was 46,64,41 and 46,67,48% respectively (see the table). According to this indicator,
sunleaves and shade leaves did not only stay similar, but also in the control group and
at less polluted site 2 there was a trend for an increase in the level of sulfur in shade
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leaves compared with sunleaves. This suggests that the speed of photosynthesis in
shade leaves was not lower than that in sunleaves.

It is known that the speed of photosynthesis in shade leaves of the birch is lower
than that of sunleaves [15], but this speed was calculated per a unit of a leaf area,
which in the shade leaves is longer than in sunleaves. Thus, the speed ofphotosynthesis
in a whole shade leaf cannot be lower than that in a whole sunleaf. Since the control
group in August practically accumulated very little sulfur in the leaves, unlike the
experimental plots (see the table), it can be assumed that accumulation of sulfur in
the leaves of control group went mainly through the root system and not through the
air. Thus, the degree of sulfur accumulation in the leaves will normally depend on the
rate of photosynthesis during the growth and formation ofthe leaves and on the level
of soluble sulfur compounds in the soil. This may explain the significant fluctuations
in the level of sulfur in the leaves as a norm [1]. The smaller degree of sulfur
accumulation at more polluted site 1 in July, in comparison with site 2 (see the table),
can be attributed to the strong negative effect ofthe sulfur dioxide on photosynthesis
[10] at site 1. However, this decline is likely to occur only during the absorption of
sulfur dioxide and for some time afterwards. For the rest oftime the leaf mesophyll
cells, maintaining the vitality, developed the speed of photosynthesis not lower than
the control group. This allowed us to increase the level of sulfur (taking the average
according to four methods of calculation) in the sunleaves to 69 respective of the
control at experimental site 1 and by 43% at site 2. Since the air pollutants like the
sulfur dioxide absorbed by the leaf may move in the phloem and xylem [16], then
part of the sulfur was, obviously, transported by the phloem in other plant organs.
Hence, the determined level of sulfur in the leaves at experimental sites does not
reflect the full amount of the absorbed sulfur dioxide, which was the reason for the
negative effects in plants. This can serve as a basis for skepticism, concerning the
measurement of the level of sulfur in the leaves to assess the extent of the negative
action of sulfur dioxide in plants [2].

Thus, during the leaf growth and formation (June - July), the level of sulfur
increased, both in the experiment and in the control group ofthe two types of leaves.
The greatest increase was at all sites in July. In general, during the vegetation, at the
experimental site the level of sulfur accumulated in the leaves was higher than in the
control group. The highest accumulation of sulfur in July was at site 2, while at site
1 it was close to the control group. The decrease ofthe amount of chlorophyll during
vegetation in conditions of pollution, compared to the results in the control group,
connected with the increase in the level of sulfur per one leaf area, results in a
significantly greater increase in the level of sulfur per a mass unit of chlorophyll.

REFERENCES

1. Threshow, M. Diagnosis of air pollution effects and similarity of symptoms //
Zagrjaznenievozduha izhizn'rastenij [Air pollution and plant life]. / Transi, ft. Eng. Leningrad,
1988. Pp. 126-143. (in Russian).

2. Guderian, R. Zagrjaznenie vozdushnoj sredy [Air pollution], Moscow, 1979. 200 p.
(in Russian).

Tyumen State University Herald. 2013. No. 12



Dynamics ofsulphur content in birch leaves during... 91

3. Mokronosov, A.T. Ontogeneticheskij aspekt fotosinteza [Ontogenetic aspect
of photosynthesis]. Moscow, 1981. 196 p. (in Russian).

4. Vasfilov S.P. Analysis ofthe causes of variability ofthe dry leaf mass-per-area ration.
Biol Bull. Reviews. 2012. V. 2. Ne. 3. P. 238-253

5. Gauvrilova, V.F., Ladygina, M.E., Handobina, L.M. Bolshojpraktikum po fiziologii
rastenij. Fotosintez. Dyhanie [Extended practical course in phytophysiology. Photosynthesis.
Breathing], Moscow, 1975. 392 p. (in Russian).

6. Maslov, Ju.l. Sulphur microdetermination in plant material // Metody biohimicheskogo
analiza [Methods ofbiochemical analysis], Leningrad, 1978. Pp. 146-154. (in Russian).

7. Cel'niker, Ju.L. Fiziologicheskie osnovy tenevynoslivosti rastenij [Physiological basics
of shade tolerance of plants], Moscow, 1978. 215 p. (in Russian).

8. Vasfilov, S.P. Possible ways ofacid gases negative impact on plants. Zhurnal obshhej
biologii — General Biology Journal. 2003. Vol. 64. Ne. 2. Pp. 146-159. (in Russian).

9. II'kun, G.M. Gazoustojchivost' rastenij. Voprosyjekologii ifiziologii [Gas resistance
of plants. Problems of ecology and physiology]. Kiev, 1971. 146 p. (in Russian).

10. Edwards, G., Walker, D. Fotosintez C3— i C4—rastenij: mehanizmy reguljacii[C3,
C4: Mechanisms and Cellular and Environmental Regulation of Photosynthesis] / Transl. fr.
Eng. Moscow, 1986. 560 p. (in Russian).

11. I'kun, G.M. Zagrjazniteli atmosfery i rastenija [Atmospheric air pollutants and plants],
Kiev, 1978. 246 p. (in Russian).

12. Oleksyn, J., Zytkowiak, R., Reich, P.B., Tjoelker, M.G., Karolewski, P. Ontogenetic
patterns of leaf CO2 exchange, morphology and chemistry in Betula pendula trees. Trees.
2000. V. 14. Pp. 271-281.

13. Mal'hotra, S.S. Biochemical and physiological activity of priority pollutants//
Zagrjaznenie vozduha i zhizn' rastenij [Air pollution and plants life], Leningrad, 1988. Pp.
144-189. (in Russian).

14. Barahtenova, L.A. Air pollutants and pinus silvestris sulphur balance, threshold
concentration limits, protection effects. Sibirskijjekologicheskijzhurnal—Siberian Ecological
Journal. 1995. Ne 6. Pp. 478-494. (in Russian).

15. Atkinson, M.D. Betula pendula Roth (B. verrucosa Ehrh.) and B. pubescens Ehrh.
J. Ecology. 1992. V. 80. Ne 4. Pp. 837-870

16. Paul, R. Translocation du souffe d’origine atmospherique dons la plante. Bull. Soc.
Roy. Bot. Belg. 1976. V. 109. Ne 1. Pp. 13-23

ECOLOGY



