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ABSTRACT

This study focused on estimatingof carbon sequéstrand carbon stocksin the dry ecosystem of Hygds Forest

in Iran. The study was done on Pistachio atlantigemygdalus scoparia and soil in the Firouzabad Bare
Systematiccandom sampling was done to determine numbers sta¢hioatlanticaand d.b.hwithina 2000%m
areaand on Amygdalus scoparia within a 100tama to determine classes for crown diameter. 3fspbf 1M
were established under trees to calculate the digearbon in leaf litter. Amount of C in these pmestimating by
ash method and amounts of soil organic carbon weatculated using the Walky-Black method in the
laboratory.The amount of carbon storage in soil amebetation was 14.65 ton/ha. The amount of carbon
sequestration in the total forest stand was 137B&®. The economic value of C sequestration wa8.846 (USD)
and $12.871 (USD) in each hectare for Pistachiamtita and Amygdalus scoparia, respectively. Thewarhof C
sequestration and its economic value in the soi Wa.78 t/ha and $835.812 (USD) respectively. Tesan
increase of C sequestration ina dry ecosystem kéllbeneficial in both economic and environmentamge
Decision making for more efficient land use andseosumation will be effective, on the economic vadfidorest
service resources that are in existence and are. fiéis site was located in the semi-aridregiotraf. Research
on this arid site is pertinent because activitieattcause C emissions are less thanother siteaffSestation and
reforestation is suitable and beneficial in thesgions.
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INTRODUCTION

Scientists have determined that global climate ghais occurring as a result of increasing atmospher
concentrations of green house gases (GHGs).The dwrsinant GHG from human activities is carbon diexi
(C0O2), both in terms of emissions and its potentiaffect climate change [12]. Globally, agricuétbactivities and
deforestation account for an estimated 31% of apttgenic GHG emissions [10]; livestock productidona
accounts for an estimated 18% [22]. Atmospheric G&2Is are increasing at the rate of 0.4% per pear are
predicted to double during the 21st century. Ingdlans of this increase are complex and not yet waderstood
[7; 23]. Climate change may affect ecosystem prbvity, allocation of aboveground versus belowgrduiomass
and microbial populations[9]. Therefore Carbon ssfation should be understood as a part of maligypaptions

in addressing global climate change.Carbon (C)agwmrin forest ecosystems involves numerous comg®nen
including biomass C and soil C content. In an estesy a C stock is large and in a dynamic equilibrivith its
environment. Because of the large areas involveth tegionally and globally, forest soil plays amportant role in
the global C cycle [6, 9]. Managing carbon stockishiw a landscape is key for mitigation of atmosphe
accumulation of GHGs and climate change. The cbsadon dioxide absorption has been estimated1& $ ton
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per hectare and was 2.94 $ for 25 years[21]. Cadeguestration in the northern forests of Iran estgmated at
2.41 tons in each hectare per year therefore @sauic value was 2427 US$ [3]. The rate of carbeguestration

in East Panama was 335 ton/ ha in a controllecsfpie5 ton/ha in traditional agroforestry and dé/ha in pasture
(Kirby & et al., 2007).Potential CO2-e above basee Isequestration was determined for two foresssin
commercial eucalyptus plantations in northern Brdgahia). Mean values were $8.16 (USD) and $71190) for
average and high site indexes, respectively. Restibwed that carbon supply was more cost-effidiertighly
productive sites [14]. Carbon sequestration in Bawational Park, obtained 43 ton/ha and with a tetdue of
$8600 (USD) [15]. The cost of carbon emission igida forests of Iran was calculated as $4 millidSD) with a

C sequestration rate of 1.11 t/ha/yr[16]. The tit€ sequestration in forest species was estimattdd?4 t/ha and
0.027 t/ha by Ephedra sp and Amygdaluslycioidepeetively. In addition the economic value of Cabsorption
was $455 (USD) for Amygdaluslycioides[17].The bétsedf C storage and sequestration were estimatégtins of
monetary value, as well as the role of urban ferastoffsetting C emissions from fossil fuel comtius. Results
showed that urban forests in areas within the third road of Shenyang stored 337,000 t C (RMB92xil#lon, or
$13.88 million), with a C sequestration rate of(®@®, t/yr (RMB7.88 million, or $1.19 million). The &tored in
urban forests equaled 3.02% of annual C emissiam fossil fuel combustion, and C sequestrationdadfset
0.26% of annual C emissions in Shenyang [13]. Hureglons there are a lot of decompose and C stdsalgev,
while in arid regions because of low decomposiqgtiGh storage is high. Thus these regions have ateyrea
importance.lran is located in an arid and semi-glildate zone. In comparison with other countrte=ré are severe
constraints tothe density of vegetation and foceser. However, diversity of the country’s resogrsould not be
neglected. Iran is an important country regargitant genetic diversity. The largestareaofarid soregetation in
Iran is betweenthe Gulf ofOmanand thesouthern dosnaiflranoAlborz, North East, and East, partsofthe
southeastand centralregionsofthecountry. In thigzthere are two main forest species in mounthausexist on a
large scale,Pistachioatlantica and Amygdalusscaj&ignificance of these species within an ecosystem
Furthermore, introduction of the economic valuecafbon sequestration and CO2 uptake can demonshmate
importance of these trees and shrubs to encounagreproper management and to preserve their existevithin an
ecosystem.

MATERIALS AND METHODS

Study area

The study was conducted on Pistaciaatlantica anggllalusscoparia in the Firouzabad Forest Resg¢agto 29

15 N, 5230 to 5240°E) Maximum and minimum altitudes were 2350 m an@QLih a.s.l. respectively, with an
average altitude of 2025 m. The study area bord@agiran Village to the north, Shurab to the East the
western border was north of Shiraz (Firouzabad MRoad). The average annual rainfall in the forea$ wbout
559/2 mm. Maximum and minimum temperatures weré @2and -15 ° C, respectively. The evaporation veds
between 2474 to 3082 mm per annum. Its climatesgas-arid and cold semi-humid. The study area Imagraa of
9374 ha and the following species covered the naoositand foothillsPistachio atlantica, Amygdalus scoparia,
Amygdalus| ycidios, Pistachio khinjuk Amygdalus dskmechtii, Amygdalus ebornea, Amygdalus Lycioides,
Amygdalus eleagnifolia, Acer monspessulanum, angbéaitus scoparia
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Fars Province

t';! .\_..' e
— Oman Sea™l
20 km

Firouzabad Forest Research (Study site)
20t0 29 15" N, 5230 to S240'E

Fig 1 Location of the study area in the Fars provine and Iran

iomass estimating method

Carbon sequestration in Pistachioatlantica

Systematic_random sampling was done to determi@enttimber of Pistachio atlantic a trees using theritory
network with 1000x 400meters and plots of 2060 m

Considering the sample statistics and status ligian of diameter classes of trees, three tree® wendomly
selected from each diameter class and tree cheasdicte were measured (diameter at breast heighih)(énd
height).

Tree parts were taken (in accordance with thelaggmbargo), at an eighth or a quarter to deterrtfieewet
weight of different tree components (leaves, brasamnd trunks) [1, 19, 15.]

Carbonstorage in Amygdalusscoparia

Inventory sampling — systematic network was us@d@1x 400 m) and 10007tp determine the number of shrubs
in classes of crowndiameter. According to statist&sults of the sampling and distribution of cradieameter, three
shrubs were randomly selected for each of the &goaies (0-1, 1-2, 2-3, 3-4 and 4-5) and they weeasured for
crown diameter (small and large diameter) thenweshts were measured for each sample.

Estimating organic carbon in root and litter

30 plots of 1rh were established under trees to calculate thenargarbon content ofleaf litter. Samples of leaf
litter from these plots were collected and cart®the laboratory [14]. As direct sampling of ro@sexpensive and
destructive, root biomass was calculated usingtfong1) (Hernandez & et al., 2004).

(1) Belowground biomass = 0.2 Aboveground Biomass

Conversion ratiocalculation

To determine the conversion ratioof wet weight tgamic carbon in different organs, three separateptes were
cut and transferred to the laboratory. Samples Wweret in an electric furnace at a temperature &8 & for 24
hours[23]. Then ash weight was measured.

Using previous weight measurements and ratio ofmiogcarbon to organic material (function 2), tgan
conversion ratioswere calculated separately [234,
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(2) Organic carbon = Y20rganic material

To estimate amounts of carbon sequestration isdaig4 samples from each of the four corners afraiplots(5 x 5
meters) were taken. Plots were selected from diffeareas of the forest, in different geographicehtions and
altitudes (to consider crown affect, samples waken from under the crown and outside it).

Samples were then mixed. In total, 15 soil samplere taken and after drying without exposure tdigbththey
were transported to the laboratory.

Amounts of organic carbon were calculated usingWhedky-Black method in a laboratory. Finally, amtaiof
carbon sequestration in soil were estimated witméda (3) [4, 23].

(3) OC= 10000 x % OC x E xBd
ThatOC is organic carbonangd is bulk density
EXCEL software as a database and SPSS softwareusedefor data analysis.

Economic evaluation
To evaluate carbon sequestration thefollowingfuarctvas used:

VezFexPc

F. is the total amount of carbon sequestration itiafso, Amygdalus and soil (tonB).is carbon tax, which is
calculated based on the average rate per tonxXasrtacarbon dioxide emissions based on studiesaim dnd other
countries.

In this study, carbon tax or the cost method obearemissions (carbon emissions taxes) was usesl.niéthod
avoids damage costs and uses cost values applipdetent injury and damage as a criterion for teadfits
provided by an ecosystem.

Carbon tax rates in different countries were usedetermine carbon tax rates for Iran. The avecdgarbon taxes
calculated was $ 61 (USD).

RESULTS AND DISCUSSION
Carbon stocks estimation in
Pistachio atlantica.
Table 1 shows the Conversion coefficient for Pisiacomponent for components Rilstachio atlantica.

Table 1 Conversion coefficient for Pistachio compant

Organ Trunk Shoot Leaf literate Root
Conversion coefficient  31.7 329 181 39.1 28.9

Base on table 1 conversion coefficientis at leastaf and is most for literate

Table 2 amount of organic carbon and carbon dioxideiptake in different parts of Pistachio and soil

Trunk Shoot Leaf Root Literate Total Soil Total soil & Vegetation
Organic carbon (ton/ha) 1.05 0.521 0.026 0.27 0.0012 1.87 12.78 14.65
Organic carbon in total (ton) 9842.7 4883.85 243.72 2530.98 11.9 17529.38 119799.1 137329.1
CO, absorption (ton/ha) 3.85 191 0.095 0.99 0.0044 6.86 47 53.76
CO, absorption in total (fon) 36118.02 17904.34 890.53 9280.26 41.24  64305.64 440578 503946.2

Table 3 Duncan test results for comparing the cartn stored in various organs such luggage in forestsearch Firouzabad

Organ Reservation carbon weight average Class

Trunk 183.8 a
Shoot 74.22 b
Leaf 3.77 c
Root 42.88 bc
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Analysis of variance was done betwe®istachio componentdo compare amounts ofcarbon sequestration
separately for leaf, branch, trunk and root (resafte shown in Tables 3 and 4).

Table4 MeanVarianceAnalysisof carbonstorageinvariosorgansin Pistachio atlanticaFirouzabad Forest Resech

Sum of Squares Mean Square  df F
Between Groups 807159.888 269053.296 3 28.064
Within Groups 1687357.535 9587.259 176
Total 2494517.423 179
Sig: 99%

Carbon Sequestration estimation in Amygdalusscoparia

Table 5 Conversion ratio (percentage), the amountf@rganic carbon storage and carbon dioxide absorfitn inAmygdalus

Amygdalusscoparia

Conversion coefficient 7
Organic carbon (kg/ha) 0.0575
Organic carbon in total (kg) 539.005
CO2 absorption (ton/ha) 0.211
Total of CO2 absorption (ton) 1977.9

Table 6 shows Duncan test results for the mean ocarbtorage comparison inthe crown diameter in

Amygdalusscoparia
Table 6 Analysis of variance of carbon storage iAmygdalusscoparia in study area

Sum of Squares Mean Square df F sig
Between Groups 2.097 0.524 4 10.786 0.000
Within Groups 0.488 0.094 10
Total 2.583 14

Table 7 Duncan test results for comparing the carbo stored in Amygdalusscoparia in Firouzabad Forest Research

Crown diameter classes Mean Carbon sequestration Class

<1 0.665 a
1-2 0.875 a
2-3 1.39 b
3-4 14 b
4< 1.68 b

Percentage of organic carborAistachio atlantica, Amygdalus scopaaad soil are showed in figure 1.

B Amygdalus B Pistachio
0.39% 12.71%

Figure 2 Percentage of organic carbon ifistachio atlantica, Amygdalus scoparia and soilEconomic value of Carbon Sequestration
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Table 8: Economical value of carbon sequestratiomidifferent parts of the forest

object CO; uptake (ton/ha) Economic value ($)
Pistaciaatlantica. 6.86 418.46
Amygdalusscoparia 0.211 12.871
Soll 47 2867
total 54.071 3298.331
CONCLUSION

In this research, we considered to estimate amaafntsrbon sequestration and the economic valuedda be
placed on an environment. The amount of carbonestation in soil and vegetation was 14.65 ton/hlae amount
of carbon sequestration in the total forest staad W37329.1 ton. The percentage of C sequestratitime soil
washigh, approximately 87%, because it was an @ldst standC storage is accumulated in these yreawil.C
sequestration in Pistachio sp. was low (13%) beraspecies density waslow. The economic value of C
sequestration was $418.46 (USD) and $12.871 (USD)each hectare forPistachio atlantica and
Amygdalusscoparisgespectively.Results show that the C storagéstachio atlanticas very important and because
of existence of old trees so these species muptdiected and not be cutted.Amounts of carbon staimn will
increase by conservation by increasingdensitipisfacioatlantica The area of this forest is considerable, theeefor
an area could be designated for this purpose anigleer-level of carbon sequestration could be itatdd. The
amount of C sequestration and its economic valuthénsoil were calculated 12.78 t/ha and $ 835.@12D)
respectively. Therefore anincrease of C sequestrati a dry ecosystem would be beneficial in ecoicoamd
environmental terms. Decision making for more éfit for land use and conservation can be made sfteetive
with consideration of a forest’'s economic valuet thgists as a free resource for humans.There ater§asuch
erosion caused by overflow from seasonal rainsfimathat contribute to depletion of organic C an@Zcontents
in forests. These factors need consideration ithéurresearch to address associated problems #natanfound
attempts to raise levels of carbon sequestratiothése ecosystems. The site of this research walseirsemi-
aridregion of Iran. Research on such a site isuldefcause activities that cause C emissions agethan that of
other sites therefore afforestation and reforestadre very important in these regions.
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