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Abstract

This study explores the influence of land altitude on soil organic carbon (SOC) storage in the forest
soils of Talesh County, Gilan Province. Soil samples were collected from four distinct altitudinal
ranges (500-1000, 1000-1500, 1500-2000, and 2000—2500 meters above sea level) with comparable
intrinsic characteristics. Composite soil samples were taken from a depth of 0-35 cm, and the
concentration of soil organic carbon, combined with soil bulk density from undisturbed samples, was
used to calculate SOC stocks.

Statistical comparisons were conducted using a randomized complete block design (RCBD). The Roth
C model was employed to estimate the organic carbon content of the soils. Climatic data and soil
organic carbon content at each altitude were utilized to calibrate and validate the model. To assess
potential variations in SOC storage under changing conditions, diverse climate change scenarios were
simulated using the Roth C model.

The findings revealed that as land elevation increased, SOC storage also increased, primarily due to
higher precipitation and lower temperatures at higher altitudes. The Roth C model demonstrated high
precision in estimating SOC levels, with correlation and determination coefficients of 0.97 and 0.95,
respectively.

The model further suggested that under current climate conditions, soil organic carbon remains stable
over time. At equilibrium, the carbon input into the soil through plant residues equals the carbon output
from the soil as carbon gas emissions.
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Roth C model, Climate change Scenarios.
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Tablel- Average rainfall (mm) for different months of the year in the elevation classes under study

Nov Oct Sep Aug Jul Jun May Apr Mar Feb Jan Elev.(m)
(BLh (40) Gaes) Gl (=) Gls ) (Clges)) (psyeh) (awh) (Geg) (s3) &)

187.33 82.44 69.85 23.60 29.64  30.52 64.46 154.60 157.41 147.40 130.79  500-1000

163.13  83.93 47.57 2845 2981 37.78 112.42 22330 206.96 173.69 192.77 1000-1500
168.57 14421 12298 102.02 103.29 172.92  195.47 21593 188.21 149.71 177.37 1500-2000
183.20 157.35 127.82 108.62 11528 175.39  205.09 231.22  202.01 15455 184.74 2000-2500
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Table2- Average temperature (°C) for different months of the year in the elevation classes under

study
Dec Nov  Oct Sep Aug Jul Jun May Apr Mar  Feb Jan Elev.(m)
5] Lh e Gaes) Gl (o) Gls ) (e (psyud) (s (o) (62) tl&:)
17.06 2190 28.27 3281 36.66 37.19 35.62 32.64 26.72 2157 1736 1541 500-1000
11 15.62 2250 27.46 3112 3184 29.11 2493 19.33 1328 10.04 9.15  1000-1500
745 1252 1873 23.18 28.87 2863 26.16 2249 16.69 1086 7.21 556  1500-2000

6.50 1135 1835 23.02 26.76  26.89 2453 20.19 14.56 8.38 510 426  2000-2500
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Table3- Average evapotranspiration (mm) for different months of the year in the elevation
classes under study

Dec Nov Oct Sep Aug Jul Jun May Apr Mar Feb Jan Elev.(m)
3D (@) () Gaed) (313 ,0) (¢%)) Gls2) (kg (er3,594) (iwl) (crog) (D) gl
98.2 111 126 136.5 1145 107 1013 88.14 83.47 8222 89.25 99.2 500-1000
102 106 123  139.3 1217 106 98.34 85.36 82.22 8178 8497 97.1  1000-1500
739 878 102 1311 105.7 988 9421 84.37 62.37 56.54 7342 84.0  1500-2000
635 672 701 8394 8484 73.6 59.84 51.92 43.34 39.76  46.47 56.3  2000-2500
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Table4- Average annual rainfall, temperature, and evapotranspiration in the elevation classes

under study

S5 e bs Sk gs)!
Evapotranspiration Temperature Rainfall Elevation

(mm) (°C) (mm) (m)
1238.38 26.93 1247.26 500-1000
1231.15 20.45 148.10 1000-1500
1055.05 17.28 1937.41 1500-2000
740.76 15.83 2052.01 2000-2500
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Tableb5- Scenarios considered for the Roth C model
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Table 6- Data on sand, silt, clay content, texture type, organic carbon stock, bulk density,
acidity, and electrical conductivity for each of the four elevation classes under study
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0.42 5.49 1.29 44.23 Silty Clay Loam  43.40 3945 17.15  500-1000
0.36 5.44 1.14 67.20 Silty Clay Loam 49.03 37.90 13.07 1000-1500
0.26 5.29 1.10 79.47 Silty Clay Loam 4730 39.01 13.69 1500-2000
0.19 5.19 1.05 97.46 Silty Clay Loam 49.75 3935 10.90 2000-2500
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Table7- Results of variance analysis on the impact of altitude above sea level on organic carbon
concentration and stock in forest soils in the study area

Sl Sl

Mean square

_ ' Ol i facas
el ws o3 S I oS by 6331 am o S.0V
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sl
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Table 8- Comparison of means regarding the effect of altitude on organic carbon concentration
and stock in soil
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Table 9- Pearson correlation coefficients (r) for altitude, precipitation, and temperature with
measured organic carbon concentration and stock in the study area
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Fig.3. Model output for organic carbon stock in the first elevation class of the study area until
2102.
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Fig.4. Model output for organic carbon stock in soil for all four elevation classes in the study
area until 2102
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Fig.5. Model validation by comparing simulated and observed organic carbon stock data in all
four elevation classes in 2022
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Tablel0- Statistical indices calculated for model validation
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Fig.6. Model output for organic carbon stock in soil in all four elevation classes until 2102 (no
climate change scenario)
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Fig.7. Model output for cumulative carbon dioxide until 2102 in all four elevation classes in the
study area (no climate change scenario)
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Fig.8. Model output for organic carbon stock in soil in all four elevation classes until 2102 in
the study area with climate change (second scenario)
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Fig.9. Model output for cumulative carbon dioxide until 2102 in all four elevation classes in the
study area with climate change (second scenario)
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Fig.10. Model output for organic carbon stock in soil in all four elevation classes until 2102 in
the study area with climate change (third scenario)
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Fig.11. Model output for cumulative carbon dioxide until 2102 in all four elevation classes in
the study area with climate change (third scenario)
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for all three applied scenarios.
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