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Figure 1. Study area (red frame) in Mazandaran province, Iran

Olan &S Sloj 5 0l 53 S e sal adS s
OSen A= VG 0 L 5 58 e 5 S
A 5”16"'? sl

ol cadlaie a3 JLE 535 6 perme (ot Sl
5 s 035 (1Y sled iy g5 IS gl )
whn g3 e gl p a3 Ol (S5 e
D35 m sl oslper S LA
Sl Ol s S Bl 5 8 Lo slalels
Yin) o sslinal ol gy Slé 53,5 IS aslons
(etal., 2023
K39, seaasiie g S0l
e A S e e LS ke 5 s S
oSS ey Bl 5 s SY Y S

).:djj})ﬁjf&c@)‘wjﬁ).l&objgﬁ%

Yy

13 4 g
Sl p gl b s (s cnl el 6l
&)§>}T@ﬂ£ﬁ¢%1>@&‘@‘¢:‘
B¥ee ol s on T aiddate . O] Al anlad
K s el aidate 5 Olewws &L 1S 51 (5 20 00
T Bl b (s 2550 g S gLl b
O3 Olaww 518 51 o8 T s dhol e glS
sble 31 G e s (vanov et al., 2018) . ils
bsh s 8 SR
Carpinus betulus ) ; .. 5 (castaneifolia C.A.M.
Olans Loyl i 53 48" (gy5bas 5 a0l =y LSS L (L

Quercus ) 93



Y ooyled A al> (i dnngd g Lk sole dolilad

Wb (2o @S5 Jals 0L slad sk 5 Sy
o3lital L OLgSS glad show 5 a5, Cls 5 s
b Jlsle 5) AxioVision LE ver. 48.2.0
oeamen (Y S2) Wl (6, Seslul (g 5Ky Koo
foms 3 A dnle Wk, 20 4 b o
T X 455 93 x adhie 53) A (5 RS eIl 455, )Y

Gies aw b oo x a4l oaw 5l WSe x oty al

(el S o

St Sl e G 0L 1 e S S o) s
LSl 51 S3U gl (o= U SY LS ous
Aol 2 s Al G (gl Glad s
slal &)oL s 51 .(Zhu et al., 2018)
CotS ax g Laxl o LSS gl 52) 4l an
3P e sSs See Sl eslinal L (Laadlul
3 e A bl (el sdmze SNLI HP320)

Wiy sbaasiin AL o js odd Okl 4L

Figure 2. Example of an image of leaf stomata by microscope using AxioVision software
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Table 1. Mean (+SE) deposited dust (mg cm) in polluted and control sites
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Figure 3. Mean stomatal density (number per mm?) of Q. castaneifolia (a) and C. belutus (b) in
polluted and control sites (different letters indicate significant differences at the P-value < 0.05)
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Figure 4. Mean stomatal width (a), stomatal length (b), guard cell width (c) and guard cell length (d) in
Q. castaneifolia in polluted and control sites (same letters indicate no significant differences)
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Figure 5. Mean stomatal width (a), stomatal length (b), guard cell width (c) and guard cell length (d) in
C. belutus in polluted and control sites (different letters indicate significant differences at the P-value
<0.05)
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Figure 6. Mean stomata ratio of Q. castaneifolia (a) and C. belutus (b) in polluted and control sites
(different letters indicate significant differences at the P-value < 0.05)
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Abstract

Dust particles can cause disturbance in photosynthetic activities by passing through the openings and
thus reduce plant growth. The present study examines the effect of cement dust pollution on the
characteristics of leaf stomata in two important tree species of Hyrcanian forests in northern Iran. For
this purpose, the leaves of oak (Quercus castaneifolia C.A.M.) and common hornbeam (Carpinus
betulus L.) were sampled in two polluted and control sites around the Mazandaran cement factory. The
characteristics of density, width, length, perimeter, and area of stomata and guard cells were measured.
The results showed that the average stomatal density for oak and common hornbeam in the polluted site
(36.1 and 6.6 stomata per mm?, respectively) is significantly higher than the control site (24.3 and 2.5
stomata per mm?, respectively). Based on the results, the characteristics of stomatal width and length as
well as guard cell width and length in oak did not show any significant difference between the two
polluted and control sites. In common hornbeam species, the average width and length of the stomata in
the polluted site (40.5 and 75.2 um, respectively) were significantly lower than the control site (46.8
and 90.4 um, respectively). Also, in the oak species, the ratio of stomatal length to width in the polluted
site (3.5) was significantly higher than in the control area (3.1), but no significant difference was
observed in the common hornbeam species. Finally, the oak species showed better resistance than the
common hornbeam species by increasing the stomata density without a significant change in the
characteristics of the length and width of the stomata and the guard cell.
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