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ABSTRACT

Hyrcanian forest ecosystem is considered to be one of the most important natural deciduous
forests in the world. Today, these forests are being devastated by human activities. So there have
been many plantation establishments with endemic species in degraded forests of this area. But
the effects of such conversions on soil C and N stocks and nutrients are still unknown. We
investigated the effects of conversion of a degraded natural forest to Alnus subcordata .L, Acer
velutinum .Boiss and Cupressus sempervirens. var.horizontalis plantations on soil C and N
stocks and nutrients after 18 years. The studied stands are located in the county of Chamestan in
the province of Mazandaran, Iran. Some of soil chemical and physical properties including
available nutrient concentrations (Ca, Mg, P and K) and total N and organic C stocks in the soil
were determined in three soil depths (0-15 cm, 15-30 cm and 30-50 cm). Soil available nutrients
were higher under plantation stands compared to the degraded natural forest except for soil
available K which decreased under A. subcordata plantation. We expect increasing the soil
nutrient improvement with increasing the age of plantation stands. A. velutinum and C.
sempervirens had increased soil C and N stocks but A. subcordata decreased soil C stock and
increased soil N stock in comparison to the degraded natural forest. These results indicate that
conversion of degraded forests with appropriate species can significantly improve soil C stocks,
hel ping to mitigate the negative impacts of the greenhouse effect.

Keywords. Acer velutinum .Boiss, Alnus subcordata .L, climate change mitigatiorCupressus
sempervirens. var.horizontalis, soil nutrients.

INTRODUCTION

Hyrcanian forest ecosystem is considered to beaodrtbe last remnants of natural deciduous
forests in the world. In comparison to Europearalirteaved forests, the Hyrcanian forests seem
to have remained from the Tertiary and to be retiosystem [43].
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In Iran, Hyrcanian (Caspian) forests are locategraéen strip extending over the Northern Slops
of Alborz range of mountains and Southern coasti®f{Caspian Sea. This zone has a total area
of 1.84 million ha comprising 15% of the total Iram forests and 1.1% of the country’s area
[27]. These forests stretch out from sea levelouart altitude of 2800 m and encompass different
forest types [44].

Original old-growth northern forests of Iran areses#tial sources of genetic variation,
biodiversity, commercial woody products, and vasicenvironmental services (e.g., ground
water reservation, auxiliary forest products primns wildlife habitation, and erosion control)
[39]. The presence of approximately 146 native wospecies, some of which are ecologically
endemic [45], the diverse range of climatic comahis over the approximately 900 x 70 km2 of
horizontal/vertical forest expansion, and extensiielife habitat, highlight the importance of
the original northern forests of Iran [3%agus orientalis (Oriental Beech),Carpinus betulus
(European hornpeanicer velutinum (Velvet Maple),Quercus castaneifolia (Caucasian Oak ),
Acer cappadocicum (CappadociarMaple), Alnus subcordata (Alder), and Tilia platyphyllos
(Large-leaved Linden) are the most important tperies in these forests [46]. Also these forests
support such important species liReunus divaricata (Cherry Plum) Pterocarya fraxinifolia
(Caucasian WingnutBuxus hyrcana (Boxwood), Platanus orientalis (Oriental plane)Zelkova
carpinifolia (Caucasian Zelkova)Jimus campestris (Field EIm), Celtis australis (Lote tree),
Morus alba (White Mulberry),Robinia pseudoacacia (Black Locust),Populus caspica (Poplar),
Albizia julibrissin (Persian Silk tree)Taxus baccata (European Yew)Cupressus sempervirens
(Tuscan Cypress) etc. [44].

Today, these forests are depleting rapidly due dpufation growth, and associated socio-
economic problems, industrial development, urbaniand more recently intensive/irregular
tourism [39]. About 60% of Hyrcanian forests arenaged for timber production and the
remainders are degraded to varying degrees [4@.ekistence of different land-uses, and their
increasing alteration, mainly by local communitiessmanagement of natural resources over
long periods of time, plans for industrial develaorh (e.g., establishment of industrial towns
adjacent to the forested areas), public road coctsdbn without detailed environmental
considerations and shortage of human/financial uess for sustainable monitoring and
management of the forest resources are threatémngxistence of the Caspian forests [39].

What is obvious is that the natural forests havenhender continuous degradation over the last
few decades in this area and there is an urgert teeenaintain the functions of this unique
forest ecosystem. So National forest managemeitiadff have acknowledged this fact and have
initiated actions for sustainable management of @wspian Forests, Different forms of
management schemes are planned for implementaitimh, as documenting and exhibiting the
forest disturbance and supervision and manageniéim eemaining natural forest ecosystems in
the region [39]. Agricultural abandonment and tpdanting for commercial or restoration
purposes are also two main methods for the foestoration [16, 41, 11]. So there were many
plantations with endemic and exotic species in alégpl forest areas which certainly had many
effects on ecosystem specifically on soil fertibtyd nutrients.

Forest plantations were introduced to supply fuebty charcoal, fodder, sticks and building
materials. They were also planted to restore degr#hds, to control soil erosion or to serve as
buffer zones around roads and areas of naturat®[&5, 19, 24 34]. Although the area of forest
plantations has increased, there has been coneerrithir ecological and environmental effects.
It is believed that: they sustain a low diversitynaldlife; they are high consumers of water and
nutrients, and increase soil acidification [10,.ZWis has led to studies of soil properties under
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forest plantations in comparison to natural foreptstures, natural savannas and croplands all
over the world [29, 57, 19, 25, 34, 53]. Hithertonsiderable researches have been carried out
concerning species influence on soils in Hyrcaraasts of Iran, but results are not consistent
and generalizations are not possible and also mwiosihese researches are not published in
English language. Also there are no researchesitfaguwn effects of forest plantations on soil C
and N stocks in comparison to natural forests agratted forests in Northern forests of Iran.
Therefore, this study intended to fill this gap fmcusing on soil attributes under similar
environmental and soil conditions, 18 years afterversion of a degraded natural forest to three
species plantations. These species selected arhengndemic and most used by foresters in
North of Iran.

MATERIALSAND METHODS

2.1. Study area

The study area is located at the Chamestan regidazandaran province, on the northern of
Iran (3629' N, 527' E). Study stands were located at an altitud@0ofn above sea level and
with low slope (0-5%). Annual rainfall averages 8@, with wetter months occurring between
September and February, and a dry season from AgrAugust monthly rainfall usually
averages < 40 mm for 4 months. Average daily teatpegs ranges from 11°T in February to
29.5° C in August. The soils have the textures of loam aay loam with an acidic pH in top
layers and in deep layers soil textures were atalysdlty clay and soil pH was less acidic.

Previously this area was dominated by degradedradatorests containing native tree species
such asQuercus castaneifolia, Zelkova carpinifolia, Parrotia persica, Carpinus betulus,
Diospyros lotus and Buxus hyrcana. But 18 years ago after clear cutting (in sma#aarin
degraded natural forests), reforestations has bstablished (with 2x2 m spaces) in this area
with three species includingAlnus subcordata .L, Acer velutinum .Boiss and Cupressus
sempervirens. var.horizontalis [3].

2.2. Sampling method

For investigate the effect of Conversion of degdadatural forests to plantations on soil carbon
and nutrients, four experimental sites were chasegdhamestan region of Hyrcanian forests in
Northern Iran. Three plantation stands includiddnus subcordata .L (AS), Acer velutinum
.Boiss (AV) andCupressus sempervirens. var.horizontalis (CSH) and one degraded natuaaidst
of Quercus-Zelkova (DNS), each with area of 10 ha.

At any stands four 5x5 m plots with randomly systémstatistical method selected and in each
plot the soils were samples in three depths: 0mM516-30 cm and 30-50 cm, after removing the
litters. To minimize the inaccuracy, one additiooambined sampling was implemented: the soil
samples of the four corners of each plot were mickad then these samples were mixed
together. So then in every stand for each dep#ilyden samples were collected [33, 32, 37, 30,
20].

2.3. Laboratory Methods

After air drying, soil samples were passed throaghO mm (20 mesh) sieve to remove roots
prior to chemical analyses. Then, Soil pH was deftged using an Orion lonalyzer Model 901
pH meter in a 1:2.5, soil: water solution. EC (&ieal conductivity) was determined using an
Orion lonalyzer Model 901 EC meter in a 1:2.5, :swihter solution. The soil texture was
determined by Bouyoucos hydrometer method [7]. bk density (g/cm?) was studied with
volumetrically [6]. Soil organic matter was detenmd using the Walkley-Black methdd].
Total N was determined using the Kjeldhal methofl Evailable P was determined with
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spectrophotometer by using Olsen method [21]. Add K, Ca and Mg (by ammonium acetate
extraction at pH 9) were determined with Atomic@&ipsion Spectrophotometer [8].

The averages of soil bulk density, C and N conedioins were used in this study. The total
stocks (G g cm?) of soil organic C and total N were calculateda®wing [17, 12]:

C,=BDXCXD

Where BD is the soil bulk density (g & C the soil organic C and total N concentrati®®),(
and D is the soil sampling depth (cm).

2.4. Data analysis

The data obtained have been statistically analysaty the SPSS 17 software. The normality of
data examined with Kolomogorov-Smirnov test andhtbmogeny of variances was investigated
by Levene test. Attending to the normality and aace homogeny of data, Two-way analyses of
variance (ANOVA) were used to compare soil progsramong experimental sites. Duncan tests
were used to separate the means of dependent leari&d@arson correlation was used to assess
the correlation between soil properties acrosstatlied stands.

RESULTS

3.1. Soil attributes

Particle size of all three depths considered wigaifecantly different (p <0.05) between stands
except for the silt and clay fractions of the 0Oeb® soil layer and the sand fractions of the 15-30
cm soil layer. The soil under the degraded natstiaald (DNS) had higher clay and lowest sand
fractions than the soils of the plantations (TabJe This may be attributed to the effects of
planting practices and associated disturbance®sdhs of the plantations. Several other studies
conducted on a similar soil as the soil of our gtaile have reported rapid alteration of stable
soil properties including particle size distributsowithin relatively short periods when subject to
deforestation and subsequent cultivation and piiamta

In the 0-15 cm soil layer, Bulk density (g/&ndid not differ significantly between degraded
natural stand (DNS) anA. subcordata (AS), A. velutinum (AV) and C. sempervirens (CSH)
plantations. But in the two other soil depths itsvggnificantly different (p <0.05) between the
stands (Table 1). In the depth of 15-30 cm thewswder the CHS stand had highest Bulk density
and in the 30-50 cm soil layer the AV stand hadhegy Bulk density.

Soil pH and EC of all three depths (0-15, 15-30 38¢b0 cm) differed significantly (p <0.001)
between DNS and plantations. Soil pH was loweseulNS in all three soil layers and AV had
highest soil EC (Table 2). As it is seen in tablepfantation withA. velutinum and C.
sempervirens significantly increased soil EC in compared to ttegraded natural stand. Soil
organic C and total N in the depths of the 0-15 2BeBO cm were significantly different (p
<0.05) between degraded natural stand and plantatiands. But there were no significant
differences in soil organic carbon and total Nhe B0-50 soil layer. Therefore, it can be said
that conversion of degraded natural forest to plaons partly had improved soil C and N
contents. Also C:N ratio differed significantly §9.05) between stands in two top layer of soil
and the degraded natural stand had higher ratio tthea plantation stands (Table 2). As can be
observed in the results that shown in table 2, emion of degraded forest to plantations had
significantly improved soil available nutrients (Pa, Mg and K). Plantations had significantly (p
<0.05) increased soil available P in the top Odyet of soil. But in two other soil depths the

388
Scholars Research Library



Moslem Akbarinia et al Annals of Biological Research, 2011, 2 (5):385-399

changes was not significantly different. Availalla and Mg were significantly (p <0.001)
higher under AS than under DNS, AV and CSH infaiéé soil layers. Also DNS had the lowest
amount of available Ca and Mg compared to the ptaot stands in all three considered depths.
Available K also was significantly different betwethe studied stands. In all three soil layer AS
had the lowest amount of available K than the otitedied stands (Table 2). So it can be said
that the conversion of degraded natural stand.teubcordata (AS) plantation had negative
effects on soil available K 18 years after the @sion.

Table 1- Soil physical propertiesin the degraded natural stand and plantationsin three soil layerswith their
standard error (below)

Depth (cm) DNS AV AS CSH ANOVA
0-15 48 a 445 a 49 a 405a ns
(9.66) (7.84) (2.88) (2.5)
Silt 15-30 335b 40 ab 49 a 355hb .
(%) (3.5) (4.69) (2.69) (2.06)
350 35b 37.5ab 495 a 305b .
(3.69) (4.78) (4.78) (2.21)
0-15 205b 33a 24.5 ab 28.5 ab .
(3.4) (2.88) (4.03) (2.21)
Sand 15-30 175a 25a 205a 25a ns
(%) (2.5) (4.79) (4.57) (2.91)
350 165b 26.5a 17b 28 a .
(2.06) (2.06) (2.64) (1.82)
0-15 3l5a 225a 26.5a 3la ns
(9.21) (5.9) (3.3) (2.29)
Clay 15-30 49 a 35b 305b 39.5ab .
(%) (3.96) (5.68) (4.03) (0.957)
3-50 48.5 a 36b 335b 415 ab .
(2.87) (3.36) (3.86) (0.5)
0-15 191a 2.28a 1.724 a 2.35a ns
(0.245) (0.246) (0.132) (0.292)
Bulk Density 15-30 191b 2.13b 1.77b 3.06 a .
(g/cnt) (0.1355) (0.1712) (0.103) (0.444)
3-50 2.59 ab 3.6a 1.88 ab 3.03b .

(0.502) (0.318)  (0.188)  (0.487)
a- ANOVA results: Mean values with the same |etter within the soil layer do not differ significantly with each other.
* show the significant at the 0.05 level.

The output of analysis of variance of soil attrémiin three depths the four studied stands with
interactive effects of stand and depth are predemeTable 3. The stand tree vegetation
significantly influenced all soil attributes excdpt organic C. The depth effects on Clay (%),
Bulk Density (g/cr}), Organic C (%), Total N (%), C:N ratio, Exchangka Ca (mg/kg),
Exchangeable Mg (mg/kg) and Exchangeable K (mgikgs statistically significantThe
interactive effects of stand and depth was sigaifionly in soil organic C (%).

Results of Duncan test between three soil layefsb(A5-30 and 30-50 cm) properties indicated
different results for each of stands. As under deégd natural stand (DNS), EC, OC, total N,
C:N ratio, available Ca and available Mg were digantly differ between three soil layers. Bulk
density, OC, total N and C:N ratio were signifidardiffer between three soil layers und&r
velutinum (AV) plantation. UnderA. subcordata (AS) plantation, OC, total N, C:N ratio and
available P were significantly differ between thrdéferent soil depths. Also undeC.
sempervirens (CSH), silt and clay percentage, OC, total N, €aNo, available Ca and available
P were significantly different between three coaséd soil depths (Fig 1).
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Table 2- Soil chemical propertiesin degraded natural stand and plantationsin three soil layerswith their
standard error (below)

Depth (cm) DNS AV AS CSH ANOVA
0.15 5.77b 711a 7.14a 72a -
(0.125)  (0.186) (0.082)  (0.206)
pH 15-30 6.03 ¢ 7.02b 7.13 ab 7.56 a -

(0.211)  (0.107) (0.051)  (0.224)
506c  7.12b 7.22b  7.83a

3-50 s
(0.086)  (0.149) (0.173)  (0.127)
o1c  0549c 1264a 178c 881D -
(0.444)  (1.75)  (0.287)  (1.39)
0.42¢ 1019a 15c  6.67b
EC (ds/m) 1530 ho018) (143) (0.35)  (1.64) "
sgo  0463b 946a 130b  887a .
(0.021)  (1.55)  (0.21)  (1.07)
e 128ab  134a  133a  121b -
(0.029)  (0.03) (0.003)  (0.045)
. 087b 122a 117a  118a .
Organic C (%) 1530 h115)  (0.066) (0.053)  (0.054)
350 1.14 a 0.97 a 0.93 a 0.88 a ns
(0.051)  (0.101) (0.135)  (0.123)
1o 02568b 04148a 0.3985a 0.35/5ab
(0.033) (0.0739) (0.02)  (0.023)
0.0995b 0248a 0237a 01878ab
Total N (%) 1530 “h023) (0055 (051)  (0.013)
s50 014782 01498a 0.132a 0.116a .
(0.027)  (0.039) (0.028)  (0.022)
o1t 52a  352b  338b 347D -
(0534) (0571) (0.174)  (0.314)
_ 941a  543b 541b  6.35b .
CN 1530 gos8)  (0.722) (0.726)  (0.41)
350 8.6a 7.21a 7.39a 7.8 a ns
(161) (0975 (0.589)  (0.482)
o1c  0085h 0277a 039%a 0.282a -

(0.029)  (0.101) (0.042)  (0.045)
0.082a 0587a 0.19a 0.205a
(0.059)  (0.31)  (0.021)  (0.035)
0.092a 0512a 0.175a 0.1675a

Available P (mg/kg) 15-30 ns

3-50 (0.025)  (0.362) (0.019)  (0.007) ns
o1o  1528b  474b 103.35a 42.47D -
5.92)  (91)  (223)  (8.342)
| 225b  2515b 90.11a 18.81b N
Available Ca (mg/kg) ~ 15-30  ygeay  (10.69) (24.34)  (9.004)
250 203b  2222b 84425a 15.23b N
(13)  (728) (17.49)  (3.31)
1o 2897b 4222b 6472a  37.97b -
(3.44)  (202)  (823)  (6.04)
Available Mg (mglkg) ~ 15-30 2(2"22;) ?’(é"g;)b ig:g%a %:g%b "
sgo  2L22c  3222b 5l47a  3247b N
05) (388 (2.25)  (3.37)
e 86ab  101.75a 49.12b 8062ab .

(8.94) (19.96) (9.27) (9.55)
171.75ab 199.25a 26.37b 1915a
(36.57) (65.77) (6.23) (65.91)
165.12a 168.12a 31.1b 252.12 a
(46.58) (22.48) (10.412) (63.58)
a- ANOVA results: Mean values with the same letter within the soil layer do not differ significantly with each other.
* ** regpectively show the significant at the 0.05 and .001 level.

Available K (mg/kg) 15-30

*%

3-50
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Table 3- Analysis of variance of soil attributesin three depthswith theinteractive effects of stand and depth

Stand Depth Stand x Depth  Error

d.f. 3 2 6 36
pH 5.81 0.208 0.094 0.095
EC (ds/m) 300.71 6.66 3.63 4.52
Silt (%) 406.97  246.08 52.97 93.13
Sand (%) 286.75  114.08 15.41 37.91
Clay (%) 427.22  690.08 35.63 76.77
Bulk Density (g/crf) 2.71 2.23 0.557 0.369
Organic C (%) 0.02 0.398 0.074 0.025
Total N (%) 0.025 0.21" 0.007 0.006
C:N 14.9 63.51" 1.97 2.34
Exchangeable P (mg/kg) 0.285 0.004 0.058 0.083
Exchangeable Ca (mg/kg) 16592.5 2057.8 56.4 615.57
Exchangeable Mg (mg/kg) 2342.3 438.08 12.55 86.7

Exchangeable K (mg/kg)  46815.6 27298.7 7519.11 5843.6
* ** respectively show the significant at the 0.05 and .001 level.
d.f. - Degrees of freedom

As can be observed in the results that shown i fig all three plantation stands soil chemical

properties contents took the order: 0-15 > 15-F&D>50, but under degraded natural stand they
followed the order: 0-15 > 15-30 < 30-50. Pattemnattobserved in soil under the degraded

natural stand is probably duo to erosion and lemchihich caused by human activities and the
degradation because of that.

3.2. Soil C and N stocks

The three plantation stands exhibited no signitigdifferences in soil C and N stocks at the
depth of 0-15 and 30-50 cm in comparison to theratdd natural stand while there were
significant differences in soil C and N stocks &Ff30 cm soil layer. In this soil layer the CSH
stand had the highest amount of these stocks an®MN& had the lowest amount compared to
other stands. Also soil C stock was differ sigrafily between stands across the 0-50 cm depth
range but soil N stock was similar between studiedds at this range (Table 4).

Assuming that the C stock of the degraded natueaidsis equivalent to the C stock of the
plantation stands before the conversion, we comrdutiat the soil C stock increased under
velutinum (35.47 t/ha) andC. sempervirens (31.06 t/ha) and decreased undersubcordata
(20.18 t/ha) in 18 years after the conversion. &lvegre no significant differences in soil N stock
under studied stands across the 0-50 cm depth,rhngell three plantations had increased soill
N stock in comparison to the degraded natural stéfithat is interesting is that even thou§gh
subcordata is one of the nitrogen fixing species, soil unter AS plantation had lower amount
of N stock compared to AV and CSH.

16 - ODNS 70 - ODNS

14 A oAV 60 - OAV
= 12 A BAS BAS
S 50 - a
- 10 A BCSH <
'\8/ 3 | S 40 ab b mCSH
QO 6 1 = 30
Wog 20 -

2 1 a 10

0 0

0-15 15-30 30-50 0-15 15-30 30-50
Depth (cm) Depth (cm)
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Fig 1- Comparison of soil properties of three different depths under each stand

Table 4- soil C and N stocks under degraded natural stand and three different species plantations

Depth (cm) DNS AV AS CSH ANOVA
C stock (t/ha)
0-15 36.67 £ 3.85 46.18 + 5.32 34.56 £ 2.66 42.68606 ns
15-30 25.66 b £4.95 38.87ab +1.73 31b+0.94 .7%4+9.7 *
30-50 58.45+10.4 71.22+12.01 35.05+6.7 54 473B.48 ns
0-50 120.8ab +12.89 156.27a+11.7 100.62 5+4151.86 a +25.8 *
N stock (t/ha)
0-15 7.31+1.09 1454+ 3.6 10.25+£0.77 12.93 2. ns
15-30 29b+0.94 76ax1.17 6.18ab+1.18 a8t81.86 *
30-50 5.7+0.94 11.11 +3.23 498 +1.33 7.33272. ns
0-50 18.51 + 3.36 33.26 £ 7.36 21.43+1.8 29.8B110 ns

a- ANOVA results: Mean values with the same letter within the soil layer do not differ significantly with each other.
* show the significant at the 0.05 level.
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Out of all possible correlations, 43 correlationsrev statistically significant, and only four

exceeded a correlation coefficient of 0.70 (TablevBhat is important to us is the soil attributes
which correlated to organic C and total N. Theresveérong positive correlation between
Organic C and total N. Organic C showed positiveretations with available Ca (mg/kg),

percentage of sand and C:N ratio. There were negawrrelation between organic C and
percentage of clay. Total N was positively corriatvith EC, available Ca (mg/kg), available
Mg (mg/kg) and percentage of sand. Also there weggative correlations between total N with
C:N ratio, available K (mg/kg) and percentage afyqiTable 5).

Table 5- Pearson correlation coefficients (r) among soil attributes across studied stands

E - 8 g 2 3 € E S S &
r 8 £ 3 £ £ 5 z z o § 2 «x
= o 7 &8 & § &8 T C° 2 g2 o 2
L @ © o 2 9 S 3 £ =
z © S & g 8
m < Z 3: <
pH 1
EC (ds/m) 059 1
Silt (%) -0.04-009 1
Sand (%) 0.360.56° -0.30 1
Clay (%) -0.20-0.28 -0.76" -0.37" 1
Bulk Density (g/cr) 0.27 0.36" -0.30 0.16 0.18 1
Organic C (%) -0.030.16 0.28 0.29 -0.46° -0.17 1
Total N (%) 0.120.31 0.21 055 -0.57" -0.150.75 1
C:N -0.20-0.31 -0.32 -0.48" 0.64° 0.04 069 -09° 1

Available P (mg/kg) 0.120.20 -0.14 0.33 -0.08 0.03 -0.010.13 -0.08 1

Available Ca (mg/kg) 0.36 -0.03 0.39" 0.18 -0.50 -0.38" 0.30 0.43" -0.44" 0.02 1

Available Mg (mg/kg)0.45~ 0.05 0.39° 0.15 -0.48 -0.36 0.27 0.43" -0.45 0.070.92° 1

Available K (mg/kg) -0.030.18 -0.52" 0.05 0.47 0.44" -0.27-0.35 0.33 0.11-0.61" -0.58" 1
* ** regpectively show the correlation is significant at the 0.05 and 0.01 level.

DISCUSSION

4.1. Effects of conversion on soil attributes

As the results of this study showed, conversionHgfcanian degraded natural forest to
plantations of three native species had consideratfluences on soil physical and chemical
properties. Results of table 1 indicated that e#dhree studied species had different effects on
soil physical properties. Other studies also reggbdifferences among soil physical properties
between different species [18; 28; 51]. In our ¢dlse differences between plantation and the
natural stand may be caused by the effects ofip@ptractices and associated disturbance [28].
The observed differences between plantation spetiag be attributed to their different
influences on soil biological community [18]. Lenienet al., [28] suggested the species
dependent difference on soil properties is probadty account of difference in biomass
production and nutrient cycle via litter fall arabt turnover between the species.
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The results of table 2 showed that in comparisothéonatural stand, the plantation stands had
huge effects on soil chemical attributes. Plantatibbad increased soil pH compared to the
natural stand. Removal of nutrients by intense éwstry36] could have been the main factor
controlling the acidity measured under degradedrabstand. It can be also explained by slower
litter decomposition of degraded natural stand’'®cgs (dominant species wda3uercus
castaneifolia), which leads to the production of organic acidsl @alelays the return of base
cations to the soil [18]. Yamashita et al., [S6pgested that this acidification under natural
forest could be caused by lower base saturatiorrelated lower amount of exchangeable base
cations.

Results showed that plantations had significantlyreased soil salinity in comparison to the
degraded natural stand. As can be seen in talsleilZC was higher in all three plantations and
they took orderA. velutinum > C. sempervirens > A. subcordata > degraded natural stand. These
differences may be caused by different foliage prtips and the amount and quality of litter
[18].

In two top soil layers (0-15 and 15-30 cm), sojamic C and total N were significantly higher

under plantations compared to the natural stand.dbvious, that the upper and lower soil layers
are affected by different factors to various exdefiifferences in aboveground litter quality as
well as deposition inputs, mostly lead to differenin chemical properties of upper solil layers.
But if the differences in soil chemistry were cali®y differences in root uptake and turnover,
they will be as sensible in the lower layers astha upper layers, assuming that the root
distribution and activity as well as weathering aaalching were relatively similar between the
layers [18].

Results from other studies in tropical and temmeraggions show that soil C and N changes
following afforestation or reforestation are quitariable, with soil C and N levels either
increasing or decreasing. For instance, in a stoldyative forest and maturP. radiata
plantation, Turner and Lambert [52] found that swianic C undePinus was lower than that
under adjacent native forest. In another study umderadiata and E. grandis, Turner and
Lambert [53] observed an ongoing decline in sajamic carbon for 12 years; thereafter, soil C
stabilized and increased nearly age 20 years. fdrereve conclude that organic C and total N
in forest soils are markedly variable dependingti@® species and age, soil type, climate,
management practices and initial soil status.

In the resultsA. velutinum and A. subcordata plantation had more desirable effects on soil
organic C and total N than tl@& sempervirens plantation which this might be due to the lower
tree survival and density that observed in@eempervirens plantation stand.

Soil C:N ratio is an index of N mineralization &), 36]. The mineralization rate is low at higher
C:N ratios, and as a consequence soil nutrientidestlecrease [36]. Large C:N ratios under
degraded natural forest likely resulted from lowneralization rates and consequently their
levels of total N and available nutrients were I&g.can be seen in table 2, in three considered
soil depths, all studied soil nutrients were sigaifitly differ between the stands except for
available P. Soil available P showed significafffiedences just in top soil layer (0-15 cm) which
may be caused by differences in litter quality degosition inputs. Results showed that all three
plantation stands had great effects on soil avialaltrients. Most of nutrients significantly
increased after conversion of degraded naturalsfote the plantations but under the
subcordata plantation soil available K was lower than the rdelgd natural forest. On the other
hand, A. subcordata plantation had higher concentrations of availaBleavailable Ca and
available Mg than other studied stands. Our suggess that P is one of the main elements
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which used in biomass productivity & subcordata trees, and due to the utilization of this
element, undeA. subcordata plantation concentration of available P is lowart natural forest
but further study is necessary at this topic.

Three factors may explain the low levels of nutiseim soils of degraded natural forest. First,
clay particles lose their capacity to absorb bastomls when soil acidity increases. As a
consequence, higher amounts of cations are prasestil solution and are free to leach into
deeper soil profiles [29, 19, 25, 36]. Second, urlde pH, the organic matter is difficult to
mineralize and therefore, soil nutrient levels moe enhanced [36]. Third, degradation caused by
human activity has led to a reduction in tree dgrend canopy cover and so it led to increase
nutrients leaching. Chen and Li [12] also corrob®rauman activities such as trees cutting,
could affect soil nutrient decomposition or loshey said after human activities (such as
harvesting and logging), soil temperature and pr&tion on the forest floor will be increased
due to removal of canopies, which increases littecomposition. Therefore, rates of litter
decomposition will increase, but many nutrientd b lost with increasing runoff.

Nutrient-rich needles, branches, twigs and coats® fractions are important nutrient sources
[12] after the conversion these sources increageuidher tree densities in plantations. On the
other hand with increasing the canopy covers, enttrieaching reduced under the plantations.
We believe these are the most important factonsititeeased soil nutrients under the plantation
stands in comparison to the degraded natural forest

As can be observed in fig 1, under plantation stastthnges in soil chemical properties among
soil layers followed the normal process and dee@asgth increasing in soil depths. But under
the natural stand soil chemical properties (sucB@gsorganic C, total N and available nutrients)
were higher in lower depth (30-50 cm) than the radiepth (15-30 cm) which this probably
caused by leaching of the elements due to the datjoa.

In most researches that have studied conversioatofal forests to plantations, the conversion
had negative influences on soil organic C and entsi [17, 12, 28] but in our study due to the
degradation that occurred in natural stand, thataten stands had positive influences on soil
organic C and nutrients. Soil attributes under faltons depends on the prior plantation
establishment site soil fertility. When establisheud degraded lands, the effects are assumed
beneficial, whereas when grown on newly cleareg@dbsites the effects are reported to be
adverse [28, 58]. In this study the natural foreas degraded by human activities. We assumed
that the soil attributes of the degraded nature¢dbare equivalent to the soil attributes of the
plantation stands before the conversion. Therefaceording to results of this research, within
18 years since establishment of the plantatioresy #howed positive influences on most soll
properties.

4.2. Soil C and N stocks

Plants play an important role in regulating thegeimchemistry of ecosystems by fixing carbon
and nitrogen and preventing the loss of nutrieh®.[Soil organic carbon is very important in
terrestrial ecosystems since it plays a cruciad fiol the formation and maintenance of soil
structure, fertility, nutrient and water availatyil{13, 49, 31]. On the other hand, soil N increase
is also very important in degraded land rehabititatprojects [31]. In addition, soil C and N
stocks can be an appropriate criterion to assaysticeess of these rehabilitation projects. In
results, only in 15-30 cm soil layer C and N stogkere significantly different between the
degraded natural stand and plantations. Acros94@ cm depth range, only soil C stock was
significantly differ between studied stands and dliféerences were not significant in soil N
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stock in this depth range. In comparison to theraided natural standy. velutinum and C.
sempervirens increased andA. subcordata decreased soil C stocks. After plantation
establishment, there are reduced inputs of cantntihe soil from prior land-use, together with
accelerated decomposition of soil organic mattex eesult of disturbance, and this leads to a net
loss of soil organic carbon [53, 42]. Arevalo et §] suggested that soil C loss in the early
stages of plantation development may be due tedemganic C inputs than organic C outputs.
In some systems this loss of soil organic carbomas balanced until 5-10 years after
establishment and on some sites, a reduction Irosganic carbon may remain until the end of
the rotation. The patterns of accumulation and lafssarbon vary according to location, soil
type, tree species and plantation management syS&mSo we think that undeX. velutinum
and C. sempervirens plantations, after 18 years of establishment, eghnic carbon balanced
and then even increased in compared to the degnaatedal stand. But undék. subcordata
probably it will be taking longer time for soil agic carbon to balance. Early soil C loss under
young plantations followed by increased soil C ktadth plantation age was observed by
Arevalo et al., [4] so we expect an increase ihGatock with increasing of the plantations age.
Many studies reported that after native forestsewsdranged into plantations the soil carbon
stock declined [2, 17, 12, 26, 54]. They suggeshed species composition, age of plantation,
and precipitation have significant effects on saitbon stock in plantations. While a number of
studies did not observe any discernible patterrsoihC stock related to or influenced by land
use or forest age [22]. Here due to the degradatifonatural forestA. velutinum and C.
sempervirens plantation stands had improved soil C stock. Istard Weil [23] were similarly
observed an increase in soil C and N stocks aftaversion of a degraded natural forest to
Acacia reforestation. They suggested that degradatiosodfquality may have resulted from
increased disruption of macroaggregates, reductimnmicrobial biomass, and loss of labile
organic matter due to fire, deforestation, tillage accelerated erosion. However, the rate of soil
C stock increase will inevitably slow down as tlod € concentration increases with time [48,
47, 31]. According to Silver et al., [47], the aahuate of soil C incorporation will be reduced to
0.20 (Mg/ ha/ year) in the next 80 years, afteregigmcing a higher incorporation rate (1.3 Mg/
ha/ year) over the first 20 years. At this poibisiimportant to emphasize the role of plantation
soils as C sink during the first 20-50 years.

Many studies have found that nitrogen-fixing spgaan significantly increase soil N levels [40,
12, 31] while others found no correlation betwelea presence of nitrogen-fixing species and
total N accumulation in the surface soil [14]. lasvexpected thak. subcordata as a nitrogen-
fixing species may have a greater soil N stock thtaer studied species but it had lower one.

There was strong positive correlation between aog@hand total N (Table 5). Many other
studies have reported the same relation betweénrgainic carbon and nitrogen [35, 42, 55, 38]
while others found no correlation between organiard total N of soil [23]. Varamesh et al.,
[55] in their studies orRobinia pseudoacacia and Cupressus arizonica in an urban forest of
Tehran observed significant correlations betweehosganic C and gravel, clay, silt, sand and
pH. They also found significant correlations betwseil total N and clay, sand, organic matter
and C:N ratio. They concluded that volume and qualf carbon storage are close related to
action and reaction between climate, soil, treeigge management and chemical composition of
litter. Richards et al., [42] proposed that mangdime relations between organic C and other soill
properties may be a crucial prerequisite for mamng and increasing levels of soil organic
carbon under plantations.
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CONCLUSION

Our results showed that conversion of degradedralafarest to plantations improved soil
nutrients and stocks of C and N in soil. All thitedied species had increased soil nutrients
compared to the degraded natural forest excepsdoravailable K which decreased under
subcordata plantation. We expect increasing the soil nutriemprovement with increasing the
age of plantation stands. Our study demonstratgsctinversion of degraded natural foresfto
velutinum and C. sempervirens plantations increased soil C and N stocks. Buwemsion toA.
subcordata plantation decreased soil C stock and increaséd\setock although differences
were not significant. These results concluded tite@t species and age of plantation stands can be
effective factors that influence the soil C and thNicks. In addition, it is important to consider
that such plantations may have an important paktdi transform degraded forest stands into
rehabilitated areas that function as a C sink, ihglpo mitigate the negative impacts of the
greenhouse effect. Therefore, establishment oftatiam in degraded Hyrcanian forests will
restore soil nutrients and contribute to climatarngde mitigation by increasing carbon stock in
soils and it will play a fundamental role in ecdsys productivity and environmental protection.
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