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Table 1. Normality results of data using statistical indices in soybean and wheat fields (S: Soybean, W:

Wheat)

Variables Kurtosis Skewness

Statistic Std.Error Statistic Std.Error

S wW S W S wW S w
Before sowing (0-15cm) -045 -05 039 05 -009 -02 019 0.25
Before sowing (15-30cm) 109 176 039 05 -105 -08 019 0.25
After harvest (0-15cm) -036 154 039 05 -015 025 019 0.25
After harvest (15-30cm) -0.33 157 039 05 -0.16 0.80 0.19 0.25

Kolmogorov-Smirnov Shapirov-Wilkstatis

Statistic Sig. Statistic Sig.

S w S W S W S w
Before sowing (0-15cm) 0.04 007 02 02 098 097 029 0.16
Before sowing (15-30cm) 013 006 02 02 09 09 029 0.15
After harvest (0-15cm) 003 009 02 02 099 09 029 0.02
After harvest (15-30cm) 004 007 02 02 099 095 0.29 0.06
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Figure 2. Zoning of soil organic carbon content of fields under wheat cultivation at depths of 0-15 cm before

sowing (Figure A), 0-15 cm after harvest (Figure B), 15-30 cm before sowing (Figure C) and 15-30 cm after
soybean harvest (Figure D) using kriging method in Gorgan croplands
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Table 2. The geostatistical methods assessment results in estimating the amount of soil organic carbon in the before sowing and after harvest soybean in Gorgan croplands

Depth Before planting After harvest Before planting After harvest
(0-15cm) (15-30 cm) (0-15¢cm) (15-30 cm)
Model RMSE MBE MAE RMSE MBE MAE RMSE MBE MAE RMSE MBE MAE
Power 1 3.51 -0.13 4.20 1.82 -0.31 2.14 0.77 -0.012 0.92 1.97 -0.06 2.14
IDW Power 2 4.06 -0.51 4.75 1.93 -0.42 2.27 0.79 -0.03 0.98 1.90 -0.12 2.32
Power 3 4.36 -0.72 5.09 1.98 -0.39 2.37 0.81 -0.004 1.02 1.85 -0.14 2.27
Multiquadric function 4.50 -0.52 5.15 1.88 -0.24 2.28 0.90 0.03 1.12 191 -0.06 2.35
RBF '”Veﬁmm‘“ad”c 3.18 0.20 3.96 1.77 -0.15 2.11 0.75 0.065 0.89 2.005 -0.02 2.37
Thin-plate spiline 6.86 -1.03 7.73 1.89 -0.32 247 1.15 0.084 151 2.17 -0.05 2.63
Orderl 3.53 -0.18 4.42 1.77 0.013 2.07 0.80 -0.032 0.95 2.062 -0.19 242
Local Plynomial Order2 4.22 -0.67 5.52 1.95 -0.04 2.44 0.87 0.16 111 2.05 -0.14 2.57
Order3 5.54 0.51 9.03 2.20 -0.41 4.36 1.17 0.35 1.62 2.59 -.033 3.38
Stable 3.17 0.25 4.03 1.66 -0.15 2.04 0.77 0.033 0.92 2.015 -0.12 2.47
J-Bassel 3.17 0.25 4.03 1.62 -0.12 1.98 0.76 0.030 0.90 2.13 -0.10 2.61
Kriging Gaussin 3.17 0.25 4.03 1.66 -0.15 2.04 0.77 0.033 0.92 1.97 -0.13 0.19
Exponential 2.99 0.20 3.98 1.70 -0.13 2.06 0.73 0.047 0.87 197 -0.09 241
Spherical 3.17 0.25 4.03 1.70 -0.13 2.06 0.75 0.033 0.90 1.97 -0.10 241
Circular 3.17 0.25 4.03 1.67 -0.15 2.04 0.76 0.034 0.91 1.94 -0.13 2.38
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Table 3. The geostatistical methods assessment results in estimating the amount of soil organic carbon in the before sowing and after harvest wheat in Gorgan croplands.
Depth Before planting After harvest (0-15cm) Before planting After harvest (15-30 cm)
(0-15cm) (15-30cm)
Model RMSE MBE MAE RMSE MBE MAE RMSE MBE MAE RMSE MBE MAE
Power 1 2.20 0.38 2.65 0.5 -0.02 0.55 1.45 -0.016 1.64 0.50 0.001 0.63
IDW Power 2 241 0.51 2.90 0.52 -0.05 0.56 1.57 -0.023 1.77 0.58 -0.01 0.66
Power 3 2.52 0.52 3.04 0.54 -0.04 0.58 1.62 -0.025 1.82 0.63 -0.01 0.69
Multiquadric function 2.35 0.36 2.86 0.45 -0.02 0.50 1.54 0.035 1.75 0.57 0.082 0.66
RBF '”Versfmgm]“ad”c 2.06 0.11 2.48 0.45 -0.02 0.50 1.32 0.013 1.50 0.48 0.016 0.59
Thin-plate spiline 3.80 0.98 5.65 0.47 -0.03 0.61 1.80 0.26 2.12 0.67 0.059 0.79
Orderl 2.04 0.13 2.54 0.46 -0.02 0.57 1.49 0.009 1.64 0.56 -0.02 0.71
Ilgl(;/c:cl)mia Order2 3.27 0.34 4.25 -0.071 -0.07 0.71 1.52 0.10 1.92 0.63 -0.03 0.78
Order3 0.27 -0.20 11.75 111 -0.39 1.60 3.39 1.34 5.66 4.54 0.41 12.13
Stable 2.05 0.13 2.48 0.44 -0.05 0.49 1.38 -0.02 1.56 0.48 0.015 0.60
J-Bassel 2.04 0.10 2.45 0.45 0.05 0.50 1.27 0.03 1.48 0.43 0.025 0.56
Kriging Gaussin 2.05 0.13 2.48 0.44 -0.05 0.49 1.38 -0.03 1.56 0.50 0.013 0.62
Exponential 1.98 0.075 2.44 0.43 0.021 0.47 1.27 -0.001 149 0.47 0.043 0.59
Spherical 2.05 0.12 2.47 0.44 -0.001 0.49 1.34 -0.007 1.52 0.49 0.015 0.61
Circular 2.06 0.13 2.48 0.46 -0.01 0.49 1.30 -0.014 1.56 0.49 0.013 0.62
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Figure 3. Zoning of soil organic carbon content in fields under wheat cultivation at depths of 0-15 before

sowing (A), 0-15 after harvest (B), 15-30 before planting (C) And 15-30 cm after wheat harvest (D) using
kriging method in Gorgan croplands
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Figure 4. Zoning map of carbon accumulation under the cultivation of soybean in depths 0-15 cm (a) and
15-30 cm (b) using Kriging method in Gorgan croplands
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Figure 5. Zoning map of carbon accumulation in under the cultivation of wheat in the depths 0-15 cm (a) and
15-30 cm (b) using Kriging method in Gorgan croplands
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Figure 6. Zoning map of carbon accumulation in the soybean-wheat crop rotation in the depths 0-15 cm
() and 15-30 cm (b) using Kriging method in Gorgan croplands

S S Spas Solis a5 0b 5yl hie S
SIS b 5l el )10 ol 5o 52 4 T el 5
by oS HaslniS p (gie 5l559LaS ey S
3 1y adlor G5 gt 3 paiS b ool o
52 Ol el Jemily 5 JT 0058 Oliee talojl 0l
Ao ol b 85l pasE I iy Lgw ol oS
2 et G (2l)5 oS Ly ey el (] Wb
2 S (T epyS cldl ity 5 JTen S Glie
J—do an g oS 5 )ls SLs g0 g Jsl sl es
i) 5 @l el sl kg ZU (sl
Ulg 1S Y i o Ao 0 g s
arp Ygol ol Iy 50 08 il s (s it
DBl i olS 58 (eein) g 2lee leplal o
o e Gl 8l 50 S i o ol Ul
J=Yo a5 2ged pasiin £)l5e (Su e aslip g alil
el 83,851 (ol bl oo 25T wiile alise
YT rile 0559 5 (looa 355 0l Bpae ¢ Sa g
2 S S Blil 2alS @ e cglhe 4 aliee

ighse puiS ¢)l5e

\Y

ERUSTLE S
e Sz ;S (g, a8 ol lis gy o ol S
Jol sloes ;o (2)S edlil fesly sl 5 mesS
Ly £l ol cog (ol)s Glagre) ;o S po
Ll QLT Gl e (55,9LiS 03gumme )3 paiS g
3 S oS calil il (e iy sl
cleany Sz 5 Wi oo (S Gee g0 50
ol o ool Las o maS 9 YL cds adls
(S G S ) cggezme o oS ol plis gy
S0 9 S 2z (@9 oS b Jled
Pz 9 o Gle iS5 i Ol b
3979 (S Sebll Sy (liee (27508 Lm0
3o Obey 58 kg 5050 55 ()5 (oo i 231
30 paS gl o g aals 1 o8 5l s clls
g Sld 3l e e 3l i <l 1 L8 e
g0 op3d (N 0y S i e IS b
2 0SS e S caldl fedly e (2 b
ol il olais ol ae 4 aLS @isS g0

P &l 5l (B 5o oS Bl (e el



\f’Y)Le,gs\ o)Lwi:‘\\..\.l;? Jl?‘_gdj.l)l.fu .

References

Ahmadi H., Heshmati GH.A., and Naseri H.R. 2014. Potential of soil carbon sequestration in desert
lands under the influence of Saxaul (Haloxylon persicum L.) and Spiny Rush (Juncus acutus L.)
(Case study: Aran and Bidgol). Journal of Desert Ecosystem Engineering, 23(5): 63-92.

Ayobi S., Mohammad Zamani S., and Khormali F. 2007. Prediction total N by organic matter
content using some geostatistic approaches in part of farm land of Sorkhankalateh, Golestan
Province. Journal Agriculture Sciences and Natural Resource, 14(4): 1-10. (In Persian with
English Summary)

Blake G.R., and Hartge K.H. 1986. Bulk density. In: Klute, A. (Eds.), Methods of Soil Analysis.
Part I: Physical and Mineralogical Method, Agronomy Monograph No. 9. ASA-SSSA, Madison,
pp. 363-375.

Brar B.S., Singh K., Dheri G.S., and Kumar B. 2013. Carbon sequestration and soil carbon pools in
a rice-wheat cropping system: effect of long-term use of inorganic fertilizers and organic
manure. Soil Tillage Research, 128: 30-36.

Buringh P. 1984. Original carbon in soils of the world. In: Woodwell, G.M. (Eds.), The Role of
Terresterial Vegetation in the Global Carbon Cycle. John Wiley and Sons, Inc, New York,
247p.

Das A., Lal R., Patel DP., Idapuganti RG., Layek J., Ngachan SV., and Ghosh PK. 2014 .Effects of
tillage and biomass on soil quality and productivity of lowland rice cultivation by small scale
farmers in North Eastern India. Soil and Tillage Research, 143: 50-58.

Dieleman C.M., Branfireun B.A., Mclaughlin J.W., and Lindo Z. 2015. Climate change drives a
shift in peatland ecosystem plant community: implications for ecosystem function and stability.
Global Change Biology, 21: 388-395.

Dianati Tilaki GH.A., Naghipoor Borj A.A., Tavakoli H., Heidarian Aghakhani M., and Saeed
Afkhamoshoara M.R. 2009. Effect of exclosure on soil carbon sequestration and plant biomass
in semi-arid rangelands of North - Khorasan province. Rangeland Scientific Research Journal,
23: 668-679.

Han B., Wang X.K., and Ouyang Z.Y. 2005. Saturation levels and carbon sequestration potentials
of soil carbon pools in farmland ecosystems of China. Rural Eco-Environment, 21: 6-11. (In
Chinese)

Hasanipak A. 1998. Geostatistics. Tehran University Press, 314p. (In Persian)

Heidari P., Hojati S., Enayati Zamir N., and Rayatpishe A. 2017. The impact of land use change on
organic carbon storage and some soil biological properties in a part of rakat watershed in
Khuzestan province. Iranian Journal of Range and Desert Research, 24: 181-192.

Jafarian Z., and Tayefeh Seyyed Alikhani L. 2012. Carbon sequestration potential in dry farmed
wheat in Kiasar Region. Journal of Agricultural Knowledge and Sustainable Production, 23(1):
31-41. (In Persian with English Summary)

Kazemi H., and Ghorbani Kh. 2015. Investigation of different interpolation methods for estimation
and zoning of precipitation variables in agricultural lands of Ag-Qalla township for rainfed
cropping of autumn cereals. Journal of Water and Soil Conservation, 22(4): 1-23.

Kravchenko A., and Bullock D.G. 1999. A comparative study of interpolation methods for
mapping soil properties. Agronomy Journal, 91: 393- 400.

Khorramdel S., Rezvani Moghaddam P., and Jafari L. 2016. Evaluation of potential for carbon
sequestration in Rapeseed (Brassica napus L.) in Razavi Khorasan province. Journal of Crop
Production, 9(3): 22-43. (In Persian with English Summary)

Lemma B., Kleja D.B., Nilsson I., and Olsson M. 2006. Soil carbon sequestration under different
exotic tree species in the southwestern highlands of Ethiopia. Geoderma, 136: 886-898.

Lichtfouse E. 2009. Climate Change, Intercropping, Pest Control and Beneficial Microorganisms.
Springer. 524p.

Li H., Qiu J.J., Wang L.G. and Yang L. 2011. Advance in a terresterial biogeochemical model-
DNDC model. Acta Ecological Sinica, 31: 91-96.

Li S, Li Y., Li X, Tian X., Zhao A., Wang S., Wang S., and Shi J. 2016. Effect of straw
management on carbon sequestration and grain production in a maize-wheat cropping system in
Anthrosol of the Guanzhong Plain. Soil and Tillage Research, 157: 43-51.


https://www.sciencedirect.com/science/article/pii/S0167198714001111
https://www.sciencedirect.com/science/article/pii/S0167198714001111
https://www.sciencedirect.com/science/article/pii/S0167198714001111

e pS —bigw el); ogls 0 Gl Sl S T en)S ol 35910

Luedling E., Kindt R., Hunth N., and Koenig, K. 2014. Agroforestry systems in a changing
climate-challenges in projecting future performance. Current Opinion Environmental
Sustainability, 6: 1-7.

Mahdian M.H. 2007. Application of Geostatistics in Soil Science. Proceedings of the First
Conference on Soil, Sustainable Development and the Environment. University of Tehran, Tehran,
Iran. (In Persian)

QiuQ., Wu L., Ouyang Z., Li B., Xu Y., Wu S., and Gregorich, E.G. 2015. Effects of plant-derived
dissolved organic matter (DOM) on soil CO, and N.O emissions and soil carbon and nitrogen
sequestrations. Applied Soil Ecology, 96: 122-130.

Sapkota T.B., Jat K.R., Singh R.G., Jat M.L., Stirling C.M., Jat M.k., Bijarniva D., Kumar M.,
Saharawat Y.S., and Gupta R.K. 2017. Soil organic carbon changes after seven years of
conservation agriculture in a rice-wheat system of the eastern Indo-Gangetic Plains. Sil Use and
Management, 33(1): 81-89.

Sarvi V., and Matinfar H.R. 2016. Evaluation of carbon sequestration potential in alfalfa, maize
and canola fields of Moghan plain using different statistical methods in GIS environment. First
Conferences on Remote Sensing and Geographic Information Systems in Earth Sciences.
Faculty of Agriculture, Shiraz University, Iran. Oceanic and Oceanographic Research Center.
(In Persian)

Shadrack B.D., Chen Z.D., Ratten L., Zhang H.L., and Chen F. 2014. Changes in soil organic
carbon and nitrogen as affected by tillage and residue management under Wheat -Maize
cropping system in North China Plain. Soil Tillage Research, 144: 110-118.

Smith J., Coleman K., Gottschalk P., Bellarby J., Richards M., and Nayak D. 2010. Estimating
changes in national soil carbon stocks using ECOSSE- a new model that includes upland
organic soils. Part 1. Application in Scotland. Climate Research, 45: 193-205.

Smith P. 2012. Agricultural gas mitigation potential globally, in Europe and in the UK: what have
we learnt in the last 20 years? Global Change Biology, 18:35-43.

Sommer R., and Bossio D. 2014. Dynamics and climate change mitigation potential of soil organic
carbon sequestration. Journal of Environmental Management, 144: 83-87.

Tao F., Palosuo T., and Valkama E. 2019. Cropland soils in China have a large potential for carbon
sequestration based on literature survey. Soil and Tillage Research, 186: 70-78.

Veramesh S., Hosseini S.M., Abdi N., and Akbarinia M. 2010. Effects of afforestation on
increasing carbon sequestration and improving some soil properties, Iranian Journal of
Forestry, Iranian Forestry Association, 1: 25-35.

Walkley A., and Black I.A. 1934. Na examination of the Degtjareff method for determiningsoil
organic matter and a proposed modification of the chromic acid titration method. Soil Science,
37: 29-38.

Webster R., and Oliver M.A. 2000. Geostatistics for environmental scientists. Wiley press, 271p.

Wouest S.B., and Gollany H.T. 2013. Soil organic carbon and nitrogen after application of nine
organic amendments. Soil Science Society American Journal, 77: 237-245.

Zhang P., Wei T., Li Y., Wang K., Jia Z., Han Q., and Ren X. 2015. Effects of straw incorporation
on the stratification of the soil organic C, total N and C: N ratio in a semiarid region of China.
Soil Tillage Research, 153: 23-35.

\f



\f’Y)Le,gs\ o)Lwi:‘\\..\.l;? Jl?‘_gdj.l)l.fu .

Estimation of Organic Carbon Content and its Changes in Soybean-
Wheat Cropping Rotation
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Abstract

The aim of this study was to investigate the effect of crop type on soil carbon accumulation in
soybean (Glycin max L.) and wheat (Triticum aestivum L.) rotation, in 150 fields of soybean and 89
wheat fields in Gorgan county, in the cropping years of 2016-2017 and 2017-2018, respectively. In
order to determine the amount of organic carbon and its changes, soil samples from two depths of
0-15 cm (first depth) and 15-30 cm (second depth) were prepared and then soil carbon was
measured by Walkley-Black method. Spatial distributions of soil organic carbon and carbon
accumulation potential at different depths and also, in the pre-sowing and post-harvest stages were
performance using different types of interpolation methods in ArcGIS enviroment. The results of
interpolation methods showed that Kriging was the best model for interpolation of organic carbon
distribution and carbon accumulation in agricultural fields of Gorgan. Average amounts of soil
organic carbon in the first depth of soybean fields were as 14.84 mg ha'and 13.41 mg hafor the
second depth in the pre-sowing stage. Also, it was estimated as 16.85 mg ha* in the first depth and
15.52 mg ha* for second depth, in the post-harvest stage. The amounts of soil organic carbon in the
wheat fields were determined about 16.78 and 15.25 mg ha*for first and second depths in the pre-
sowing stage, respectively. Those were 13.68 and 12.30 mg ha*for of first and second depths in the
post-harvest stage sampling, respectively. The results showed that the eastern, northern,
northeastern, southern, southeastern and central parts of the county had the highest carbon
accumulation due to access to modern irrigation systems, more water resources, better crop
management, suitable return of crop residue to the soil, develop of minimum tillage, minimizing
the burning of residue and using manure. Results showed that the western and southwestern parts
of the county had the lowest carbon accumulation.
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