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4- Carbon sequestration
5- Soil organic carbon
6- Soil inorganic carbon
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2- Intergovernmental Panel on Climate Change
3- Petagrams
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5- Precipitation
6- Stable

7- Biomes

8- Global change
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1- Pedo-lithogenic
2- Pedo-atmogenic
3- Neoformation
4- Exogenous
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Figure 1- Location of the studied area and the excavated profiles



VFoo Cuinguud )l = 995958 I oylods FO wl (S g Ol w5 YF

k
SOC, = SOC; xhy x i <omm [L— S | ¥10° ¥ dlee
i=1
Kk
SICs =Y _SIC; xhy x p; <omm [1-S; ]x103 ¥ wsles
i=1

5 oS Lisu ey 4 SICi 9 SOC; o ¢ ¥ Ly, )
PS5 S 3 S )5 e Bl gl SB T e S
o S 58] o cuolses hi il e (9 C g7 Soil) S
> 8 Si 5 (Mg M) 0 581 5ol ogasco p > picyie
(STCs) SB ()8 035 JS il oo 381 20 (sl SB- 02 S
(SIC) S JT 5 08 5 (SOC) S JT 08 155 o §
iz JCal el Spd (gly ooyl 1 0gMe D545 o0 duwlee
5 I oS (A oS 0y (b SSE 3 (8
U yio il £e=VYe g YO=F+ o=V0 sloGos o SB S )8
(7) 23,5 ey (Lambda=-/1) ¥ Mol @b 51 oliul

LSl (35519890 slasSiay

s 3)90 Slag SB (Sfsledyse slaShy Sr ) Jo
BAVYV) b Jeske g 8150 (LS b d939 Jud 4 lag S
aS I pd il (59,5) Y915 pledle ghyls (1oys YIY
olestl g5 5 baces (B 381) o5 cslogsdl 13 SB sl
s Lol olos o adllas 390 S iman Cusl oxSo
Al o2 i > gl 59y 2 9 "oy S >
5 P9 b o (Sfean) Caluc s als Ol S oS
oo 4 SIS sl 33l jd calises y0lie 4y (Nodule) Sa )3
=25 (W) oL 9 5 (Y JS3) (Y0) el sanlie 1B
pre Loy & d2g b Jlgto dlojo slea g |) S 0l S
IV s yo g Jlis | als o aS ads00 oyl 0 S 2959
Guaib blod 4 .0l 1) pudS” 0y )8 meos 381 drwgd oy
UG T ads o 5 adllas 5y90 slabidgys (V) ohlSan 5 LS
S a5 ilbaa (gun) SB L g0 Jsb 5, 55 418
e L aS Js 53 sl e 10YR s (sla 38l 5 Juslo
95Y S5 LIk zg0 Job 5y (pps s 38l 55 S @l S
il e 2.5Y

2- Spline function
3- Residual
4- Hue
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Table 1- Morphological characteristics of the studied profiles
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Horizon (o sil) Structure* Boundary** CF (%V) Sais Ssb o
Depth (cm) Dry Moist
Pedon No. 3- Calcic Haploxeralfs
A 0-15 gr f-1vf C,S 31 10YR 6/3 10YR 4/4
Btkkl 15-50 abk co-2m G,S 10 5Y 8/1 5Y 7/2
Btkk2 50-70 sbk f-1vf cw 15 5Y 8/1 5Y 7/2
Ck 70-110 - cw 22 5Y 8/1 5Y 7/2
Cr 110-155 - - 21 5Y 8/1 5Y 6/2
Pedon No. 4- Typic Cacixerepts
A 0-20 gr f-2vf CS 20 10YR 7/2 10YR5/4
AB 20-30 co abk-2m CsS 9 10YR 7/2 10YR5/4
Bkl 30-55 m sbk-2f G,S 17 2.5Y 8/2 2.5Y 6/4
Bk2 55-95 1f shk G,S 27 5Y 8/2 5Y 6/4
Ck 95-125 - c,w 28 5Y 8/3 5Y 6/4
Cr 125-145 - - 24 5Y 8/3 5Y 6/4
Pedon No. 5- Typic Cacixerepts
A 0-25 f gr-1vf C,S 17 10YR 7/2 10YR 4/3
Bk 25-55 m abk-2f CS 9 10YR 7/2 10YR 5/3
C 55-75 - CS 27 10YR 7/2 10YR 5/3
Cr 75-100 - G,W 39 10YR 7/2 10YR 4/3
Pedon No. 6- Typic Cacixerepts
A 0-15 gr f-1vf AS 19 10YR 6/3 10YR 4/4
Bk 15-65 abk 1f CS 32 10YR 7/2 10YR 5/3
Ck 65-95 - C,S 33 10YR 7/2 10YR 5/3
Cr 95-130 - - 51 10YR 7/2 10YR 5/3
Pedon No. 11- Typic Cacixerepts
A 0-25 m gr-2f CS 16 10YR 6/4 10YR 4/4
Bkl 25-70 abk co-2m CS 23 10YR 7/3 10YR 5/4
Bk2 70-95 abk m-2f CS 32 10YR 6/3 10YR5/4
C 95-150 - - 29 25Y7/4 2.5Y 5/4
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1- Clay mineralogy
2- Soil solum
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Figure 2- View of the studied profiles. Residual formation of profiles and development of horizons and Saprolite
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Table 2- Some physical and chemical properties of the studied profiles

- s Calaa uw-‘ ) o oy s S6 el . u-!;f e Cowd ol cudybs
S Sk " ¥l ot N
Jalzo
. EC Sand Clay Silt CCE oC SAR CEC
Horizon Depth (cm) (ds m? pH (%) (%) (%) Texture (%) (%) (mmol L1 (cmol, kg*)
Pedon 3- Calcic Haploxeralfs, 2670 m
A 0-15 1.68 7.56 44 15 41 loam 10 1.25 1.84 13.40
Btkk1 15-50 0.75 7.66 9 49 42 silty clay 63.25 0.88 2.70 18.69
Btkk2 50-70 1.14 7.78 22 43 34 clay 63 0.70 2.73 16.85
Ck 70-110 297 8.01 33 35 31 clay loam 49.25 0.51 9.47 17.76
Cr 110-155 1.33 8.82 37 29 34 clay loam 39.25 0.29 9.95 18.69
Pedon 4- Typic Calcixerepts, 2670 m
A 0-20 0.48 7.91 49 22 29 loam 9.75 0.86 113 15.08
AB 20-30 0.79 7.77 44 35 21 clay loam 12 0.86 1.98 17.76
Bk1 30-55 0.67 7.90 33 40 27 clay 19 0.68 2.56 32.59
Bk2 55-95 0.98 7.85 44 23 32 loam 16.25 0.51 4.88 33.79
Ck 95-125 0.71 7.85 47 21 32 loam 19.5 0.45 1.97 33.79
Cr 125-145 0.85 7.89 58 15 27 sandy loam 18.75 0.20 1.70 33.79
Pedon 5- Typic Calcixerepts, 2615 m
A 0-25 1.06 791 66 5 28 sandy loam 75 0.64 2.61 29.09
Bk 25-55 0.36 7.90 58 13 28 sandy loam 12.75 0.47 1.13 49.11
C 55-75 0.39 7.73 79 9 12 sandy loam 11 0.45 117 75.59
Cr 75-100 0.63 7.76 79 9 12 sandy loam 16.25 0.33 2.55 72.72
Pedon 6- Typic Calcixerepts, 2915 m
A 0-15 1.36 7.76 44 18 37 loam 4 1.33 2.88 18.69
Bk 15-65 0.32 7.96 75 7 17 sandy loam 10.5 0.39 1.15 15.96
Ck 65-95 0.47 8.08 68 18 13 sandy loam 13 0.37 0.42 16.85
Cr 95-130 0.57 7.93 72 8 19 sandy loam 8 0.23 2.95 17.76
Pedon 11- Typic Calcixerepts, 3024 m
A 0-25 0.90 7.32 33 29 38 clay loam 15 1.87 0.81 22.62
Bkl 25-70 0.91 7.82 23 29 48 clay loam 155 0.55 4.22 19.64
Bk2 70-95 0.27 7.93 31 36 32 clay loam 115 0.39 0.72 25.76
C 95-150 0.28 8.08 45 28 27 clay loam 28.25 0.39 0.55 20.61
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Figure 3- Relationship between elevation and the organic carbon percentage of the surface horizon (A) in the studied profiles
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Table 3- Organic carbon, inorganic carbon and total carbon storage contents in various horizons of the profiles.
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Horizon BD+ SOC SIC SOCs SICs STCs
(gcm?) (%) (%) (kg m?) (kg m?) (kg m?)
Pedon 3
A 1.42 1.25 0.91 1.84 1.34 3.18
Btkk1 1.12 0.88 7.48 3.08 26.29 29.38
Btkk2 1.13 0.70 7.64 1.34 14.59 15.93
Ck 1.20 0.51 6.11 1.91 23.07 24.98
Cr 1.25 0.29 5.86 1.30 26.05 27.35
Pedon 4
A 1.35 0.86 0.69 1.84 1.49 3.33
AB 1.25 0.86 1.54 0.98 1.75 2.73
Bkl 1.18 0.68 2.45 1.68 6.04 7.72
Bk2 1.28 0.51 1.84 1.89 6.86 8.75
Ck 1.24 0.45 2.35 1.20 6.31 7.51
Cr 1.25 0.20 2.71 0.38 5.13 5.51
Pedon 5
A 1.67 0.64 0.40 2.23 1.37 3.59
Bk 1.26 0.47 1.72 1.62 5.95 7.57
C 1.35 0.53 1.60 1.04 3.16 4.20
Cr 1.25 0.33 2.07 0.63 3.93 4.56
Pedon 6
A 1.45 1.33 0.30 2.32 0.52 2.85
Bk 1.46 0.39 1.88 1.93 9.30 11.23
Ck 1.47 0.23 2.18 0.69 6.39 7.08
Cr 1.40 0.37 1.00 0.89 2.42 3.31
Pedon 11
A 1.15 1.87 0.14 453 0.33 4.86
Bkl 1.36 0.55 1.76 1.83 8.26 10.09
Bk2 1.24 0.39 1.01 1.16 2.14 3.30
C 1.21 0.39 2.61 1.86 12.43 14.29
Y =-1.372*X + 2.423
3 —
R?= 0.538
2, o ° P value= 0.0004
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Figure 4- Relationship between SIC and SOC in studied soils
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Figure 5- Thin section image of the bedrock of some profiles. a: Profile bedrock No.3, b: Profile bedrock No. 3 with calcium

carbonate accumulation layer, c: Profile bedrock No. 6 and d: Profile bedrock No. 11
Plagioclase minerals are marked on the images.
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Table 4- Organic and inorganic carbon storage and their ratio to total carbon
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Pedon No. (Ifgor(tii) (ksg' %S_’z) (f;rﬁi) SICs/SOCs (SICs/STCs)*100 (SOCS/STCs)*100
Pedon 3 9.48 91.34 100.83 9.63 90,59 9.40
Pedon 4 7.97 2758 35.56 3.46 77.56 2241
Pedon 5 552 14.41 19.92 261 72.34 27.71
Pedon 6 5.83 18.64 24.47 3.19 76.17 23.83
Pedon1l  9.37 23.16 3253 2.47 71.20 28.80
Mean 763 35.026 42.662 4.27 7757 2243
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SOC: I s 0y
1009
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Percentage of total carbon
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Figure 6- Percentage of organic and inorganic carbon portion of total soil carbon for the studied profile
The dotted line represents the average portion of inorganic carbon in the total soil carbon, and the dashed line represents the average
portion of organic carbon in the total soil carbon.
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Figure 7- Storage of organic and inorganic carbon at different depths of the soil profiles. a, storage of soil organic carbon; b,
storage of soil inorganic carbon; c, storage of total soil carbon and d, ratio of soil inorganic carbon to soil organic carbon
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Introduction: Soil carbon (C) sequestration is recognized as a potentially significant option to off-set the
elevation of global atmospheric carbon dioxide (CO2) concentrations. Soils are the main sink/source of carbon
and also, an important component of the global C cycle. Total soil carbon (C) comprises of the soil organic C
(SOC) and the soil inorganic C (SIC) components. The soil inorganic C (SIC) stock mainly consists of
carbonates and bicarbonates. Processes governing the dynamics of the soil carbon stock differ among ecoregions
and strongly interact with soil properties. Understanding the distribution of organic and inorganic carbon stocks
in soil profiles is essential for assessing carbon storage at the regional and global scale. Although global
estimates provide a general view of carbon stock levels, accurate local estimates and factors affecting soil carbon
dynamics are very important. As a result, there is an essential requirement for accurately estimating the
distribution of carbon reserves and their differences with regard to soil properties.

Materials and Methods: The study area is located in the Sardooeyeh region, South of Kerman, under
semiarid conditions. A total of 5 soil profiles were excavated. Percentage of coarse fragments (> 2 mm) using a 2
mm sieve, total organic C by the K,Cr,07-H,SO4 oxidation method of Walkley-Black, soil inorganic carbon
using the Gravimetric carbonate meter method were determined. Bulk density was measured by drying core
samples in an oven overnight and dividing the weight of dry soil by the volume of the core occupied by the soil
after correction for coarse fragments.

Results and Discussion: Organic carbon in the surface horizons of all profiles is maximum due to vegetation
and decreases with increasing soil depth. As the altitude increased, the amount of organic carbon increased in the
surface horizons. Lower temperature and higher humidity at higher altitudes lead to the lower organic matter
decomposition and consequently higher organic carbon content of the soil. Although the upper soil layers had the
maximum soil organic C content, the maximum soil inorganic C content was observed in the sub-surface layers.
The soil organic carbon storage was between 5.52 to 9.48 kg m and the storage of soil inorganic carbon in
profiles was between 14.41 and 91.34 kg m. The total soil carbon storage in the profiles varied between 19.92
to 100.83 kg m™ and the average was 42.66 kg m™2. The average of soil organic carbon storage in 0-25, 25-60,
60-120 cm depths were 2.6, 1.97 and 1.26 kg m™, respectively. The amount of soil inorganic carbon storage in 0
-25, 25-60 and 60-120 cm depths were equal to 2.7, 10.40 and 8.26 kg m, respectively. Therefore, it seems that
more than 50% of the total soil inorganic carbon storage is stored at a depth of 25-60 cm from the soil surface.
The portion of inorganic carbon storage of total soil carbon was 77.5%, and about 89% of it was stored in sub-
surface horizons (below 25 cm). The portion of organic carbon storage of total soil carbon was 22.4%. It seems
that an increase in the partial pressure of CO- in soils leads to some dissolution of the pedogenic carbonate in the
top soil. Dissolved pedogenic carbonate transfers to the deep soil and then re-crystallizes under relatively dry
conditions and low CO,.

Conclusion: The results showed that soil organic carbon storage was mostly higher in surface horizons, and
soil inorganic carbon storage was higher in sub-surface horizons. On average, the ratio of soil inorganic carbon
storage to soil organic carbon storage was 4.27. The high percentage of soil inorganic carbon storage in total soil
carbon, shows that inorganic carbon plays a very important role in semi-arid regions. Almost 89% of the soil

1, 2 and 4- Ph.D. Student, Assistant Professor and Professor, Department of Soil Science, Agriculture Faculty, Shahid
Bahonar University of Kerman, respectively.

(*- Corresponding Author Email: a.jafari@uk.ac.ir)

3- Professor, Department of Soil Science Faculty of Agricultural Engineering and Technology, College of Agriculture
and Natural Resources, University of Tehran, Karaj

5- Associate Professor, Department of geology, Faculty of sciences, Shahid Bahonar University of Kerman

DOI: 10.22067/jsw.v35i1.82133



VPoe Sl Dyl — 3303959 ) oyleds FO wler (S g0l s FA

inorganic carbon content and about 80% of the total soil carbon were accumulated in the sub-surface horizon of
soil (below 25 cm), indicating the importance of sub-surface soil for storing carbon in semi-arid regions.

Keywords: Climate change, Deep soil carbon, Total soil carbon, Global warming



