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SUMMARY

An ozone-sensitive cultivar of tobacco plants wgsosed at two sites — urban and rural
— for eight weeks in the 2008 growing season. Msibjuries caused by tropospheric
ozone were measured every two weeks of the expetimbe differences in damage at
every two-weekly observation are presented hereseTtifferent ozone injury indexes
were examined to establish the future usefulnesenef of these indexes in similar
tropospheric ozone bioindicative investigationst s purpose the*Rest for equality
of mean vectors method was applied. The calculatiesealed the most suitable index
for this kind of investigation, taking account oféf maximum values for leaf injury on
each plant exposed at an individual site.
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1. Introduction

The concentration of tropospheric ozone has bemeasing in recent times. An
adverse ozone effect is observed especially ontphlahich are affected by
ozone continuously during their lifetime — for sealeyears in the case of trees
(Ashmore, 2004; Sanz, 2002), or during the grovdegson in the case of crop
plants (Elag6z and Manning, 2005; Ribas and Pefué&R09; Kostka-Rick et
al., 2002). Tropospheric ozone is created in phwogcal reactions of its
precursors, such as nitrogen oxides, carbon ox@mies$ volatile organic
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compounds. Hence the ground level ozone concestrasi connected with

emissions of these air pollutants and with favarahbkteorological conditions
(high solar radiation, high temperature) (Barrealet1998). For this reason the
highest ozone concentrations occur during the sunseeson, especially when
there is a high level of solar radiation.

The Bel W3 tobacco cultivar is a well-known tropbspc ozone
bioindicator. Visible leaf injury can be treated as ozone level detector
(Ashmore, 2004). The ozone effect on plants curaslaturing the growing
season, and the plant’'s response differs depermtinghysiological age and
time of exposure. Visible leaf injury is observed looth sides of the leaf as
necrosis between veins. The degree of damagerslatd with the ozone level
in the ambient air, as well as being connected widlteorological conditions,
which also influence the stomatal closure of plgRibas and Penuelas, 2004).

The aim of the study presented here was to comparelegree of ozone
leaf injury on the same tobacco plants at two seteexposure sites measured
at two-week intervals over an eight-week experimdiat achieve this aim, a
comparison of three proposed indexes describingegegf tobacco leaf injury
for one plant is presented in this paper.

2. Materials and methods

2.1 Study area

The experiment was conducted in the 2008 growiag®e The tobacco plants
were cultivated in a greenhouse for eight weekk.%nliter pots, and afterwards
exposed to ambient air conditions for another ewéeks, from June 16 until
August 11. Two exposure sites were selected, halifferent ozone levels, and
where observations of air pollution and meteoraabparameters are carried
out.

One site was located within the city of PoznarthimBotanical Garden, and
the second in a forest area 80 km west of Poznare tbacco plants
(replications) were located at each exposure $lte. ozone-related leaf injury
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was measured as the ratio of damaged leaf ardwe tewhole leaf area. For the
purposes of the present work we used values imteeval from O to 1. Every
two weeks the degree of visible injury caused lpypdspheric ozone was
measured on the tobacco leaves, starting fromahehf leaf counted from the
bottom of a plant (separately for each time of olks#on). Values of
differences in degree of leaf injury between seléctimes of observations
(periods) are analyzed in this paper. The valua sluggested index for one
plant is treated here as an experimental unit.ifjoey level was measured four
times for each plant, hence each plant is chaiaeteiby four injury values
(after the & 4" 6" and & week of exposure).

2.2 Leaf ozone injury indexes

The characteristic value of leaf injury degree fmach plant had to be
determined for further comparison of tobacco pfamésponse at the two
exposure sites.

Three indexes of leaf injury to tobacco plants waneated for the purposes
of this work:

* the first index of leaf injury — the maximum valoé leaf injury degree in
a single observation period from all leaf injuryues on each plant;

» the second index of leaf injury — the arithmetioaan of three maximum
values of leaf injury degree in a single observatieriod from all leaf injury
values on each plant;

« the third index of leaf injury — the arithmeticakan of five maximum values
of leaf injury degree in a single observation perimm all leaf injury values
on each plant.

2.3 Test for equality of means (Hotelling’s T Test)

We wished to compare the mean leaf injury degremludicco plants between
two exposure sites for one experimental time dididato p two-week

observation periods. Because the calculated valfies index for one plant
may be correlated, it is convenient to treat themmaltidimensional variates.
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Let y denote the vector of leaf injury values for pldotsated at the rural site
in thei-th replication, and lety,;, denote the vector of leaf injury values for
plants located at the urban site in tHi replication. Len denote the number of
replications in either of the experiments.

We assume that random vectors,,Y p,s--Yr, and Y ;,Yys:--Yy, have
multivariate normal distributionN ,(ng,Xz) and N (p,,X,) respectively.
Let Yr =X, Yri/N and Yy =X, yyi/n denote the vectors of mean leaf
injury degree for the rural and urban exposure sispectively. Let
Ar=Y1(yr ~YRIVR -Yr). Ay =" (yui =Yu Nyui ~Yu ) and
S= (2n - 2)_1(A R +AyU ) denote the pooled estimator of the covarianceimatr
(Krzysko, 2000; Rencher, 1998; Seber, 1984).

We are interested in testing the hypothelis:p, =p, . The testing of
mean values will be preceded by testing of the l@guaf the dispersion
matrices X and X,. This equality is tested using the test statistics
u=-21-c)logM , where c=(2 p2 +3p—1)/3n(p+1) and

M =2"P|A R|n/2|AU |n/2/ |AR+Ay|" . The statistias has an approximatg?-
distribution with 0.p(p+1) degrees of freedom (Rencher, 1998).
To test Hy, pg =ny we use the test statistic
T2 =4(Ve -Vy) SV~ ¥y ). We rejectH,, if
2n-p-1_,
——1°">F a).
(2n _ 2)p p,2n—p—1( )

In the case where we consider the contrast betwisenents of vectop, and
corresponding elements of vectorn,, we test the hypothesis
Hoc :C(p,R -y ) =0, whereC denotes théax p vector of contrast (Krzko,
2002). The test statistic fad . is T =2(Cy, - Cy, ) (csc')*(cy, -cy,)
(Rencher, 1998).

3. Analysis of results

Visible leaf injury of tobacco plants caused byptyspheric ozone was observed
at both exposure sites, from the first period deslation onwards.
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The calculated values of the statistics used fstirtg equality of the
dispersion matricex; and X, are given in Table 1. Based on these values we
cannot reject the zero hypothesis of the equalitthe covariance matrix for
each of the indexes. For this reason we use thddesomparison of mean
vectors, in case of equality of the covariance ixafrhe results of testing for
equality of mean ozone-related tobacco leaf inpetween urban and rural sites
are given in Table 1. We can observe from them tiratmean ozone-related
injury degrees for plants of tobacco cultivar BeB\&kposed at the two selected
sites are significantly different (this is true fdf of the indexes calculated).

Table 1.Values of testing statistics (empirical significarievels in brackets)

Firstindex Second indexThird index
Hypothesis:H, : X, = X,
Value ofu statistic 13.62 (0.191)3.38 (0.971) 5.44 (0.860)
Hypothesis:H, :p; = p,
Value of T® statistic ~ 71.94 130.78 47.47
Value ofF statistic 11.24 (0.010)20.43 (0.003) 7.42 (0.025)

The results shown in Table 2 reveal that in th&t fibservation period, for
the second and the third index, leaf injury degethie two exposure sites are
significantly different. Plants exposed at the kwgite sustained higher ozone
damage than these exposed at the urban site.

Table 2.Results of comparison between two exposure sigfef(ences: site
located in Poznacity minus site located in forest.)

Firstindex Second index hird index

Day 0-14 — 1 observation period ~ -0.099 -0.373* -0.387*
Day 15-28 — ¥ observation period 0.124 0.113 0.040
Day 29-42 — 8 observation period  0.304* 0.131 0.058
Day 43-56 — & observation period ~ 0.164* 0.161 0.107
Contrast:2 1, (u, —pg) 0.123*  0.008 -0.045*

* significant at leveb=0.05;
** gignificant at levela=0.01
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There are no differences between exposure sitehan2®, 3¢ and 4
observation periods as far as the second anditidek are concerned.

The first index revealed significant differencestwsen the degrees of
ozone injury to the tobacco plants at both sitethin 3* and &' observation
periods. Slightly higher injuries on plants exposgdrban sites are observed in
the 29 3% and 4" periods.

The results obtained for this index are uncommobidmndicative research,
since higher ozone injury is normally observeduadlrsites, because ozone and
its precursors are transported over long dista(i€esnpp et al., 2004, Klumpp
et al., 2006). In some cases, in spite of high ezmmcentration in the ambient
air, low degrees of visible ozone injury are reeotdThis might be connected
with high solar radiation and stomatal closure¢ordase water loss in the plant
tissue, which simultaneously reduces the possibdit ozone affecting the
plants (Manning, 2003; Long and Naidu, 2004). Mes¥olower ozone injuries
may occur in the case of meteorological conditiadech are unfavorable to
ozone creation, such as low solar radiation ant hégnfall (Bandurska et al.,
2009). In the case of our study, high solar radiatvas observed, with a high
ozone concentration which surely affected the exggdants, and the normal
effect of higher ozone injury at the rural site Wbbe expected to be observed.
Hence very interesting results are revealed by ¢oatrasts analysis
%1'4(% —pR), where a comparison is made of the sums of Igafyirdegrees
for plants at the rural and urban sites. The resofitthis analysis revealed a
higher degree of ozone injury to tobacco planthaturban site, if we consider
the first index; however in the case of the sedodéx there are no differences
between sites, and the third index indicated thatas the rural site where
higher visible leaf damage occurred (Table 2). Thigalid when ozone and its
precursors are transported far from the city argigr ozone impact on plants
is observed in rural and forest areas — these tiongdli existed during our
experiment. Hence we can deduce that this coultl dimod indicator for further
consideration in similar tropospheric ozone biodadive investigations.
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4. Conclusions

In this paper we examined the usefulness of prapwstexes for comparison of

the degree of ozone leaf injury to tobacco plamtposed in urban and

rural/forest areas. For this purpose thetéBt for equality of mean vectors
method was applied. It seems that the best soligiom use the third index for

indication of differences in leaf injury degree Wweén two exposure sites,
because a larger number of leaves are considehedcdntrast analysis revealed
higher ozone injury at rural sites, which is readwa in the case of our

investigations. Based on the results presentédaisrpaper we can conclude that
the third index could be used in future analysithefcumulative effect of ozone
on plants, because of the higher ozone effect antplin rural areas. This is a
normal situation when high solar radiation occuusirdy the summer season
and ozone is created far from its precursors’ ssirc
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