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UDK 630%*174.75 Pseudotsuga menziesii (Mirb.) Franco:630*181.45=111
Original scientific paper

CERTAIN HISTOLOGICAL CHARACTERISTICS OF DOUGLAS-FIR
NEEDLES IN DIFFERENT HABITATS

Milorad VESELINOVIC', Suzana MITROVIC', Dragana DRAZIC',
Dragica ST. ANKOV[CZ: Snezana RAJKOVIC',
Biljana NIKOLIC', Nevena CULE'

Abstract. Opencast coal mines of the Kolubara Mining Basin (Rudarski basen
Kolubara), with the accompanying power plants, are constantly exposed to air pollution.
Attempts have been made to mitigate the adverse impact on environment by means of
biological recultivation by afforestation of opencast mines’ tailing disposal sites.
Pseudotsuga menziesii Mirbel. Franco belongs to a group of species frequently used for
afforestation of such areas. Our studies, focused on substantiating the species’ resistance to
air pollution, involved an analysis of this factor’s effect on changes in needles. The paper
outlines the results of histological studies, which consisted of an analysis of diameter of
needle cross-section, along with an analysis of share of diameter of certain tissues in cross-
section.

Key words: needle tissues, air pollution, open pit coal mine

NEKE HISTOLOSKE KARAKTERISTIKE CETINA DUGLAZIJE NA
RAZLICITIM STANISTIMA

Izvod. Povrsinski kopovi uglja Rudarskog basena , Kolubara“ sa pratecim
energetskim  postrojenjima su po stalnim uticajem aerozagadenja. Bioloskom
rekultivacijom odlagalista jalovine povrsinskih kopova covek pokusava da ublazi negativne
uticaje na zivotnu okolinu. Pseudotsuga menziesii Mirbel. Franco je jedna od Cesto
koris¢éenih vrsta u poSumljavanju ovih prostora. NaSa straZivanja su usmerena na
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potvrdivanje otpornosti ove vrste na aerozagadenje i u okviru njih istraZivano je delovanje
ovog faktora na promene na Cetinama. U radu su prikazani rezultati histoloskih
istrazivanja koja su se sastojala u analizi dijametara poprecnog preseka cetina kao i
udela dijametra pojedinih tkiva u poprecnom preseku.

Kljucéne recdi: tkiva Cetina, aerozagadenje, povrsinski kop uglja

INTRODUCTION

Works related to opencast coal mining, coal combustion for power
generation, transport and treatment of lignite for the purpose of converting it into a
more valuable combustible material represent the main activities conducted in the
area of Kolubara Mining Basin. The result of these activities is a day-to-day
pollution of the environment.

In order to mitigate the adverse impact of pollution, along with other
measures, recultivation has been conducted of the terrain created by the disposal of
coal overburden layers. The problem of degradation of over 1,300 ha of tailing
disposal sites has been addressed by means of biological recultivation —
afforestation. For that purpose, a species frequently used in this process -
Pseudotsuga menziesii Mirbel - has been introduced in Serbia for the first time
(Smit & Veselinovi¢ 1986). In addition to a land degradation caused by the
opencast lignite mining, air pollution is particularly apparent in the Kolubara Basin
mining-energy complex. It exerts an adverse impact on the living world in the
immediate proximity of the mining-industrial complex.

A leaf zone represents a primary zone of impact of negative effects of gas
pollutants on plant species. For that reason, the studies have been focused on
investigation of changes in assimilation organs caused by air pollution, as an
indicator of resistance to air pollutants. The investigations of species Pseudotsuga
menziesii Mirbel. Franco are also important due to the fact that this plant is a fast-
growing species widely used in afforestation, particularly in landscaping of peri-
urban and industrial zones, on account of its decorative and other properties. As
early as in the 1970s, Dassler et al (1972) an Mayer (1978) emphasised the
importance of studies that would enable a selection of species resistant to air
pollution and create an opportunity for establishing stable forest plantations in the
zones exposed to a severe anthropogenic impact.

Various studies of extreme factors (stressors) proved that, contingent upon
their intensity and exposure time, they could cause more or less intensive negative
effects on plants (Wolff 1973, Goring 1982). Numerous authors have studied
changes in assimilation organs caused by air pollutants (Hartig 1896, Sorauer 1908,
Solberg et al 1955, Solberg & Adams 1956, Miller & Evans 1974, Smit & Davies
1978, Soikkeli 1981, Schoettle & Roshelle 2000, Kivimaenpaa et al. 2005, Haberer
et al. 2006, Fares et al. 2010). The common conclusion was that air pollutants, by
means of penetration into the inner part of leaf, effect changes in leaf structure. A
leaf is a fundamental laboratory for the most important life processes of plants
(assimilation, dissimilation, transpiration, etc.), therefore the morpho-anatomical
and histological structure of assimilation organs is of importance for the



functioning of these processes. A disruption of their entire structure or individual
segments impairs the basic life functions of a plant organism.

MATERIAL AND METHOD

The basic studies have been conducted among the Pseudotsuga menziesii
Mirbel. Franco. cultures planted during the course of recultivation by afforestation
in the Kolubara coal and energy basin. In this area, three sample plots under the
influence of air pollution have been selected (Zs) in the forest cultures of the
species Pseudotsuga menziesii Mirbel. Franco. aged over 30 years, whereas two
sample plots, outside the air pollution zone, have been selected as control units—
one containing cultures aged over 50 years, located in the Management Unit
‘Jelova Gora’ Forestry Office Uzice — the control unit (K1), and the other
containing cultures aged over 30 years, located in the Management Unit ‘Juhor I’
Forestry Office Jagodina — the control unit (K2).

For the purpose of our studies, one-year old and two-year old needles were
taken in autumn (October-November) and spring (April) from each sample plot.
The needle samples were taken from the central part of the crown, from the side
exposed to the source of pollution. In the control areas, samples were also taken
from the central part of crown. Only green needles from main branch axles were
selected for the analysis. The samples from the sample plots in polluted
environment were collected into a common group and analysed collectively.

For each age group, ten needles from ten trees were sampled. The needles
from main branch axles, were placed into a cooled (t = +4°C) fixative (2%
glutaraldehyde in 0.1M phosphate buffer pH/7) immediately after the field
collection and transported to the laboratory. Rinsing (by a 0.1M phosphate buffer
pH7), postfixation (by a 1% osmium tetroxide solution in a 0.1 phosphate buffer
(pH 7)) (Soikkeli, 1978) and dehydration (by exposure to a series of alcohols and
submersion into propylene oxide) were performed in the laboratory. Following the
fixation and dehydration, the tissue was permeated by araldite resins. Thus
prepared samples were placed into moulds, which were previously covered by pure
resin and dried in thermostat.

The material for histological analysis was cut by an ultramicrotome,
equipped with a glass knife. Cross-sections of Ium thickness, placed onto
microscope slides and dyed by toluidine blue, were used for a light (optical)
microscope analysis.

Histological analyses consisted of measurement of needle diameter,
thickness of epidermis with hypodermis and mesophyll, followed by a
measurement of the diameter of central cylinder and vascular bundles. The
measurements have also been performed on 100 semi-thin cross sections for each
needle age group, on samples from the polluted area and samples from the control
units. Following the performed measurement, the results were statistically
analysed.



RESULTS AND DISCUSSION

Histological studies consisted of measurement of a diameter of needle
cross-sections, along with measurement of a share of certain tissues’ diameter in a
cross-section. The data on a needle cross-section diameter (Table 1) indicate that
the diameter of one-year and two-year old needles of autumn samples Zs is larger
in comparison to the control unit K2 and that the effect of pollution is statistically
significant. The cross-section diameter of one-year and two-year old needles in the
control unit K1 in older cultures in a less polluted environment is larger than the
needle diameter in the control unit V and the polluted zone Zs, while the difference
is statistically significant. That indicates that the age of culture also has an impact
on increase in needle diameter (Apple et al. 2000). The spring samples of one-year
and two-year old needles from the polluted zone Zs, which endured winter, have a
significantly smaller diameter in comparison to samples in the control units K1 and
K2.

The data indicate that in the period of metabolic activity pollution effected
a significant increase in needle diameter, while in the period of less intense
metabolic activity caused by pollution, a statistically significant decrease in needle
diameter in the polluted environment occurred.

Table 1/. A diameter of cross-section of needles from the polluted environment Zs
and the control units K1 and K2 in mm

Mean value + standard error
Experimental field | Needle age

Autumn Spring
Zs 1 0.4553 £ 0.0093° | 0.3192 +0.0067*
K1 1 0.5840 = 0.0080° | 0.3744 + 0.0068"
K2 1 0.3759 +0.0041* | 0.4939 +0.1214°
Zs 2 0.4681 +0.0155° | 0.3365 + 0.0086"
K1 2 0.5840 = 0.0086° | 0.4294 +0.0061°
K2 2 0.4173 £0.0027* | 0.5270 +0.0100°

A multiple interval test — the values marked by the same letter in the column, does not indicate a difference on the level of significance p<0.05.

Mean values and standard error of the diameter of abaxial and adaxial
epidermis are presented in Table 2. In one-year and two-year old needles of autumn
samples, following the period of more intense metabolic activity under the
influence of pollution, the diameter of abaxial and adaxial epidermis was increased
in the polluted environment Zs and in the less polluted environment K1, in
comparison to the control unit K2. The effect of pollution is statistically significant.
The needle diameter in older cultures in the control unit K1 is approximately equal
to the diameter of needles in the polluted environment (Apple et al. 2002), which
indicates that needles in the polluted area exhibit signs of ageing.

Table 2. The diameter of abaxial (A) and adaxial (B) epidermis of needles from the
polluted environment Zs and the control units K1 and K2 in mm

Experimental field | Needle age Mean valuc + standard efror

Autumn Spring
(A) Zs 1 0.0217 +0.0008" | 0.0144 +0.0003"
(A) K1 1 0.0198 +0.0007° | 0.0200 + 0.0007°
(A) K2 1 0.0152 +£0.0002* | 0.0157 +0.0042°




Experimental field | Needle age Mean value * standard e}'ror
Autumn Spring

(A) Zs 2 0.0211 +0.0005° | 0.0161 +0.0004"
(A) K1 2 0.0265 +0.0009° | 0.0201 +0.0001°
(A) K2 2 0.0137 £ 0.0000° | 0.0195 +0.0004"
(B) Zs 1 0.0228 +0.0008" | 0.0163 + 0.0005
(B) K 1 1 0.0235 + 0.0004° | 0.0196 +0.0014°
(B) K2 1 0.0166 = 0.0003" | 0.0188 + 0.0044™
(B) Zs 2 0.0232 + 0.0008" | 0.0173 +0.0007*
(B) K 1 2 0.0237 £ 0.0003° | 0.0219 + 0.0002°
(B) K2 2 0.0145 +0.0000° | 0.0245 +0.0002°

A multiple interval test — the values marked by the same letter in the column, does not indicate a difference on the level of significance p<0.05.

In spring samples of one-year and two-year old needles, following the
period of a less intense metabolic activity, the diameter of abaxial and adaxial
epidermis is smaller in the polluted environment in comparison to both control
units, while the difference is statistically significant. The effect of pollution had an
impact on a statistically significant decrease in diameter of abaxial and adaxial
epidermis of needles from the polluted environment.

Table 32. The diameter of abaxial (4) and adaxial (B) chlorenchyma of needles
from the polluted environment Zs and the control units K1 and K2 in mm

Experimental field | Needle age Mean value + standard e.rror
Autumn Spring

AZs 1 0.1483 + 0.0068* | 0.1103 + 0.0040°
AK 1 1 0.2086 + 0.0031° | 0.1072 + 0.0041°
AK?2 1 0.1255 + 0.0008* | 0.1629 + 0.0426°
AZs 2 0.1468 + 0.0081° | 0.1105 + 0.0054°
AK 1 2 0.1913 +0.0038" | 0.1326 + 0.0029°
AK?2 2 0.1492 + 0.0002* | 0.1627 + 0.0037°
B Zs 1 0.0908 + 0.0033° | 0.0569 + 0.0028"
BK 1 1 0.1081 +0.0020° | 0.0655 + 0.0015"
BK?2 1 0.0706 + 0.0013* | 0.0998 + 0.0249°
B Zs 2 0.1002 + 0.0060° | 0.0686 + 0.0038"
BK 1 2 0.1154 +0.0032° | 0.0875 + 0.0008°
BK?2 2 0.0841 +0.0012* | 0.0947 + 0.0028°

A multiple interval test — the values marked by the same letter in the column, does not indicate a difference on the level of significance p<0.05.

The diameter of abaxial chlorenchyma (Table 3) in one-year old needle
samples taken in autumn, following the period of a more intense metabolic activity,
is equal to the diameter of needles in the control unit K2, while it is smaller in
comparison to the control unit K1, where the difference is statistically significant.
In two-year old needles, the diameter of needles in the polluted environment and
the control unit K1 is approximately equal, while the difference in diameter in
comparison to the control unit K2 is statistically significant. The diameter of
abaxial chlorenchyma in one-year and two-year old needles is the largest in the
control unit K1, followed by the needles from polluted environment Zs, while it is
the smallest in the control unit K2. In both cases, the difference is statistically
significant. That indicates that both air pollution and the age of cultures had an
impact on changes in size of abaxial and adaxial chlorenchyma.

The diameter of abaxial chlorenchyma in one-year and two-year needles
sampled in spring is the smallest in needles from the polluted environment, while
the difference is significant in comparison to both control units. That indicates that



an independent effect of air pollution is significant. The diameter of adaxial
chlorenchyma is the smallest in one-year old needles only, while in two-year old
needles the diameter is of an approximately equal size in all three sample sources.
That indicates that the impact of air pollution on adaxial chlorenchyma is
negligible.

The diameter of central cylinder (Table 4) in samples of one-year and two-
year old needles taken from the polluted environment Zs in autumn, following the
period of more intense metabolic activity, is larger in comparison to the control
unit K2, and smaller in comparison to the control unit K1. That indicates that both
pollution and the age of culture had an impact on the size of diameter, and that both
factors are statistically significant. In spring needle samples from the polluted zone
Zs, taken after a less intensive metabolic activity, the central cylinder diameter is
smaller in comparison to one-year and two-year old needles in both control units.
The changes occurred solely as a result of pollution and are statistically significant.

Table 43. The diameter of central cylinder of needles from the polluted
environment Zs and the control units K1 and K2 in mm

Experimental field | Needle age Mean valuc + standard efror
Autumn Spring

Zs 1 0.1657 +0.0039" | 0.1250 +0.0030°
K1 1 0.2196 +0.0024° | 0.1494 +0.0019"
K2 1 0.1471 +£0.0007* | 0.1948 + 0.0467°
Zs 2 0.1822 +0.0055" | 0.1254 +0.0028"
K1 2 0.2251 +£0.0039° | 0.1327 +0.0021°
K2 2 0.1519+0.0030" | 0.2241 +0.0084"

A multiple interval test — the values marked by the same letter in the column, does not indicate a difference on the level of significance p<0.05.

The diameter of vascular bundles (Table 5) in samples taken from the
polluted environment Zs in autumn, following a more intensive metabolic activity,
is larger in one-year old needles in comparison to the control unit K2, but smaller
in comparison to the control unit K1. The differences in diameter size are
statistically significant in both cases. In two-year old needles from the polluted
environment Zs, the size of vascular bundles is approximately equal to those in the
control unit K2, but in comparison to the control unit K1 the difference in size
remained significant. In samples taken from the polluted environment in spring
following a less intense metabolic activity, the size of vascular bundles is smaller
in comparison to both control units. The changes in diameter of vascular bundles
occured solely as a result of air pollution, where the differences in size are
statistically significant.

Table 5. The diameter of vascular bundles of needles from the polluted
environment Zs and the control units K1 and K2 in mm

Experimental field | Needle age Mean value + standard e.rror
Autumn Spring

Zs 1 0.0828 + 0.0030° | 0.0630 + 0.0022°
K1 1 0.0906 + 0.0017° | 0.0825 + 0.0027°
K2 1 0.0727 £0.0008" | 0.1010 + 0.0246°
Zs 2 0.0805 £+ 0.0018" | 0.0650 +0.0013°
K1 2 0.1024 £ 0.0042° | 0.1084 +0.0026"
K2 2 0.0805 + 0.0007"* | 0.1221 + 0.0055°

A multiple interval test — the values marked by the same letter in the column, does not indicate a difference on the level of significance p<0.05.
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CONCLUSIONS

Based on the analysis of the study results, it can be concluded:

— that the air pollution most frequently influenced the increase of diameter of all
tissues, following a more intense metabolical activity, in samples taken in
polluted environment in autumn.

— in samples taken in polluted environment in spring, following a less intense
metabolic activity, the diameter of nearly all tissues was reduced in comparison
to the control unit Juhor and that reduction, caused by air pollution, was
statistically significant.

— the age of culture in the control unit Jelova Gora influenced an increase in size
of cross-sections, when compared to the control unit Juhor.

— the diameter of needles from the polluted environment is approximately equal
to the diameter of needles in the control unit Jelova Gora, which indicates that
needles from the polluted environment exhibit signs of rapid ageing.
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