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Abstract

Background and Objectives: Trees in urban environments improve air quality by filtering and
absorbing gases and particles. However, these trees may themselves be vulnerable to air pollution.
Oriental plane trees (Platanus orientalis L.) were widely used for Tehran's greenery, Iran, but are
now gradually deteriorating. Black locust (Robinia pseudoacacia L.), a resistant species adaptable
to various climates, is often planted for beautifying green spaces. This study examined
physiological leaf characteristics of both species in late spring across three Tehran areas with
varying air pollution levels to assess oriental plane sensitivity and black locust resistance.
Methodology: Twenty leaves from five trees of each species were collected from three parks:
Sadra (District 22), Al-Mahdi (District 9), and Avesta (District 11), spanning western to central
Tehran. Based on Tehran Air Quality Control Organization data, Al-Mahdi and Avesta parks were
classified as polluted, while Sadra Park was relatively clean. Stomatal conductance
(transpiration), stomatal resistance, and relative leaf moisture were measured using a porometer.
Chlorophyll and carotenoid contents were determined via the Porra (2002) method, and
anthocyanin levels via Mancinelli et al. (1988). Dried leaves and soil samples were extracted
using a Digesdahl apparatus per Pichtel and Bradway (2008). lron, zinc, nickel, and copper
concentrations in extracts were analyzed using an ICP atomic absorption spectrometer. The
experiment followed a completely randomized design with five replicates; SAS software (version
9.1) was used for analysis, with two-way ANOVA and Duncan's multiple range test for variance
and mean comparisons.

Results: Soil from the three areas showed minor textural differences, with heavy metal levels
below permissible limits. Both species exhibited highest stomatal transpiration in polluted areas
and lowest in Sadra Park. Stomatal resistance was highest in Sadra Park for both species, though
oriental plane leaf moisture showed no significant differences across areas. Black locust leaf
moisture was lowest in Sadra Park (P<0.01). Chlorophyll and carotenoid levels were highest in
Sadra Park for oriental plane (P<0.01) and black locust (not significant). Anthocyanin was highest
in oriental plane leaves from Sadra Park (P<0.01) and lowest in black locust leaves from Sadra
Park (P<0.05). Air pollution did not significantly affect iron, zinc, nickel, or copper in oriental
plane leaves, which contained higher zinc and nickel than black locust. Black locust leaves had
higher iron and copper, with iron elevated in polluted areas (P<0.01). Nickel was lowest in black
locust leaves from Al-Mahdi Park (P<0.05), while copper and zinc showed no significant
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differences across areas.

Conclusion: Unlike oriental plane trees, black locust trees showed no air pollution effects on
chlorophyll and carotenoid content through late spring. Black locust may defend against pollution
by increasing leaf anthocyanin. Air pollution increased stomatal conductance in both species, but
black locust prevented dehydration by reducing stomatal resistance and maintaining leaf moisture,
while oriental plane did not, resulting in necrosis and leaf dryness, especially in high-pollution
traffic zones.
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Figure 1. The samples' locations (green stars) in Tehran city, Iran
Three study areas include Sadra Park, located in District 22 is shown as a clean area with the Rose Park air pollution monitoring station; Al-
Mahdi Park, located in District 9, is shown as a polluted area 1 with the Fatah and Municipality air pollution monitoring stations in District
10. Avesta Park, located in District 11, is identified as a polluted area 2, with the Municipality's air pollution monitoring station in District
11.



Y¥v

YL oo S s 5 oo SHL mas bl eyl
Sl 58 adlate 5 g anals 3 (VY aidate) &30 o saleal
Sl U s Sl (S S JTL L S aidate ol ey
S B2 el s gl Vsl ailt oleny
5 C)L; (4 ailate) owaw of 555 4l 55 o) ol
oLl 5o @ly sl SHL 5 ol S35 CJI’ 83 gdze
aibaie 53 (VY ailaie ) solydlen 5 a5 oLl o D)
IS at Ol ¥ e ylT wilate ol ey Shol S35 b

A Jgaa 9N

Yool YV Ul o)) ssio }§\~>/', Olidss ode 4y

L y9, 5l
4&!&&: )9 ML;A

T Y PN SO PP W WA =
VIAY gls)l) aaciss aldlar glacasbse L SO
?f’\3\"00f"w@.w\kyjf—}\{)aclﬂmj‘dﬂ
Bas obal o] S canty ole o8 5 (Jls OO0
Lﬁajﬂ o>l lol&ais) esls aam gl () Je)
o Ve aikte Ol ed oy SO sk ol sl
(o5 ST L L) S bl ) Jsan) V) ailaie (550 g

Caigaa,l 9 oo b sols s Lm.,\;;‘YT polda u‘i‘\*‘ PR ‘_55/395—\ Jgeeew éu°&-€.\ @\"5‘«'”' Olasin =) Jois

Table 1. Geographical characteristics of air pollution monitoring stations and average pollutant values in the months of
Farvardin (March—April) and Ordibehesht (April-May)
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Traffic station: (T); Residential station: (R)
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Table 2. Analysis of variance table of physiological traits of leaves of oriental plane and black locust trees in three

regions
Sou_rce_z of - Degree of plants Stomatal Stc_)matal Leaf moisture Chlorophyll Carotenoid Anthocyanin
variation  freedom conductance resistance
Between P. orientalis 11244 ** 2.99 ™ 197.1m™ 2697233 ** 4123832 ** (.00021 **
groups R. pseudoacacia 14581 ** 452.05 ** 730 ** 14454 ™ 169005™  0.000212 *
Error 9 P. orientalis 631.4 2.22 197.1 75976 152095 0.0000128
R. pseudoacacia 595 17.285 1751 32943 293724 0.000032
Coefficient P. orientalis 23.13 27.69 30 17.13 15.99 24.09
of variation R. pseudoacacia 29 23.3 8.64 124 235 26.5

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Table 3. Comparison of the averages of the physiological characteristics of the leaves of oriental plane trees in three

regions
- Stomatal Stc_JmataI Leaf moisture  Total chlorophyll Carotenoid Anthocyanin
Regions conductance resistance (percentage) (mlgr.fw) (mglar.fw) absorotion

(Mmol/M?S) (M2S/mol) P g g/gr. g/gr. P

Sadra 74.43+6.95 6.37+1.007 46.4+3.727 2508+148 3568+124 0.021+0.102
b a a a a a

. 169+5.28 5.05+0.763 52.843.157 14174116 2145+191.5 0.016+0.001
Al-Mahdi a a a b b a

A 81.75+19.9 4.75+0.272 38.8+11.2 899+146 1602+248.5 0.0069+0.0005
vesta b a a c b b

Different letters in each column indicate a significant difference between means (P<0.05).

alo SL s LS a by e L3kl S, s Casb
IS Jeds IS e a5 5 Ao 3 YY/VOEN /YA Ll
i o by ols g Ml B s ys S s
W 55 5,8 e S 2 e omizmen ol e aidate
aibie 53 31 zaw, (MO/gfw YYEVESF V) oo SHL s
e 5 Ll gae OVl cpl Ll el sy Kos
Ly (/¥ /0 oY) LI s sl s8] Gl S0
2 55 0) oS el Ll SO s Bls sladise 4
LoaS s samlas (+/VPE/0Y) Luo SHU slad e

P Joam) wals Hls s D] s

Ll S Sl smd Slio oSile aglie ol

VO /ARNV/AR) &35, Colan ol o i (F Jous)
S 5 by SHL Y eo ] aibete 4 bgy e (MMol/m?s
(oS 5 ey S Ailate 3 4y S Sl sine L sbay
SIYEN/NND) w3s, Canslis ol cpjiaS caibaia oyl
aibte 4 by 0 &35, Caeglie oy winy .cuils |, (M2%s/mol
WS s (M2S/mol YV/VEYV/VAY) |uo S5L SL
sl 1y a3, A op it W Ll SOL s LU
(ho 3 O4/FOEY/VY) 81 s Cusby o i S
e S S Jss wisls olassl syaa 55 1,

aikie aw 5o W3GI olis s Sj é)ﬁlyfs Slaw L;\.mﬁb PO PP S PRV

Table 4. Comparison of the averages of physiological characteristics of leaves of black locust trees in three regions

. Stomatal Stc_)matal Leaf moisture  Total chlorophyll Carotenoid Anthocyanin
Regions conductance resistance ercentage (mglgr.fw) (mglgr.fw) absorption

(Mmol/M?S) (M2S/mol) P g g/gr. g/gr. P

Sadra 37.13+2.424 27.27+1.782 33.35+1.28 1488+28.18 2741+407 0.016+0.0029
b a c a a b

. 58.98+11.1 19.8+2.922 52.47+2.682 1388+8 2072+125 0.018+0.0022
Al-Mahdi b b b a a b

Avesta 150.9+17.86 6.3+1.115 59.45+2.073 1496+132 2357+197 0.029+0.0032
a c a a a a

Different letters in each column indicate a significant difference between means (P<0.05).
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Table 5. Physical properties of soil and the amount of elements in mg/kg in the soil of three regions

Region Clay Sand Sylt pH EC Fe Zn Ni Cu
Sadra 38% 28% 24% 7.4 0.73 61.1 53.2 26.5 36.2
Al-Mahdi 24% 40% 36% 7.7 0.8 69.3 56.8 24.3 28.4
Avesta 16% 64% 20% 7.6 0.76 73.2 48.2 27.2 29.2

Low Pollution WHO - - - 2000 120 23 35

0 U5 s (ppm F/ATE/-FY) Lao SHL clsbl
IANYES/VF) gagall LU ea gl ailate s L3GI s S,
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Table 6. Results of analysis of variance of element content in oriental plane and black locust leaves

L Degree of ]
Source of variation Plants Fe Zn Ni Cu
freedom
P. orientalis 0.083925 " 0.5101"™ 0.0961 " 0.05882™
Between groups 2 .
R. pseudoacacia 0.2833 ** 0.0374™ 0.0087 * 0.0433™
Error 9 P. orientalis 0.0327 0.1904 0.0484 0.07543
R. pseudoacacia 0.03009 0.0222 0.001297 0.03381
L . P. orientalis 7.23 4.01 9.04 11.54
Coefficient of variation - .
R. pseudoacacia 3.40 10.15 4.12 2.94

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Table 7. Comparison of the average amount of elements in the leaves of oriental plane and black locust trees in terms of
ppm in three regions

Cu Ni Zn Fe
Region R - R - R - R -
© . P.orientalis © . P.orientalis L P. orientalis © . P.orientalis
pseudoacacia pseudoacacia pseudoacacia pseudoacacia
Sadra 6.37240.128 2.37+0.026  0.91+0.018 2.2+0.122 1.522+0.0385 11.19+0.034 4.84150.041 2.62+0.06
a a a a a a
Al- 6.207+0.03 2.5+0.02 0.82+0.014  2.59+0.091 1.357+0.0385 10.9+0.012 5.06+£0.065  2.34+0.288
Mahdi a a b a a a a
Avesta 6.180+0.089 2.26+0.013 0.88+0.0201  2.43+0.03  1.527#0.117 10.48+0.007 5.37+0.128 2.53+0.236
a a a a a a a
Different letters in each column indicate a significant difference between means (P<0.05).
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