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Table 1- ANOVA for soil physico-chemical and biological properties in studied areas

Bduasuin Olay o Egox0 Olas o (1SSle soljl 4y F ol Sl ylade
Features Sum of square Mean square Df F-value Sig
(b03) S Y 028 293.329 129.324 3 23.532 0.000
Litter C (%)
e 423.145 198.675 3 182.648 0.000
Litter N (%)
(o) S 059558 & (S’ Copu 218.543 201.372 3 113.546 0.000
Litter C/N (%)
(o) S Calied 333.640 111.213 3 47.055 0.000
Litter thick (cm)
(G pio lo F{) ol jogaze o 0144 0.048 3 2.632 0.070
Bulk density (g cm-3)
(1253) o 662.500 220.833 3 11515 0.000
Sand (%)
(oy3) s 22.250 7.417 3 0.188 0.904
Silt (%)
(x2) 0 893.750 297.917 3 10.529 0.000
Clay (%)
Cugb) 1284.616 428.205 3 3.360 0.033
Water content (%)
Sk sy 7.361 2454 3 18.340 0.000
(1:2.5 H20) pH
(50 2 o 03] S0 Sl 0.143 0.048 3 48.668 0.000
(ds m-1) EC
(325 2% 1.942 5.826 3 10.919 0.000
Carbon (%)
(o53) 039 0.240 0.240 3 67.135 0.000
Nitrogen (%)
0395 4 )5 S 1230.495 410.165 3 43.740 0.000
C/N ratio
(P55 2 pScshe) i LB i 1650.442 550.147 3 26.251 0.000
Auvailabl P (mg kg-1)
(RS 2 S k) i B oy 315401.594 105133.865 3 79.021 0.000
Availabl K (mg kg-1)
(PS5 ez ) 2 B S 75366.344 25122.115 3 10.652 0.000
Availabl Ca (mg kg-1)
(PSS 3 p S ko) i BB oo 3393.625 1131.208 3 16.291 0.000

Availabl Mg (mg kg-1)
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Table 2- Mean (xSE) of soil physico-chemical and biological properties in studied areas

Ldasuin b s LN Q9,50 JKa o
Features Natural forest Plantation Deforestation Rangeland
(122) S 8 34.60+2.76c  48.2+3.06b  55.29+2.05a  61.29+1.07a
Litter C (%)
(1222) S2¥ Gig 2.15+0.07a 1.05+0.04b 0.8+0.04c 0.78+0.02¢
Litter N (%)
(h202) Set¥ 0505 4 028 o 78.19+251d  455+2.21c  69.82+3.78b  78.19+2.51a
Litter C/N (%)
(asila) S ¥ ol 5.45+0.46¢ 9.32+0.46b  12.53+0.48a  13.80+0.71a
Litter thickness
(oo jiaile 2 p5) 625 LopaZa e g 2540 06 1.3+0.02a 1.24+0.06b  1.15+0.01c
Bulk density (g cm™)
(2222) 0 17.75+0.62c  245+0.84b  27.25+1.99ab  30.0+2.12a
Sand (%)
(10) e 44.45+193a  46.13+1.90a  46.75+2.59a  46.13+2.37a
Silt (%)
(8253) o) 37.75+154a  29.38+2.14b  26.00+2.05b  23.88+1.71b
Clay (%)
Cusb, 285141380  31.93+3.88b  38.77+5.28ab  44.96+4.32a
Water content (%)
“;: ol 707¢00la  6.69+0.05b  6.04+0.15¢c  5.89+0.19¢
(1:2.5)
(50 2t i) o) Sl Sl 0.31£0.00a  024%001b  017$0.00c  0.14+0.0ic
(dS m1) EC
(s252) o2 1.48+0.08c  1.63+0.10bc  2.05+0.18b  2.58+0.18a
Carbon (%)
(1222) i 0.35+0.01a 0.22+0.01b  0.16+0.01c  0.12+0.00c
Nitrogen (%)
0397 & 02 S 4.21+0.22d 738+0.45¢c  13.33+1.48b  20.47+0.49a
C/N ratio
(PSS 2 p 5] ol LByt 26.15¢2.36a  21.84+1.98a  12.13:0.83b  8.31:0.49b
Availabl P (mg kg™?)
(SRS 2 p5ke) ie MB ol 359 05114 908 284.63+1556b  139.25+8.93c  136.00+10.86¢
Availabl K (mg kgt)
(PSS 2 pSka) ole LB weds 998 98197170 185.88414.37a  126.00:10.74  105.88:10.87b
Availabl Ca (mg kg™?)
(P35S » p S cha) ol LB e 55.50£3.07a  44.1+172a  34.25:334b  28.38+3.32¢

Availabl Mg (mg kg1)
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Table 3- ANOVA for soil biological activities in the studied areas.

dasuba Olap ggome  Oluye onbe  ljla2ys Flaile (gl dna ke
Featuers Sum of square Mean square Df F- value Sig
: s
SB slap S slis 20500 6.833 3 11.255 0.000
Nearth
S slapS 090 4085.343 1361.781 3 12.972 0.000
Bearth
S Sl ooz 747300.375  249100.125 3 44.121 0.000
Nematod density
0395 M (e 5434.077 1811.359 3 38.692 0.000
Nmin
poize 663.578 221.193 3 13.994 0.000
NH4
<l 5475.020 1825.007 3 38.264 0.000
NOs
wf);f"Rw"“s 0.679 0.226 3 37.107 0.000
S 4 Sl s 0.965 0.322 3 14.682 0.000
SIR
oS e o5 H0g5) aag 6950.781 3 1.002 0.407
MBC
0395 (955w 035 1307.211 435.737 3 10.365 0.000
MBN
Spbe o 0.000 0.000 3 30.499 0.000
qCO2
Jl_s @9{&.@ e 2.594 0.865 3 2.391 0.900
Microbial ratio
O & eyt pa3ld 0.205 0.068 3 13.682 0.000
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Introduction: Degradation of forest habitats and alteration of soil vegetation are efficient factors affecting
the variability of ecological indices of organic and mineral layers of soils. In Iran, degradation of forest habitats
and changes in habitat type, especially over the last century, affected soil quality, plant biomass production and
environmental sustainability. Hence, in this study, the effect of different forest and rangeland vegetation types on
the ecological parameters of soil organic and mineral layer has been investigated.

Materials and Methods: To study and evaluate the effects of forest degradation and site change on soil
organic and mineral ecological indices, four types of vegetation were selected in Gorgpas areas, southwest of
Chalus city, Mazandaran Province. The land cover is as follows in the study area:

(1) Less-degraded forest dominated by Carpinus betulus L.- Parrotia persica C. A. May

(2) Fourty year's old plantation of Pinea abies (L.) Karst - Pinus nigra Arnold

(3) Deforested areas including Carpinus betulus L. - Parrotia persica C. A. May

(4) Exclosure rangeland dominated by Coronilla varia L.

Physiographically similar land covers, were selected during a field research in the studied areas. Eight litter
and soil samples (0-15 cm in depth and 30 cm x 30 cm in depth) were collected from each area in summer. In
order to reduce the boundary effects, sampling was performed in the center of each land cover. The collected
samples of organic layer (litter) and soil mineral transferred to the laboratory for analysis. The collected data was
stored as a database in Excel. Then, to analyze and compare the data, the normality distribution of observations
was evaluated by Kolmogorov-Smirnov test and variance homogeneity by Levene test. Analysis of variance used
to investigate the significant/non-significant differences of different soil organic and inorganic layer
characteristics in relation to the studied areas. Duncan test used for multiple mean comparisons. All statistical
analyzes were performed by SPSS software version 23. Principal component analysis (PCA) was employed to
study the relationship between soil organic matter and soil mineral quality in the studied land cover.

Results and Discussion: According to the results, in the soil organic layer the highest carbon/nitrogen ratio
(%) assigned to the rangeland, while the nitrogen (%) content was highest in the natural forest. The highest
amount of carbon and organic layer thickness were also observed in rangeland and degraded forest cover,
respectively. In the mineral soil layer, the highest value of sand (%), moisture (%), carbon (%) and carbon to
nitrogen ratios (%) belonged to the rangeland cover, while the highest amount of clay v (%), pH (1:2.5 H,0),
electrical conductivity (ds m™), nitrogen (%), phosphorus (%), potassium (mg kg?), calcium (mg kg?) and
magnesium (mg kg™) were observed in the forest cover. The highest number and biomass of earthworms (n m-),
nematode population (In 100-gram soil), nitrogen mineralization (mg kg™'), ammonium (mg kg?), nitrate (mg
kg™, basal respiration (mg CO2 g day?), substrate induced respiration (mg CO2 g* day?), microbial nitrogen
biomass (mg kg') and metabolic coefficient (ug CO2-C mg* MBC day) observed in forest cover. There was no
significant difference between the studied vegetations for bulk density (g cm) characteristics, silt (%), microbial
biomass of carbon (mg kg?) and microbial coefficient (ug CO2-C mg* MBC day™?). Higher nitrate density in
natural forest and under cultivated soils are due to the presence of litter species with low carbon/nitrogen ratio,
high pH and calcium. Conversion of natural broadleaf covers to needle leaf plantation and rangeland reduces the
biochemical processes of ammonium. Nitrogen mineralization rates are strongly influenced by area management
and forest canopy cover, so that under the broadleaf stands, this rate was more than the needle leaf stands. This
probably was due to the greater nitrogen of litter, the lower carbon to nitrogen ratio and the faster rate of
decomposition of organic matter in broadleaves. Most of the time the increase in pH increases the rate of
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mineralization of nitrogen.
Conclusion: The present study indicated that forest habitat had the highest number and biomass of

earthworms, soil nematode population, ammonium, nitrate, metabolic coefficient, basal and substrate induced
respiration, carbon availability index, microbial biomass and nitrogen mineralization, while, there was no
significant difference between the studied forests and rangelands in carbon microbial biomass and microbial
coefficient. In general, the results of this study showed that the physicochemical and biological characteristics of
soil organic matter in the forest habitats were better than other studied vegetations and the forest degradation and
land-use changes reduced soil fertility and microbial indices.

Keywords: Broad-leaved forest, Exclosure rangeland, Needle-leaved plantation, Nitrogen biomass
microbial, Microbial activities
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Tests of Hormality

kalmagaray-Smirnoy?

Zover Statistic df Sin.
Clitt Less degraded 74 g HET
Picea-Pinus 154 a a2
Deforested ATT a By
Rangeland 236 a ABT
it Less degraded AR2 a A13
Picea-Pinus 222 g 213
Deforested 183 a 811
Rangeland 147 g afud)
CHlitt Less degraded 20 g B23
Picea-Pinus 204 a a8
Deforested 2TR a 73
Rangeland 196 g 324
Thick Less degraded 222 g a8
Picea-Pinus .31 a 83z
Deforested 198 a 148
Rangeland 241 g 42
BDO Less degraded 151 a ARB3
Picea-Pinus 294 g 059
Dieforested 226 g 23
Rangeland 240 a a0
Sand Less degraded 2048 g 3
Picea-Pinus 208 a A2
Deforested M3 a 327
Rangeland 199 a B16
Silt Less degraded 214 g 754
Picea-Pinus 163 g 623
Deforested 219 a B34
Rangeland 249 g a3
Clay Less degraded 1586 a 729
Picea-Pinus 198 a 428
Dieforested 197 g 371
Rangeland 240 a a7
Maoisture Less degraded 161 g 390
Picea-Pinus 258 a 26
Deforested 244 a 74
Rangeland A06 a 298
pH Less degraded 152 a B33
Picea-Pinus ATE g 562
Deforested 382 a 238
Rangeland 314 g Bad
EC Less degraded 208 a A12
Picea-Pinus 481 a 28
Dieforested 2T2 g 354
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C Less degraded 181 a 28T
Ficea-Finus 247 a J65
Deforested 244 a JTE
Rangeland 1494 a 643
M Less degraded 208 8 76
Picea-Pinus 323 a 164
Deforested 220 a 413
Rangeland REL g a3
CM Less degraded 229 g 087
Picea-Pinus 188 a 843
Cefarested 73 a A3z
Rangeland 273 a 091
P Less degraded 244 8 ATT
Ficea-Finus 1849 a A4z
Deforested 208 a B3
Fangeland 204 a A3
b Less degraded 220 g 271
Picea-Pinus 272 a 09z
Deforested 227 a 287
Rangeland A0 a B0
Ca Less degraded 161 g A23
Picea-Pinus 215 a B12
Cefarested 72 a 198
Rangeland A7 a 212
Mg Less degraded 133 a AR3
Picea-Pinus 239 a 381
Deforested ATT a 203
Rangeland a7 a B3
Mearth Less degraded 280 a a0
Picea-Pinus 455 a Rl
Deforested 39 a 423
Rangeland 300 a 093
Eearth Less degraded 181 8 BY3
Picea-Pinus 453 a 464
Deforested ara a h64
Rangeland 364 a 1849
Mematode Less degraded 260 8 14
Picea-Pinus 19z a 287
Deforested 212 a A1z
Rangeland 240 a 194
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Mmin Less degraded 1488 8 A43
Picea-Finus 204 g 218
Deforested 223 a 387
Fangeland 261 a A7
Ammonium  Less degraded 283 g 098
Picea-Pinus 169 a 56
Deforested 214 a 287
Rangeland 203 a 145
Mitrate Less degraded 313 a AR1
Ficea-Pinus 78 a 24
Deforested 334 a 87
Rangeland 282 a 44
BR Less degraded 248 g a8
Picea-Pinus 145 a 312
Deforested 270 a 088
Rangeland 158 a AN
SR Less degraded 243 g A8
Picea-Pinus 183 a 198
Deforested A2z a 267
Rangeland 224 a 4981
MEC Less degraded 162 g A43
Ficea-Finus 240 g 1488
Deforested B2 a a8z
Rangeland 261 a 1B
MEM Less degraded 2583 g 42
Picea-Pinus J180 a 265
Deforested 300 a 312
Rangeland 289 2 ar2
qCoz Less degraded 204 a 156
Picea-Pinus 68 a 337
Deforested 313 a 23
Rangeland 146 a 67
MF Less degraded 212 g G883
Ficea-Finus Relils a A0
Deforested a2z a 62
Rangeland 60 a 2TE
Al Less degraded 187 g a8
Picea-Pinus 223 a 452
Deforested 247 a 62
Rangeland 184 g 198
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Test of Homogeneity of Variances

Levane
Statistic dlf1 df2 2ig.
Clitt 2870 3 28 192
it 3.025 3 28 281
CHlitt 1.445 3 28 281
Thick 1.767 3 28 JTE
BD 4933 3 28 873
Sand 6.026 3 28 JBT
Silt k98 3 28 61
Clay B34 3 28 Th2
Moisture 5.280 3 28 188
pH 13.441 3 28 Ralt|
EC 2547 3 28 076
C J24 3 28 46
M 1.138 3 28 381
CM 2.841 3 28 4483
F 3.073 3 28 Jar
K 1.581 3 28 2B
Ca 3.326 3 28 286
Mg 71 3 28 4520
Mearth a.078 3 28 843
Eearth 5.650 3 28 4583
Hematode B6.407 3 28 432
Mrmin B3 3 28 B0
Armmmoniurm 3.478 3 28 342
Mitrate 2693 K] 28 387
BR 1513 3 28 233
SIR 278 3 28 .840
MEC 1.720 3 28 186
MEMN 1.232 3 28 B
ool 1.7589 3 28 T8
MF 603 3 28 B18
CAl 1.900 3 28 53




