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CHLOROTIC MOTTLE OF SCOTCH PINE NEEDLES (PINUS SYLVESTRIS L.)
AS EXPRESS ASSESSMENT PARAMETER OF ATMOSPHERIC AIR STATE
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Abstract. The capability of using percentage of needles with chlorotic mottle was assessed. Limitations of the method
were noted.
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Introduction

Material and methods

Atmospheric air is one of the most dynamic
habitats (Romeralo et al. 2012). To assess
its pollution rate analytical and biological
methods of monitoring are used which have
its own advantages and disadvantages. At
present phytoindication is one of the most
popular methods (Melece 2011).
Under the influence of pollutants gradual
changes in a plant body occur which decrease
its adaptation to the environmental factors
(Stolte 1996) and eventually lead to its
death.
As far as conifers allow for year-round
surveillance, have high gas-sensitivity and are
widespread on the territory of Russia they are
often used in bioindication (Melece 2011).
It is essential for every analysis to
detect increased anthropogenic load on
a particular ecosystem at the initial stage,
when the changes are still reversible. In case
of atmospheric air pollution photosynthetic
apparatus in plants is most exposed (Smith
et al. 2008). Therefore morphological and
anatomical changes in leaves are actively used
as indicators of the level of atmospheric air
pollution (Nilsson et al. 2012). The aim
of this work is estimation of capability of
using of needles with chlorotic mottle for an
analysis of atmospheric air pollution.

The research objects were needles of Scotch
pine (Pinus sylvestris L). The data were collected
in 2010-2013 in March, May, August and
November on different annual whorls (2008,
2009, 2010, 2011 and 2012).
For gathering experimental data on the
territory of Moscow and Moscow area four
spots located in districts with different levels of
atmospheric pollution were chosen. Selecting
habitats the similarity of all major ecological
factors were taken into account (except for the
anthropogenic load, on which the comparison
was based).
The first spot located in Serebryanoborskoe
Lesnichestvo (SL) in the most environmentally
clean district of the city (Northwestern
Administrative Area). Exposure level from
heat stations is minimal (0.8-1.0 MPC)
(Ильина 2000). Air pollution potential (APP)
is 2 (Карта… 2005).
The second spot was in Filevsky Lesopark
(FL) located in a relatively safe district of the
city (Western Administrative Area). Exposure
level from heat stations is higher than in SL:
1-1.5 MPC (Ильина 2000). APP=2.4-2.6
(Карта… 2005).
The third spot was in Kuzminky Lesopark
(KL) located in one of the most polluted
districts of the megalopolis (Southeastern
Administrative Area). The main contributors
to the total emissions to the atmosphere
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Table 1. Percentage of needles with chlorotic mottle in different habitats on all annual whorls.
Annual whorls
2009

2010

2011

2012

SL

FL

KL

IL

SL

FL

KL

IL

SL

FL

KL

IL

Nov

100

100

100

89

98

84

97

22

14

3

33

3

Mar

100

100

100

83

95

96

88

51

12

23

11

5

May

88

100

100

100

97

99

30

29

29

55

4

Aug

100

100

100

100

SL

FL

KL

IL

100

100

100

77

93

96

13

Nov

100

100

98

100

100

100

15

44

39

57

1

Mar

100

100

100

100

100

100

61

41

26

53

5

in the district are plants from fuel-energy
complex (in addition to road transport).
Exposure level from heat stations here is one
of the highest on the territory of Moscow
(2.0‑2.5 MPC) (Ильина 2000). APP=2.8-3.0
(Карта… 2005).
The fourth spot was the reference one. It
is located in Istrinskoe Lesnoe Hosiastvo (IL)
in 38 km from Moscow.
For every habitat five 10-15-year-old
young pines were selected at random. For
every tree we chose three branches (from the
southern side at a height of 1.5 m (Pfanzl et
al. 1994)), on which the state of 20 needles
from every annual whorl was evaluated,
with the total amount of 300 needles from
each annual whorl in each habitat. Chlorotic
mottle was taken into account when there was
only one spot more than 1mm in diameter or
several spots.
For data analysis the Microsoft Office
Excel “Packet Analys” was applied. We
conducted analysis of variance based on
Fisher’s test (the final conclusion was made
by t-test), single- and two-factor analyses as
well as a regression analyses. The significance
level was 95%.
Results and discussion
General observation shows that the
percentage of needles with chlorotic mottle
gradually increased since its inception, and by

the end of the second life year almost all needles
are damaged (Tab. 1). Statistical manipulation
of the data showed that there is a a significant
difference between the reference spot and the
spots in the city (if the last year, the year before
last and sometimes current year needles are
observed).
If we compare all the habitats using data from
regression analysis we can see that the damage
speed is higher in habitats where anthropogenic
load is significant (Fig. 1).
Meanwhile according to this parameter
the reference spot is significantly different
from the habitats in the city. It should be
noted that the higher the damage speed is at
the beginning of the year and the lower at the
year-end, the greater the anthropogenic load
on the habitat is.
According to single-factor analysis significant
differences were found for last year whorls,
measured in May, August and November. The
factor influence force was 45%, 41% and 60%
respectively.
Two-factor analysis showed the reliable
relationship between percentage of damaged
needles and the year of investigations (and also
location). Moreover, significant interaction effect
between “location” and “investigation year” was
discovered when analyzing last year whorls in
November and March. However in this case the
factor influence force is lower than in analyses
of relationship between percentage of damaged
needles and the year of investigations or location.
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Fig. 1. Percentage of needles with chlorotic mottle in different habitats.

Conclusions
1. A reliable relationship between the air
pollution rate and percentage of needles with
chlorotic mottle was established.
2. Percentage of needles with chlorotic
mottle is suitable for ranging habitats in May,
August and November on the last year whorls.
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