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the area (b), sampling plan for each studied habitat (c)



ay Ve BAY Gmio VF0 s o) 8yl qepize Jlo ool SLIS ezl o]l i alors

ke all; csll Gl glacale 156 Jbj)!
Ao s el el (SLS S senl)
Cheng et al. ) alal, 5l oolawl L (CAD) o,
A0Sl S Ay A0l il e 5 (1993
835555 el 51 (MR) (025,500 ot - deslons

Parkinson & S I 1,5 an 0,5 09,500
i (xS5le 0wl Caws 4 (Coleman, 1991)

S el wl L YGME) a5l slacls
(Hinojosa et al., 2004; ;L5401 ¢ ;6 e ]
E9— .0 dwlowe Paz-Ferreiro et al.,, 2012)
Sloolii ol b oo 5T Lz cdled 5l S 60 ,Shae
Paz-) o dwlme (H') ¥ 10—yl £455 a5l
sleedld swaie Sl (Ferreiro et al., 2012

10 dwlee V Aolee 5l oolaiwl b can 3]

GME = i/Urease +ALP + ACP + Invertase + Aryl \ abl 5
¢ Invertase AACP ALP {Urease a_lal, -, o1 o

Blad ool 5 lls CJled ol o ey Aryl
Hinojosa et ) ooy oo Lis |y 6lWew syl ¢ 56,55
65, as £45 (al., 2004; Paz-Ferreiro et al., 2012
—opls Lasls ol ssliiwl b S eyl slacles
F S oo Shes g9 b dlone py O g0y g
oplds go5 asld sl eolawl b w3l ez culled
0 dewlswe (Paz-Ferreiro et al., 2012)
H=->" PLnP, Y ala,
ples ggomme dmy sl Cudlad jo Cos L Pi o
R P GO+ PP PG | PY-

S ol @3lh g mSo )l
¢ Pompili et al. (2008) Lwg Sl SGjsdgm
30 S ol sl sl Renzi et al. (2017)

1. Geometric mean of the activity of the enzymes;
GME
2. Shannon—Wiener Diversity Index; H'

P b3l & 525 9 (5,0 paiges by

o ez yo by cunldl sl 5l G e o
Oy 9 dlios Conday BT e 58 Loyl i L)
d—ad 0 S5 dabges Ve (S cosay IS5
Sroglaw YoeoVe g Ve L5 e oo 99 5l i)
8395 5| JuS soasiges (il agsl ot aid F
ol a8 5 allyy tlil Joma 4y S0z Sz
b 2 3 gk cnl 2] 6l i (ylaex
x Voo olal) LS G Colue 4 diged askd oo
0351 (e g (rb S (525 9 )0 (e Ve
30 digad Olekad ol Sl alby 8 e J2lo o
ol 13 0SSl gme Fer LY. Alols
Ll g 1S538 o Sg eyt K Ll
S5 i (64l paised slalKe dan ) ol
5o 5 absS o Jolt ol gy | S sloaisal
S Gos 90 5l (6, pdigad .ol Cuiloy dxdad
@Lbé)f&‘d)ds(ﬁ.osguv’ Ly 5\’ L:’)
Srdaises .o3,5 alodl o ol Yo x Ve slal 4
e a0 So05 b K> SO o vl S
LAY sgas slalols .asas 5 5laes dlb; o480
B 50 sl Jowe g ally (80 e (e VO
&l S GM‘S”,‘&? Cladsges ol a8 3
olSiales] b ay (S 5 (29,500 slagiales]
Sl S ladiges I idu SO asal ools Jlazl
Salsn | ey (ol 5 (05 slagiales]
OB g 00 0018 jee (6 e oo ¥ STI 1 ol
Siulosl ley B ciws s slaiale;] (sl ladiges pgo
Sl o oy S ol S il ds o ¥ les o
Sleaiode S5, el 5 coupl cdlad i
oo o eolawl YA00 JLw ,o Nannipieri
S Sl 60 o 35 31 (qCO2) SIgl o
prS 2 3l el 1o )0 0alioll () 2,5 k)
S 515 029,500 835565 » (wl i ) S
!y= (Cheng et al., 1993) a_& awlxs (p,-5)




S sl Kz 0 by sl il cos S s Grlols 5 05, sloasls i Ay

¢~ (Anderson & Domsch, 1990) o 4wl
P9y 3 esliiawl Ly 3978 9 (S o (e
Raiesi et al., ) ad s 2Kisloj] 5l sl
203l Jga> (2012a; Raiesi et al., 2012b
ol 00 d e a3l ol o ygl o gl
ode polie lul o yiall jo (Vg ) laJgaz)
YU SYLIU- PR PR ETA R B 08 IR W APJ W 2 AR
Slib samsal)l b o 6l p Sl ggee

Ll S (g pudols asls golpains

QOIVYY xS d_ﬂ S =Sls &_JI sole) S
oy (S (95w 899555 (S el S
l_g Jl_‘> :\_.Ju.i:‘).’ w.a.._: 9 d..’lJ u,u.o.g Lg)"f")“‘\"‘
QT saszMeal s, 5‘4.';_“.3 S gy 3l eolasl
— AT g, A oS (slrodgis) .28 ,F bl
Brookes ) o eduztw ol8inle ;] lame 4o 7l Suil

RS (m95%0 839585 9 = Al il S

@bz gl yially sl polie Jolgd ohiloel -V Jgor

Table 1. Scores of value intervals for different parameters
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Table 3. A- Analysis of variance of soil microbial characteristics in waste accumulation sites in different cities
(Chalous, Noor, Shirgah and Behshahr), in different pollution conditions (waste accumulation and adjacent
forest stand) and different depths
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conditionsx Depth Pollution conditions Location dadin
Location Properties
Sl F ks &)l sire F i b Flaie  gbase  F jlads
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Table 3B. (Continued)
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Figure 2. Average + (SE) enzyme activity of Urease (a), Acid phosphatase (b), Arylsulfatase (c), Invertase (d),
geometric average of enzymatic activity (e), and Shannon's enzymatic diversity index (v) in the various locations
(Capital letters). Lower letters indicate significant differences (P<0.05) in two different conditions at two depths
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Figure 2. Mean + (standard error) of metabolic coefficient index (a), microbial ratio (b) and carbon availability index

(c) in the study areas (different capital letters indicate significant differences (P<0.05) in different cities; different
lowercase letters indicate significant differences (P<0.05) in two different pollution conditions at two depths)



Table 4. Pearson correlation coefficients between soil characteristics
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Table 4. Soil biological fertility index in the studied cities
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Abstract

Introduction: Landfilling, also known as open dumping, is among the most commonly employed methods for
managing municipal solid waste globally. Currently, numerous active landfill sites in developing nations are
deficient in proper leachate collection systems and sufficient treatment facilities, leading to significant
environmental harm, especially in the Hyrcanian forests. Nevertheless, there has been no comparative research
published regarding microbial indices and soil biological fertility between natural forest stands and landfill sites in
Iran. Consequently, this study was undertaken to address this deficiency, concentrating on four cities (Behshahr,
Shirgah, Noor, and Chalous), examining both adjacent forests stands (uncontaminated) and landfill sites.

Materials and Methods: In this research, soil samples were taken from four waste accumulation locations
across various cities. At each location, 20 soil samples were gathered during the growing season from two
depths: 0—10 cm and 10-20 cm. Additionally, control samples were obtained from nearby, uncontaminated forest
areas to compare with the contaminated sites. All samples underwent chemical and biological analyses after
being transported to the laboratory. To evaluate biological fertility, the soil biological fertility index was utilized
as a standard measure. This index is determined based on factors such as soil organic matter, basal respiration,
microbial biomass carbon, metabolic coefficient, and mineralization rate.

Results: Across all cities, soil microbial and enzymatic indices were significantly lower in landfill sites
compared to the adjacent forest stands (P < 0.01). The results further revealed that the highest and lowest
activities of urease, acid phosphatase, arylsulfatase, and invertase at both depths were observed in Chalous and
Behshahr, respectively (P < 0.01). In addition, the assessment of the soil biological fertility index indicated that
all four cities fell within the pre-stress (alarm) condition, with the lowest score (9) recorded in Behshahr.
Conclusion: The findings of this research demonstrated that waste accumulation in the Hyrcanian forests leads
to a significant reduction in soil microbial indices, enzymatic activities, and biological fertility compared to
uncontaminated forest soils. These changes represent a serious threat to the sustainability of forest ecosystem
functions. Therefore, the results of this study can be directly applied in the sustainable management of the
Hyrcanian forests. It is recommended that management actions such as preventing unregulated waste disposal,
continuous monitoring of soil quality, and designing bioremediation programs in contaminated areas be
considered as top priorities by natural resource and environmental managers.
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