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ABSTRACT
In this study, it has been tried to determine how Mg, which is one of the most important
macronutrients for plants, changes in various organs of some plants grown intensively
in urban centers in Pakistan, and how this change is affected depending on the washing
status and traffic density. For this purpose, the variation of Mg concentrations in leaves
and branches of Ficus bengalensis, Ziziphus mauritiana, Conocarpus erectus, and
Azadirechta indica species depending on washing status and traffic density were
determined. As a result of the study, it was determined that the Mg concentration
changed statistically significantly (p<0.05) depending on the plant type and organ in
all traffic densities, but there was no linear relationship between the change of Mg
concentration and traffic density.
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Bu çalışma kapsamında bitkiler için son derece önemli makro besin elementlerinden
olan Mg’un Pakistan’da kent merkezlerinde yoğun olarak yetiştirilen bazı bitkilerin
çeşitli organlarında nasıl değiştiği, yıkama durumu ve trafik yoğunluğuna bağlı olarak
bu değişimin nasıl etkilendiği belirlenmeye çalışılmıştır. Bu amaçla Ficus
bengalensis, Ziziphus mauritiana, Conocarpus erectus ve Azadirechta indica
türlerinin yaprak ve dallarındaki Mg konsantrasyonlarının yıkama durumu ve trafik
yoğunluğuna bağlı değişimi belirlenmiştir. Çalışma sonucunda Mg
konsantrasyonunun bütün trafik yoğunluklarında bitki türü ve organına bağlı olarak
istatistiki olarak anlamlı düzeyde (p<0,05) değiştiği belirlenmiş, Mg
konsantrasyonunun değişimi ile trafik yoğunluğu arasında ise doğrusal bir ilişki
bulunmamıştır.

1. Introduction
The world population has increased significantly in the last century and is concentrated in urban areas [1, 2]. The most
important problems of our age worldwide are the increase in population [3, 4] and the concentration of the population in
urban areas, that is, urbanization [5, 6] listed as other problems. The demands and needs of the increasing population also
diversify and increase in line with the requirements of the age, and the industrial production to meet these needs also
increases the need for raw materials and energy [7, 8].
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The wastes generated as a result of industrial production in this process cause excessive pollution of air [9,10], water
[11,12], and soil [13-17]. Global climate change [13-17] and urbanization [18-20] are shown as the biggest irreversible
problems of our age [21], and environmental pollution is seen as the most important problem threatening living life and
ecosystem [22-24]. Especially in regions with high population density, air pollution is one of the most important problems
threatening human life [25-27]. It is reported that 92% of the world's population lives in areas with low air quality and
approximately 1 in 8 deaths are caused by air pollution [6, 27].
Plants grown in areas with high air pollution are also affected by this pollution. Because plant development, structure,
and phenotypic characters are shaped depending on genetic structure [28-30] as well as environmental conditions [3133]. While air pollution changes the composition of the air, it also changes the microecological conditions, and since plant
growth is shaped by climatic [34] and edaphic [35,36] factors, plant growth, and content are directly affected.
In this study, it has been tried to determine how Mg, which is one of the most important macronutrients for plants,
changes in various organs of some plants grown intensively in urban centers in Pakistan, and how this change is affected
depending on the washing status and traffic density.
2. Material and Method
Within the scope of the study, it was aimed to determine the change of Mg concentration in Ficus bengalensis (Fb),
Ziziphus mauritiana (Zm), Conocarpus erectus (Ce), and Azadirechta indica (Ai) plants, which are grown intensively in
urban centers in Pakistan, depending on the organ, washing status, and traffic density. The study was conducted on
materials collected from high-traffic (TRCOK), moderately heavy-traffic (TRAZ), and almost non-traffic (TRYOK)
areas. The washing process was also performed on the branch and leaf samples taken from the individuals subject to the
study, and the washed organs (Yk) and the unwashed organs (Ykm) were evaluated within the scope of the study.
Branch samples taken from individuals suitable for the study purpose were brought to the laboratory, separated into
leaf and branch parts, and then washing was applied in half of these samples. The samples were kept in laboratory
conditions for 15 days until they became room dry and then dried in an oven at 45 °C for two weeks. The dried plant
samples were ground into powder and weighed 0.5 g and placed in tubes designed for microwave. 10 mL of 65% HNO3
was added to the samples. The prepared samples were then burned in a microwave device at 280 PSI and 180 ºC for 20
minutes. After the processes were completed, the tubes were removed from the microwave and allowed to cool. Deionized
water was added to the cooled samples to make up to 50 ml. After the prepared samples were filtered through filter paper,
they were read at appropriate wavelengths in the ICP-OES device. Mg concentrations were calculated by multiplying the
obtained values with the dilution factor. This method used in the study is a method used in many studies to determine
elemental analyzes in plants [8-10,37].
The obtained data were evaluated with the help of the SPSS package program, variance analysis was applied to the
data, and homogeneous groups were obtained by applying the Duncan test to the groups that were statistically different
at least 95% confidence level. The data obtained were simplified and interpreted by tabulating.
3. Results
The results of the analysis of variance regarding the variation of Mg concentrations depending on the plant species
and traffic density are given in Table 1.
Table 1. Variation of Mg (ppm) concentrations by species and traffic density
TRYOK

TRAZ

TRCOK

F

Fb

3628,4 Bb

1424,5 Aa

2582,5 ABb

5,4**

Zm

698,1 Aa

1325,1 Ba

1203,5 Ba

7,4**

Ce

3576,9 b

3640,4 c

3246,3 b

0,1 ns

Ai

1507,9 Aa

2628,0 Bb

2189,7 Bab

7,3**

F

9,4***

13,0***

5,2**

***: p<0,001
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When the variation of Mg concentrations based on species and traffic density is examined, it is seen that the changes
based on species in all traffic densities are statistically significant (p<0.01) at a confidence level of at least 99%. As a
result of the Duncan test, it was determined that the values obtained in Zm were in the first groups and the values obtained
in Ce were in the last groups at all traffic densities.
It was determined that the change of Mg concentrations depending on the traffic density based on species was not
statistically significant (p<0.05) in the Ce species. In other species, it is seen that the Mg concentration does not change
concerning the traffic density. The results of the analysis of variance regarding the variation of Mg concentrations
depending on the species, organs, washing conditions, and traffic density are given in Table 2.
Table 2. Variation of Mg (ppn) concentrations

Fb

Leaf

Branch

Zm

Leaf

Branch

Ce

Leaf

Branch

Ai

Leaf

Branch

Status of wash

TRYOK

TRAZ

TRCOK

F

Yk

374,6 Ac

1453,0 Bg

3560,0 Cl

20130,4***

Ykm

7247,6 Cp

1884,4 Ah

3924,2 Bm

79126,9***

Yk

3425,3 Bl

1211,8 Ab

1183,5 Ad

18777,2***

Ykm

3465,9 Cm

1148,9 Aa

1662,2 Bg

57372,7***

Yk

1121,6 Af

1294,2 Bd

1868,7 Ci

37638,0***

Ykm

1066,4 Ae

1233,1 Bc

1680,5 Cg

15182,1***

Yk

327,8 Ab

1394,8 Cf

657,5 Bb

63924,2***

Ykm

276,7 Aa

1378,2 Cf

607,5 Ba

52937,8***

Yk

5558,4 Bo

5963,5 Co

5445,2 Ao

180,5***

Ykm

5473,8 Cn

5171,8 Bn

4717,5 An

1387,3***

Yk

1617,4 Bh

2098,0 Ci

1233,2 Ae

12087,8***

Ykm

1658,0 Ci

1328,4 Ae

1589,3 Bf

1914,7***

Yk

2167,8 Ak

2712,6 Bl

3175,3 Ck

9012,3***

Ykm

1873,7 Aj

2547,7 Bk

3062,9 Cj

22166,5***

Yk

631,0 Ad

3045,1 Cm

1768,2 Bh

53252,2***

Ykm

1359,0 Bg

2206,5 Cj

752,5 Ac

48612,7***

F
***: p<0,001

Yk: washed

57746,0***
40926,8***
Ykm. unwashed

38497,3***

When the table values are examined, it is seen that the change of Mg concentration based on organ in all traffic
densities and based on traffic density in all organs is statistically significant at the 99.9% confidence level (p<0.001). In
TRYOK areas, the lowest values were obtained in Fb leaves washed with Zm branches, the highest values were obtained
in unwashed Fb leaves and Ce leaves. In TRAZ areas, the lowest values were obtained in washed Fb branches and
unwashed Zm leaves, and the highest values were obtained in Ai branches washed with Ce leaves. The lowest values in
TRCOK areas were obtained in Ai branches that were not washed with Zm branches, and the highest values were obtained
in Fb leaves that were not washed with Ce leaves. Apart from this, it can be said that there is no general relationship
between the change of Mg concentration in organs and traffic density.
4. Discussions
As a result of the study, it was determined that the changes in Mg concentrations in all traffic densities based on
species were statistically significant (at least p<0.01). Mg, which is the subject of the study, is a macro element used by
plants and is considered as the iron of the plant world and enters the chlorophyll structure. Mg is the central atom of
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chlorophyll and is vital in photosynthesis. The excess of Mg prevents K uptake and negatively affects the root
development of trees [38]. Numerous studies on Mg and other elements reveal that the level of element accumulation in
different species is at different levels [37]. Studies show that the most important factor affecting element accumulation in
plants is plant type [39].
The results of the study show that there is no linear relationship between traffic density and Mg concentration. The
entry of elements into the plant body and their accumulation in organs can be mainly through roots and leaves. However,
it is not easy to determine the source of the elements determined in the plant because these uptake pathways can work
simultaneously [40]. Therefore, factors affecting soil and air composition also affect element concentrations in plants
[41]. In urban areas, especially traffic-related air pollution increases the concentration of elements, many of which serve
as micronutrients for plants [42,43]. Air pollution and anthropogenic factors in urban areas can also cause soil pollution
[44-47]. Therefore, the concentrations of these elements in plants grown in these areas are at higher levels [48].
As a result of the study, it was determined that the Mg concentrations in different organs of the plants subject to the
study were at different levels at all traffic densities. This situation is largely shaped by the anatomical structure of the
plant and the mutual interaction of the plant and the elements. Like all phenotypic characters, plant metabolism also
depends on plant genetic structure [49-53] and environmental conditions [54-56]. Therefore, stress level, which
significantly affects plant metabolism [57-60], hormone applications [61-63], cultural processes such as pruning and
shading [64,65] and many factors affect the accumulation of elements in plants [66].
In addition, the changing environment and soil structure due to human influence in urban areas and micro-ecological
factors [67-69] also affect the change of element concentration in plant organs. Therefore, the elements in the soil or air
also significantly shape plant development. High levels of elemental concentrations in the air or soil are a source of stress
for the plant [70] and other stress factors affect plant structure and development [71,72,73]. Therefore, high concentrations
of some elements in the air cause stress in plants, affecting plant growth, and the accumulation of these elements in plant
organs are at a higher level [39,40].
The fact that the element concentrations in different organs of plants grown in the same environment are at different
levels is directly related to the structure of the plant organ. Factors such as morphology, surface area, surface texture, and
size of plant organs affect the entry and accumulation of elements in the plant organ [3]. Plant leaves take in the air
through stomata, while they can also take in the elements in the air. Similarly, the hairy structure of the leaf or the rough
and cracked surface of the bark can facilitate the adhesion of the elements, and especially the particles contaminated with
various elements that can be a pollutant in the air, on the surface of the organs [7,73,74].
5. Conclusions and Recomendations
As a result, the change of element concentration in plant organs is the result of a complex mechanism depending on
the interaction of many factors, and this mechanism has not been fully resolved yet. Studies on this subject have mostly
focused on annual plants, and the number of studies on trees is relatively limited. For this reason, it is recommended that
the studies on the subject be continued by diversifying and increasing and that the studies be carried out in controlled
environments as much as possible.
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