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ABSTRACT

Plantations may play an effective role in balancthg CQ levels in atmosphere by capturing
and storing the carbon in biomass and soil. Theeefaw studies in north of Iran whit focusing
on carbon sequestration in forested lands. Aceutimim .Boiss, Alnus subcordata .L and
Cupressus sempervirens. var. horizontalis are tlstrased species in lowland plantations in
this region. We quantified survival rate, growthachcteristics and above- and belowground
biomass after 18 years of these species establlshmeChamestan region of Mazandaran
province. Results showed that C. sempervirens Ihed lewest survival rate and growth
compared to other studied species. Based on higloevival rate and rapid growth, A.
subcordata may be the best option for lowland @aahs in this region. Also our results
indicated that biomass production and carbon sterags significantly higher in A. subcordata
and A. velutinum plantations compared to C. sempars. The rate of biomass carbon storage
was calculated around: 23.41, 21.47 and 11.27\tjhior A. subcordata, A. velutinum and C.
sempervirens respectively. These results showedldidand plantations in this area can be
very effective on reducing the negative conseqeoicglobal warming.

Keywords. Aboveground biomass, belowground biomass,, @@tigation, carbon storage,
global warming.

INTRODUCTION

Land use changes from forestry to other uses, dsaswegreenhouse gas emissions associated
with exploitation of fossil fuels have disruptec thlanet’s fragile carbon (C) balance and caused
global climate change [38]. Problems caused by alotarming which associated with the
increase in Greenhouse Gases (GHG) are the mosirtemp global environmental issue in
current century [14]. Even in the most optimistiesarios, climate change can be detrimental to
several production chains, with a strong impactieweloping economies which depend largely
on agriculture [11].

Terrestrial and marine ecosystems are estimatatidorb about half of the G@missions from
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fossil fuel combustion [33]. In terrestrial ecogyat, C which absorbed via photosynthesis is
stored in the biomass of living vegetation (lea\®@anches, trunks and roots), litter and soil [25,
37]. Among terrestrial ecosystems, forests may haptribute toward C sequestration by
capturing and storing atmospheric £@here it is not immediately re-emitted to the aspltere
[14]. Forest lands are the primary source of ténigd<C uptake, storing approximately two-thirds
of Earth’s terrestrial C [3]. Such knowledge hasated increased interests in managing forests
for more C sequestration. There are numerous cdvhsed stores that recognize a wide variety
of terrestrial C sequestration activities as paddigtviable means for reducing atmosphericCO
concentrations [23]. Forest management practides afunique means of offsetting greenhouse
gas emissions [20]. Among forest management option& sequestration, forest plantations
have been known as a cost-effective and enviroratigriteneficial strategy for C sequestration
[23, 14]. Therefore, forest plantations have bestal#ished all over the world as C stocks [4, 13,
31, 35] to slow down the increase of atmospheri¢ €@ncentrations. A potential expansion is
possible of 345 million ha as trees are planteddisturbed forest, pastures or abandoned
agriculture areas [4]. Changes in silvicultural mg@ment can alter C stocking and enable stored
C valuation. In the case of plantations, increasestored C are brought about by regimes that
enhance long-lived wood product volume. In the aaisexisting forests, C sink enhancing is
related to lower deforestation rates [11].

Establishment of large-scale short-rotation woodypcplantations has been advocated as an
effective method for sequestering £@nd mitigating increased atmospheric xd€vels [34],
through increasing long-term C storage in woodymaes [33] and in the soil [10, 36], and by
providing an alternative source of biomass for beygy [2, 36]. So estimating the production
and biomass C storage of plantation stands cangolamportant role in management approaches
for reducing CQlevels in atmosphere.

Forest production can be evaluated in terms ofuregosupplies, rates of use, and growth [35].
Estimates of C pools in the vegetation componeribr@st ecosystems can be obtained by using
allometric functions [22, 25]. Such functions allathe estimation of plant biomass from
variables that are easily and non-destructivelysuesd, such as plant height and trunk diameter
at breast height [25].

In north of Iran, Caspian forests have been undetimuous degradation over the last few
decades and there is an urgent need to maintaifutfetions of this unique forest ecosystem
[12]. Therefore, different forms of management apphes are planned for implementation, such
as documenting the forest disturbance and managdewferthe remaining natural forest
ecosystems in this region [27]. Also forest plaotat were introduced to supply fuel-wood,
charcoal, fodder, sticks and building materialsey'tvere also planted to restore degraded lands,
to control soil erosion or to serve as buffer zoaesind roads and areas of natural forests [12].
There were many plantations with endemic and exgpecies in north of Iran. But,
unfortunately, there is little published information tree growth and biomass in this region.
Also results of such researches are not consiatahtgeneralizations are not possible and most
of these researches are not published in Englisgukge. The aims of this study were to
compare growth, biomass production and biomass dCagt of three prevalent species
plantations: (I) Acer velutinum Boiss, (ll) Alnus subcordata L. and (Ill) Cupressus
sempervirensvar. horizontalis. As amounts of C storage andnlaies accumulation for studied
species are unknown in this area. Also we introduttee most suitable species in terms of
maximum biomass C storage.
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MATERIALSAND METHODS

2.1. Study area

This study was conducted in Chamestan regicNoor Countyin Mazandaran province, in tl

north of Iran. Study sites locatec district 12 of watershed 51 of northern for of Iran (36 29'

N, 52 7' E) withan altitude of 90 m above sea leand low slope (<5%{Figl). Annual rainfall
averages 803 mm, with wetter months occurring betw8eptember and February, and a

season from April to August. Mnthly rainfall usually occurs 40 mm for 4 months. Averag

daily temperatures ranges from 1° C in February to 29.8C in August. The soils have tl

textures of loam and clay loam with an acidic pHap layers and in deep layers soil textt

were clay and siliclay and soil pHwas less acidicl8 years ago plantatiorhave been
established (with 2m xm@ spaces) in this ar with three species includiniA. subcordataA.

velutinumand C. sempervirer [1]. These species are the most used in lowland plan

programs in north of IranVe selected three si each with an area of 10 to compare growth
and biomass production.

Northern Forests of Iran

Fig 1- Study area location in northern forestsof Iran

2.2. Field measur ements

Measurements were perforn to compare growth and biomass production of a-mentioned
plantationsin November of 201, after finishing the growing seasdn. each sites foul0 m x
10 m plots were establishe@ihentree height (H), diametext breast height (DBH), diameter
canopy or crown in two perpendicular directionsmied here for convenience “length” (L) a
“‘width” (W), stem height to the base of the crown (Hc) and percentddeliage cover in thi
crown or canopy (Fc) were measured for all of teed it each plo{26]. Also survival rate (%)
and basal area were calculated for each

2.3. Biomass and carbon accumulations

First, tree’s biomass estimated in two separate part o¥eground and belowgrou, then, the
total biomass was estimated for each site. To estinthe aboveground tree biomass we use
allometric method suggested by Pc-Hernandez et al., [26]:

For methodological convenience, the calculationted#s are divided in two sections accorc
to tree morphology: JIcalculation of biomass for sterll) calculation of biomass for crown. -
calculation of stem biomass, first the basal estimated by equation 1.:

(1)
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WhereAy, is tree basal area, = 3.145927, and is the radius of the tree at breast height (0.5
DBH). Then the stem volume (V) of each tree calmddrom equation 2:

V=A, XxXH XK, (2)
Where A is tree basal area, H is the total tree height lends a site-dependent constant in
standard cubing practice used in forest inventdoycalculation of crown volume (V) we used

following equations:

Db?x Hc
12

V=mnX
T X Db?
12

(3) For coniferous species

V= (4) For broadleaf species

Where:n = 3.141592, Db = diameter of the crown (L+W/2) &hd= height from the ground to
the base of the crown. The volume of the crowmestd by these equations is the gross total
volume. In reality, much of this volume is emptyasp. The actual proportion of the volume
occupied by branches and foliage is estimated drydgtg beneath the canopy or crown, beside
the trunk, and obtaining a careful visual appreémnabdf the canopy structure. This proportion is
then used to discount the air space in the croviumve:

Solid volume =V x proportion of branches and fgéan crown volume

Biomass (stem and crown) in kilograms calculatedrtiplying by the wood density (WD)
corresponding to each tree species measured thempgttion 5:

Biomass =V X WD x 1000 (5)
Total aboveground biomass estimated as:
Total Aboveground Biomass = Stem Biomass + Crowantiss

Because of the high cost of root sampling and nreasent, non-destructive methods (such as
allometric equations) preferred to assess the lplmmd biomass. On the other hand, it is
recommended that in situations where no empirigahon exists, the root volume and biomass
should be estimated as a fraction of the abovegrdiomass, as an interim measure, in order to
estimate total biomass [26]. So following relatioips suggested by Ponce-Hernandez et al.,
[26] were used to estimate belowground biomass:

For coniferous species: Belowground biomass = Bl&%eground biomass
For broadleaf species: Belowground biomass = 0f3@vAground biomass

These values converted to tons per hectare anccienlation of C stock as biomass consists of
multiplying the total biomass by a conversion fadioat represents the average C storage in
biomass. It is not practically possible to sepathtedifferent biomass components in order to
account for variations in C storage as a functiorthe biomass component. Therefore, we
assumed C to equal 50% of a tree’s biomass [3,28, 29]:
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C = 0.5 x Biomass (total)

2.4. Statistical analyses

The growth, biomass and €orag' of biomass among experimentales were analyzed using
the randomized block design. Normality of the Vales was checked by Kolmogo-Smirnov
test and Levene’s test was used to examine theiggaathe variances. Orway analysis of
variance (ANOVA) was used to compare tree gro\biomass, and Gtorag of biomass data
among experimental siteRuncantest were used to separate the averages of the depe
variables which were significantdifferent between studied sites.

RESULTS

3.1. Treesurvival and growth

Measurements in thexperimental plantation sites (at the age of 18&sjemdicated thi A.
subcordatahad the higher survival r¢ (44%) compared to other studied spe. Also C.
sempervirendhad the lowest survival r¢ (29%) among plantation sit (Fig 1a). DBH was
significantly higher inA. subcordat in comparison toC. sempervirer but there were no
significant differences betwetA. velutinumand other plantation sit€¢sig 2b..
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Fig 2- Comparison of survival rate (a), DBH (b), crown diameter (c), total height (d), Hc, stem height to the
base of the crown (e) and basal area (f) of three plantation sites

Crown diameter was significantly lower C. sempervirensompared to other plantations &
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the highest amount of crown diameter was obsemrA. velutinumplantation (Fig 1c). As ca
be observed in the results that shown in fig 1d,tttal tree heights was significantly differ:
between studied plantatiosites and took the ordeA. subcordata> A. velutinum> C.
sempervirens

The highest amount atem height to the base of the crown (Hc) was eleskin A. subcordata
plantation site (Fig 1e)he stand basal area, as shown in fig 1f, was higtA. subcordatg4.3
m?/ha) andC. sempervirensite had the lowest amount of basal area (3.%/ha) in compared to
other plantation sites.

3.2. Biomass production

The results of Duncan test of ab- and belowground biomass between studied plantattes
are shown in fig 3These results indicated that biomass productiostoflied species wi
significantly different after 18 years of plantati Estimated aboveground biomass \
significantly higher inA. subcordat andA. velutinumplantation sites thaC. sempervirensite.
The results of comparison of belowground bionweresimilar to that of aboveground biome
and took the orderA. subcordate> A. velutinum> C. sempervirengFig 3). Total amount of
biomass production (d@he age ¢ 18 years) inA. velutinumA. subcordat andC. sempervirens
plantations were estimatadound773.13, 843.2 and 405.88ns per hecta respectively.
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Fig 3- Comparison of above- and belowground biomass of three plantation sites

3.3. Biomass C storage

In fig 4 significant differences can be observewssn biomass (storag: that we estimated in
our studied plantation site Biomass C storage ir€C. sempervirer plantation site was
significantly lower than other plantation s and they took ordeA. subcordati (421.55 t/ha) >
A. velutinum(386.56 t/ha) >C. sempervireng202.91 t/ha). Theyearly rate ofC storage
calculated around: 23.41, 21.47 and 11(t/h/yr) for A. subcordata A. velutinumand C.
sempervirensespectively.
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Fig 4- Comparison of biomass C storage of three plantation sites
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DISCUSSION

4.1. The most productive speciesin studied area

In north of Iran, forest plantations are establisteeprovide industrial wood requirements. Other
general goals of these forest plantations areitairgdte or alleviate soil erosion and water loss in
watersheds, to restore degraded lands and some etivironmental purposes. Therefore,
identification of suitable species for such purgoseeach specific area is very essential. In our
studied are&. sempervirenbad the lowest and. subcordatahad the highest survival rate. The
results of comparison of DBH between studied spesiere the same amd subcordataandC.
sempervirendhad the highest and lowest amount of DBH respelgtivSayyad et al. [32], in
Chamestan region, reported that survival raté.oSubcordataafter 7 years of plantation was
70% which was lower thalRopulus deltoidesAlso they reported that the DBH Af subcordata
was reduced when this species was grown in combmatith P. deltoidesas compared with
monocultures but the relative proportionRxfdeltoidesdid not further affect that result. Jacobs
and Severeid [15], in southwestern Wisconsin, riegplothat American chestnut had more rapid
height (47-77%) and diameter (50-140%) growth camgao black walnut and northern red
oak.

The highest amount of crown diameter was obsermeA. ivelutinumplantation and it was
significantly lower inC. sempervirensSayyad et al. [32] observed higher crown diamigté.
subcordata compared toP. deltoides Our results showed that total height growth was
significantly different between studied plantatisites and took the ordef. subcordata> A.
velutinum> C. sempervirensWhile, total height growth oA. subcordatawas lower tharP.
deltoidesin the study that obtained by Sayyad et al. [&Zhis region.

The amount of stem height to the base of the cneam significantly higher iA. subcordatan
comparison to other plantation species. Also subcordataplantation site had the highest
amount of stand basal area and the results too&r:ofd subcordata> A. velutinum> C.
sempervirensWhile, higher amount of basal areaRn deltoidescompared toA. subcordata
plantation was reported by Sayyad et al. [32] ia thgion.

Our results showed significant differences in biemaproduction of studied species.
Aboveground and belowground biomass productiorAosubcordataand A. velutinumwere
almost twice the biomass production Gf sempervirenglantation. Different estimates are
available on biomass production of common plantesipecies. For example, in a 10 yearskald
tremuloidesstand (12670 stems/ha), total aboveground biowassreported at 25.4 (t/ha) by
Ruark and Bockheim [30]. Also Jacobs et al. [14pored that American chestnut had
significantly greater biomass than northern red aadk black walnut on 8 years old sites.

Our results indicate that in studied regidnsubcordatamay be the best option for plantation
programs and. velutinumcan be the second priority in terms of wood préiduc Previous
study in this region indicated that these species have great influences on soil fertility and
nutrients and their establishment restored degradd [12]. Due to the low survival rate,
growth characteristics and low biomass productiae, do not recommend planting .
sempervirendan this region and further researches will be helpo find the best area for
establishment of this species.

4.2. Therole of lowland plantationsin carbon mitigation
Today, programs are developing all over the wolithdt tprovide financial incentives to
individuals conducting forest management practibasincrease the amount of C sequestered by
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their forest plantations [14]. Regarding the obsedrincrease in the atmospheric concentration of
CO, and the global climate question, forests offer tmain options. First, the volume of
atmospheric C@may be reduced by increasing forest biomass. M be achieved through an
expansion of forests-either by planting currenthfanested land, or by allowing the existing
forests to accumulate higher biomass. The secomad approach is to utilize forest directly as a
source of raw materials for energy production, Ugueeferred to as bioenergy, which is
considered a carbon-neutral energy source [6]. Duthe large scale of forest plantations and
natural forests, north of Iran has a great potefaraCO, mitigation activities and projects in the
forestry sector. Soil C sequestration and C stooie estimated in few researches [12] in this
area, but biomass C storage among different piantatpecies, regions and management
measures has not been carried out yet.

Niu and Duiker [23] found that aboveground treentéss accounts for about two thirds of the
total C sequestration potential of afforestatioanphtions in the Midwestern U.S. The other one
third of C capacity was approximately equally disited over C in roots, forest floor, and soil
organic C pools. Our results indicated tRatsempervirensiad lower biomass C storage than
other plantation species. Kraenzel et al. [17]nested tree C storage in Panamanian teak
plantation to be 126 t/ha (after 20 years of plaotd which is very lower than biomass C
storage that we estimated for our studied speaitsr (18 years of plantation). Afforestation and
reforestation produce large potential for C seqaé@sh. Niu and Duiker [23] estimated that
about 52 (t C/ha) could be sequestered in abovadrtnee biomass 20 years after afforestation
in the Midwestern U.S.

The rate of biomass C sequestration AorsubcordataA. velutinumandC. sempervirensvas
23.41, 21.47 and 11.27 (t/hlyr) respectively. ThHOs,sempervirenglantations make a lower
contribution to the C sequestration and mitigatidrgreenhouse gas emissions in this area than
other studied species. Different rates of biomasst@@age have been reported for different
species in world. For example, Fang et al. [6]neated a rate of 6.234 (t/h/yr) for poplar
plantations in China. For American chestnut thte raas 3.1 (t/h/yr) estimated by Jacobs et al.
[14] while Lamlom and Savidge [18] estimated biom&srate of 3.58 and 3.3 (t/h/yr) for red
and white pine, respectively. Biomass storage wate estimated 3.489 (t/h/yr) for Chinese fir
plantation [7] and 4.823 (t/h/yr) for Masson pinlkangation [8] in China. Compared to these
results, our results showed that there is a greé¢npal of biomass C storage in forest
plantations in north of Iran which can have a digant influence on C@mitigation.

Many environmental conditions can affect C storagé&ential even within a relatively small
geographic area [6]. Management practices (suchpasies selection, fertilization, irrigation
methods,...) can easily affect C storage of foreahgaltions [16, 21]. Paul et al. [24] suggested
that rate of accumulation of C was dependent om@mainfall, they reported that with average
annual rate of sequestration of C in tree biomass ldter during the first rotation OE.
cladocalyx(or C. maculata) increasing from 3.68 to 4.72/ythas annual rainfall increased
from about 500 to 750 mm. As with any other attertgptevaluate rates of terrestrial C
sequestration between tree species or regionsgtigariin both planting density and site quality
make direct comparisons regarding C uptake andgeadifficult [14]. This type of extrapolation
often occurs, however, due to the logistical cmgjeeand cost of collecting biomass information
[39]. So based on the lack of information aboutt@agye potential of different species and the
role of management options and varied environmesdabitions on this potential in north of
Iran, more researches will be helpful to increasekmowledge.
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CONCLUSION

Our results showed that lowland plantations inimoftiran can be very effective on reducing the
atmospheric C@concentrations besides the role that they playaad production for industries.
Based on survival rate, growth characteristic andmbss production, we introducA.
subcordataas the best species for plantation in this ake&elutinumcan be the second priority
due to the low significant differences that it slealhn comparison té. subcordataBut we do
not suggest planting af. sempervirenn studied area and more researches will be Helpfu
find the best area for establishment of this sgedin the other hand, compared to results of
other researches for commonplace species in th&wall three studied species had a huge
potential for C sequestration in their biomass. réfae, establishment of such plantations in
north of Iran will play a fundamental role in @@nitigation, environmental protection and
increasing the ecosystem productivity.
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