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Introduction

Soil, as habitat substrate, helps to regulate important ecosystem processes, including nutrient absorption,
organic matter decomposition. Water availability and the well-being of humanity are directly linked to soil
functions. On the other hand, vegetation with different species and ages have significant effects on the status of
the surface soil layer through the creation of diverse environmental conditions and the production of different
organic substances. However, few studies have been conducted in relation to the effect of the age of afforestation
and the type of vegetation on the soil status. Considering that a practical, complete and effective assessment of soil
condition should be the result of simultaneous measurement of physical, chemical and biological indicators,
hereupon, the present study aimed to investigate the effect of 20-year old poplar stand, 20-year old maple stand,
10-year old poplar stand, 10-year old maple stand and rangeland cover, in plot 3 of Delak-Khil series of wood and
paper forests in Mazandaran province, on the organic layer properties and physical, chemical and biological
(including microbial activities, enzyme activity, earthworm population and biomass, the number of soil nematodes
and root biomass) properties of the surface soil layer.

Materials and Methods

For this purpose, some parts of the study area were selected which are continuous with each other and have
minimum height difference from the sea level, minimum change in percentage and direction of slope. Then, in order
to take samples from the organic and surface layer of the soil, three one-hectare plots with distances of at least 600
meters were selected in each study habitats. From each of the one-hectare plots, 5 leaf litter samples and 5 soil samples
(30 cm x 30 cm by 10 cm depth) were taken to the laboratory for analysis . In total, 15 litter samples and 15 soil

samples were collected from each of the habitats under study. One part of the soil samples was passed through a 2 mm
sieve after air-drying to perform physical and chemical tests, and the second part of the samples was kept at 4 °C for
biological tests. One-way analysis of variance tests was used to compare the characteristics of organic layer and soil
between the studied habitats. In the following, Duncan's test (P>0.05) was used to compare the average parameters
that had significant differences among different habitats.

Results and Discussion

The results of this research showed that afforested stands with different ages and pasture cover had a significant
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effect on the characteristics of the organic and surface soil layers. The results indicated the improvement of most
of the characteristics of the organic and surface soil layer in the afforested stands, especially the 20-year old
afforestation compared to the rangeland cover. The organic matter produced in 20-year old
afforestation, especially with poplar species, had a higher quality (high nitrogen and carbon content and low
carbon-to-nitrogen ratio) compared to organic matter produced in 10-year old afforestation and pasture cover.
Most of the physicochemical characteristics of the soil under 20-year old afforestation were in a better condition
than the other studied habitats. Also, according to the results of this research, the highest values of biological
characteristics such as microbial activity, enzyme activity, and the population of earthworms and nematodes were
observed in the subsoil of 20-year old afforestation especially with poplar species. Based on the results obtained
from the principal component analysis, the higher values of nitrogen, phosphorus, calcium, magnesium and
potassium content of the organic layer led to the improvement of soil fertility characteristics, microbial activities,
enzyme activity, earthworm population, the number of soil nematodes and root biomass, respectively, under poplar
and maple plantation for 20 years, meanwhile, 10-year old plantation, especially with maple species, and rangeland
with the production of organic materials with high carbon content and carbon to nitrogen ratio, resulted in the
reduction of organic matter decomposition (greater thickness of organic layer), and consequently the reduction of
the mentioned properties of the surface soil layer.

Conclusion

According to the findings of this research, it can be concluded that plantation with poplar species, especially
after 20 years, had a higher ability to improve the soil condition compared to maple, which can be considered by
managers in future afforestation. Also, with the passage of time, the presence of tree covers (poplar and maple)
had a higher priority than rangeland cover in improving the fertility status and suitable edaphological conditions
of the soil.

Keywords: Enzyme activity, Maple, Organic acids, Poplar, Soil organisms
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poplar maple poplar maple
. el 0.92 b+9.51" 1.31 c+6.98 1.25 ¢+6.10 1.85 a+14.36 2a+13.43 89.40 0.000
Thickness (cm)
o 439bct3818  473c£37.25  312ab4398  495axd741l SO EMS2 389 0006
Carbon (%) ab
. 0l 0.30 a+2.20 0.61 b+1.77 0.05 c£1.04 0.1d+0.74 0.11 d+0.78 63.62 0.000
Nitrogen (%)
"3’”;/:' ;’;(;““ 439 c+17.51 7.70 ¢+25.52 6.98b+42.29  867at6495  8.71at5829 3423  0.000
. 0.41 a+3.95 0.33 a+3.75 0.48 b+3.01 0.74 c+2.09 0.54 b+2.76 30.92 0.000
Phosphorus (%)
”’:“t"" 0.31 a+1.96 0.33 ab+1.83 0.40 b+1.59 0.22 b+1.23 0.44 c+1.06 18.05 0.000
Potassium (%)
“’“K 0.62 a+2.13 0.55 b+1.53 0.14 c+1.10 0.16 d+0.64 0.16 d+0.73 36.39 0.000
Calcium (%)
Fe 0.17 a+0.75 0.14 b+0.62 0.17 bc+0.59 0.08 d+0.43 0.12¢cd+0.49  10.79 0.000

Magnesium (%)
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Table 2- ANOVA for soil physical characteristics in the studied habitats

ol&uiyg, obly 4525
. s Habitats ANOVA
SB b S5
Soil fo iﬁz:s AoV g oo ek Ao Ve gl doe ey . F ol s,
prop 20-years-old 20-years-old 10-year-old 10-years-old er ’ S
Rangeland F value Sig.
poplar maple poplar maple
.C“*’L” 36.47+2.44a 33.941.97 ab 29.51+1.39b 39.28+2.92a 36.81+1.06 a 3.19 0.018
Moisture (%)
sl S 131:002b 135+ 003b  133£004b  133£005b  150:005a 311 0020
Bulk density (g cm™)
e "JK’ 3 2.40+0.03a 2.43+0.07a 2.39+0.03a 2.46+0.07 a 2.50+0.06 a 0.62 0.647
Particle density (g cm™)
e 0.45£0.01a 0.43+0.02a 0.43+0.01a 0.45+0.02 a 0.39+0.02a 1.43 0.232
Porosity (%)
J)L\JL 7281124 a 72.48+2.64 a 69.29+2.29a 71.79x1.29a 69.58+2.04 a 0.695 0.597
Stability (%)
< sl " 46.26+ 3.57 a 40.86+ 2.56 ab 35.01+3.19 b 31.06+2.33 cd 23.06+2.72d 9.38 0.000
Macro-aggregate (g kg™)
hsls
. o dhst » 29.26+2.58 a 29.13+2.86a 21.13+2.52b 21.73+291ab 18.20+1.72 b 3.85 0.006
Micro-aggregate (g kg™?)
o 20.53+1.20b 19.60+2.09 b 25.73+1.13ab 33.13+3.65a 25.60+3.79 ab 4.16 0.004
Sand (%)
o
Silt 'to/) 42.26+ 2.36 bc 48.93+2.18 a 45.20+ 1.07 ab 37.86+x2.32¢c 41.20+ 3.02 bc 3.35 0.014
0
o 37.20x1.75a 31.46+ 1.24 ab 29.06+ 1.44 b 29+ 2.69b 33.20£2.42ab 291 0.027
Clay (%)
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2l dlse oig 4 ST plend la Sy wafitee pf g padiae
Koochetal., ) aad I, 50 cov iz solSiyg,y o 1) S
(2022
il S (glaseul 155 L (LS cladisS g alS g £
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Table 3- ANOVA for soil physical characteristics in the studied habitats

ol dlyly 4 5o
- Habitats ANOVA
SB b S5
& s Ao\ g Al el ] ] s
Soil properties Al Yo g0 Al Yo el Sy F s
10-year-old 10-years-old &
20-years-old poplar 20-years-old maple poplar maple Rangeland F value Sig
pH sl 7.17£0.12a 7+0.31ab 6.94+ 0.24 ab 6.27+£0.87 b 6.69+ 0.53 ¢ 7.32 0.000
Sl el 0.31+0.01a 0.28+0.01a 0.22+0.01 bc 0.18+0.02 ¢ 0.24+0.01b 13.16 0.000
EC (dS/m)
CQ(T;) 4.67+0.27 a 4.29+0.30a 4.62+0.35a 3.43+0.44 a 4.38+0.27 a 2.19 0.078
0
039 0.49+0.02 a 0.40+0.02 b 0.40+0.02 b 0.22+0.02d 0.29+0.01c 19.32 0.000
Total N (%)
°3’§; gﬁo““ 9.49+0.17 ¢ 10.68+ 0.45 be 11.46+0.67b 14.85:0.87a 14.99+0.68a 1628  0.000
O wwep . 61.10+ 3.33 ab 57.48+3.73 ab 62.48+5.71 ab 47.55+8.32 b 66.12+ 4.56 a 1.69 0.160
C sequestration (Mg ha™)
A 6.49+0.34a 5.42+0.33ab 5.52+0.52 ab 3.03£0.35¢ 4.43+0.28D 1212 0.000
N sequestration ( Mg ha™)
fAEwl HE e 1 29.20+ 2.06 a 22.30+1.47b 18.46+1.39b 12.18+1.89¢c 18.12+1.30b 14.36 0.000
Auvailable P (mg kg™?)
P B ety 400.13+ 18 a 34591+1971a  279.80+13.72b  202.66+2695¢  240.6+ 27.51 be 1328 0000
Available K ( mg kg™)
odlind JB el . 27533+ 22.73a 218.90+10.72 b 191.93+102bc  157.40+1519c¢  203.40+9.63 b 8.82 0.000
Available Ca ( mg kg™)
ol LB oo
b B e 56.53+ 1.74 a 54.03+ 1.44 b 46.36+ 1.52 b 38.40+ 3.83 d 44,06+ 1.73 ¢ 1068  0.000
Available Mg ( mg kg™)
ke o . 2.86£0.22b 3.14+0.11b 2.99£0.20 b 3.87£0.35a 254+0.24b 418 0.004
Particulate organic C (mg kg™)
oy 1 e
ok ol . 0.50£0.01a 0.44+ 0.03 ab 0.37£0.03b 0.36+0.05 b 0.37+0.03b 288 0028
Particulate organic N (mg kg™)
koSl o 5.88+0.68 b 757+054b 9.10+1.14b 14.25+2.55a 7.31:0.81b 567  0.000
Particulate organic C/N ratio
St pes 0.37+0.04a 0.35+0.03a 0.34+0.03a 0.37+0.04a 0.23+ 0.02 b 270 0037
C in Macro-aggregate (g kg™)
o mesEpef 0.23+0.06 a 0.22+0.02a 0.18+0.04a 0.20+0.05a 0.18+0.01a 094 0451
C in Micro-aggregate (g kg™)
bl oo 0.21+0.02a 0.14+0.02a 0.16+0.04 a 0.20+0.01 2 0.18+0.02a 091 0461
N in Macro-aggregate (g kg™)
R 0.11£0.02a 0.18+£0.03a 0.11£0.02a 0.10£0.05a 0.10£0.01a 106 0378
N in Micro-aggregate (g kg™)
-
oS 61.54+ 410 a 60.46+ 4.69 2 57+585a 5850+535a  48.28+4.18a 115 0336
Dissolved organic C (mg kg™)
. Joe I s . 35.52+ 1.60 ab 42.03+2.10a 30.51+ 2.36 bc 29.40+1.10 ¢ 26.94+1.98 ¢ 5.37 0.000
Dissolved organic N (mg kg™)
. e "’59’;'? @ oS . 1.80£0.17a 1.78+0.21a 224+ 043 a 2.03+0.21a 2.09+£0.32a 0.51 0.725
Dissolved organic C/N ratio
G 473742392 39.36+ 1.78 ab 3885+17lab  3571+3.63b  38.94+3.73ab 241 0.046
N mineralization (mg N kg soil™)
oo 4 39.42+3.14a 31.35+2.80 ab 26.97+3.29 b 29.74+3.73b 29.92+1.86 b 241 0.046
NH, (mg kg™)
s
il 4 39.54+3.45a 3478+ 253 a 26.30+2.06 b 21.95+1.71b 27.27+1.65b 8.80 0.000
NOs (mg kg™*)
_5,;,1_95 ol " 456.40+ 29.55a 376.26+ 37.4 ab 346.7+ 28.02 bc 399.8+34.77 ab 247.13+33.82¢c 4.18 0.004
Fulvic acid (mg g*)
Saegsn 261+ 18.43a 240.86+ 35.40 a 101.06+ 5.53 b 140.20+ 13.89 b 126.26+ 11.54 b 13.31 0.000

Humic acid (mg g)
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gl Yo pigio )5S 5 bailes Cumen oyt 45 5 )sboa
¥ JS5) sy 2 o Ve ey o) S o ol (e

85 G9x8 PH ohagt «SB (Slond o Sy > olis a5 ol
9,50 Scdld Clpess LY I SB o yies ) g3k dlge
b b sillas 0gMle 4.8l o adllas 550 clrolKiyg, cov S
o 38l Klgs o S o8 ol ials (Tardy et al., 2014)
o @l ) &S Wl sl ase Sl s 5 b il polie (g9,
S la Shy plo b amlie ) gl ol ssaline 55 (iagh
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Sge S Ko st sl lsieer gyl 5 wiss
Sl 3l aen Jls opl L (Lee etal., 2020) 5,3 o 15 odlazal
Caa oy g oilul G 4 LS idg i Wl cov S
Loz 51 )50 L dungllio 3 o] 1 (B30 ol (Sae g 48 oy
» (Wang et al., 2012) x> Hlis |y 508 b i &l
SB any] slocls o5 o L ol adlhs gl L, e
Dby g5 8b oS (5ylime gty (Bligw b)) w3l 2 4)
S5 Lojagas Al Vo lagg 5 R S ooy (31 (LS
STy pdlie dgm g SYL CudS L I olga 3959 oy pgio
Oy pd olde dlge (IS 45955 (Cheng et al., 2013) Sk
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Table 4- ANOVA for soil microbial/ biochemical activity in the studied habitats

o8y, oibyly 4
S comign [ o190 Collad Habitats ANOVA
Soil mlcroatzglllitt);ochemlcal Ja¥e e R 14(1)@ ). x;«'-lad 10»u V. dﬂ.ld S F e Eoosine
20-years-old poplar ~ 20-years-old maple -year-o -years-o Rangeland F value Sig.
poplar maple
oo o 0.47+0.02a 0.40+0.01a 0.38+0.03a 0.39+004a 0.29+0.03 b 3.92 0.006
BR (mg co, g* day™)
SR o9y oS 146£0042 131£006b 117£002b 118006 b 0.99+ 0.04 1137 0000
SIR (mg co, g* day™)
5250 02555 028 573.46236.63 ab 605.73:30.01a  511.46+21.78bc  532.60+23.85h  456.06+ 28.28 ¢ 4.05 0.005
MBC (mg kg™)
e 0255 Ol 67.76+ 1.36 a 55.95+ 2.07 b 52.44+ 2.94 b 44.10+2.88 ¢ 41.48+2.87 ¢ 17.38 0.000
MBN (mg kg™)
195540 PS5 9 % S "
.58+ 0. 11.16+0.84 10.16+0.72 12.52+ 0. 11.91+ 4. 42 .012
MBC/MBN ratio 8.58+0.65b 6+0.84a 0.16+0.72 ab 52+ 0.66 a 9 59a 3 0.0
Sglie o0 -+ -+
.88+ 0. .68+ 0.04 .78+ 0. .76% 0. .64+ 0.07 1.4 232
4CO, (BRIMBC) 0.88+0.08 a 0.68+ 0.04 a 0.78+0.08 a 0.76+£ 0.09 a 0.64+0.07 a 3 0.23
2955 e
126.16+8.04 b 146.60+7.81 b 120.44+11.12b 191.39+ 24.03 110.69+ 10.71 b 5.45 0.000
Microbial ratio (MBC/Cog) @
5 & d g + + + + +
CAI (BRISIR) 0.32+0.01a 0.31+0.01a 0.33£0.03 a 0.33£0.04 a 0.30+0.04 a 0.138 0.967
Sloysl w3l
22.65+1.21 22.60+ 0.57 14.45£0.74 b 1414+ 095D 14.07£0.86 b 26.30 0.000
Urease (ug NH*-N g*2h™) a a
3lind o o 51
Acid phosphatase (1g PNP g 528.06+ 44.26 2 457.8+2525ab  41513+3437b  299.66+16.76C  306.2+7.73c 1247 0,000
h?)
g ol 5 L 214.26+ 17.95a 175.26+£ 17.03 a 163.46+ 16.82 a 184.06+ 13.79 a 197.6+20.14 a 1.30 0.277
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Figure 1- Mean values of earthworms density (total number (F= 6.88 and P= 0.000), epigeic number (F= 4.87 and P=0.001),
number endogeic (F=1.117 and P= 0.355), anecic number (F = 1.55 and P= 0.194)) and earthworm biomass (total dry mass (F
=13. 6 and P=0.000), epigeic biomass (F =5.14 and P=0.001), endogeic biomass (F=1.19 and P=0.320), anecic biomass (F=
1.572 and P=0.191)) in studied habitats
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component analysis
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