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Fig. 1- The ICBM region concept.

(Crop, weather, and soil data for each region are used in the weather-to-re module (W2r.). The initial carbon mass values were presented as O, and
Y,. K and h were considered constant. i and r, show the climate coefficient and C input to soil respectively. (t.ha™))
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Table 1- The parameters of the ICBM model (Andrén et al., 2004)
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Fig. 2- Long term C input in different regions of Iran under 20 years period (1991-2010)
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Fig. 3- Change percentage of C input in different climates of Iran under 20 years period (1991-2010)
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Table 3- C sequestration related to current year (Y) (kg.ha™) and prior year (O) (t.year™)
Jlw oS » @y <30 g 3955 Ay
Year Wheat Barely Maize Rice Alfalfa Chickpea Cotton
0 Y o) Y o) Y (0] Y (0] Y o) Y o) Y

1991 220 449 220 377 242 941 241 845 267 1264 180 176 268 1490
1992 220 438 220 395 242 782 241 789 270 1993 180 188 26.8 1432
1993 220 434 220 410 242 767 241 847 267 1666 180 183 268 1393
1994 220 435 220 422 242 704 241 845 267 1503 180 182 268 1385
1995 220 445 220 430 241 650 241 81 268 1509 180 183 26.8 1388
1996 220 457 220 432 242 736 242 929 269 1656 180 192 268 1379
1997 221 514 220 439 242 768 242 938 267 1485 180 194 268 1357
1998 221 487 220 459 242 772 242 978 26,7 1409 180 192 26.8 1388
1999 220 448 220 403 242 818 242 978 267 1301 180 178 268 1421
2000 220 440 220 376 242 874 241 961 267 1285 180 162 26.8 1437
2001 221 485 219 206 242 86 241 917 267 1186 180 167 26.8 1443
2002 221 522 220 367 242 928 242 1003 269 1462 179 157 268 1519
2003 221 547 220 435 242 915 242 1054 26.7 1415 180 170 269 1664
2004 221 551 220 473 242 944 242 1032 268 1445 180 191 269 1717
2005 221 546 220 470 242 987 242 1021 268 1470 183 201 26.8 1676
2006 221 567 220 483 242 1015 242 1019 268 1517 180 218 268 1667
2007 220 476 221 503 243 1100 242 1030 269 1698 180 213 269 1682
2008 221 526 220 423 242 1067 241 979 268 1628 180 197 268 1641
2009 221 534 221 485 242 1032 242 983 268 1561 180 223 268 1629
2010 221 540 221 546 243 1138 242 1094 269 1645 180 254 26.7 1426
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Fig. 5- C sequestration related to young residuals in different regions under 20 years period (1991-2010)
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Table 4- Long terms average of temperature, precipitation, C sequestration related to young residuals and CO, emission in
various climates
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Fig. 6- Trend of C sequestration of old and total residuals for current and prior years
(A, B, C and D indicate the Khazari, Warm-dry, Cold and Warm-wet climates, respectively.)
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Fig. 8- Linear relationship between CO, emission with temperature (°C) (A) and precipitation (mm) (B)
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Table 5- CO, emission (kg.ha™) of young residuals for different crops in different years

Jlw S ® Er )l iy 2953 4y
Year Wheat Barely Rice Maize Alfalfa Chickpea Cotton
1991 1455 110.3 268.9 302.3 413.2 57.0 465.9
1992 167.7 167.0 253.7 135.3 1587.5 93.6 484.8
1993 165.9 168.0 402.7 2875 129.1 70.4 480.1
1994 167.9 166.3 318.4 208.2 292.8 715 528.6
1995 184.5 162.3 341.8 197.2 528.8 69.6 554.4
1996 193.2 156.6 429.3 3915 802.4 85.5 530.7
1997 272.0 168.5 358.5 339.2 359.3 79.2 502.3
1998 162.1 192.9 409.8 294.4 436.1 70.5 576.3
1999 130.3 75.4 355.2 3535 358.0 49.3 592.7
2000 163.3 100.4 316.8 392.2 462.9 40.1 565.9
2001 242.8 18.7 272.0 305.1 316.1 69.0 542.7
2002 245.2 255.5 465.5 410.6 895.1 42.2 641.5
2003 236.5 2375 441.0 307.3 481.7 75.7 790.2
2004 211.6 2143 342.2 367.4 585.3 95.1 696.9
2005 197.0 163.8 354.9 3945 597.4 85.3 563.3
2006 239.3 184.3 366.3 3794 645.6 102.9 593.7
2007 64.8 200.8 386.2 483.9 892.4 77.6 630.0
2008 253.0 46.5 292.6 324.8 565.5 62.0 548.1
2009 203.9 242.0 362.5 306.3 529.7 128.6 570.0
2010 198.7 261.3 551.2 512.0 733.2 150.3 259.3
N 192.3 164.6 364.5 334.6 580.6 78.8 555.9

Mean
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Fig. 9- Linear relation between C input to soil and CO, emission to atmosphere
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Introduction

Carbon sequestration is one of the most important approaches to reduce CO, concentration in the atmosphere.
Increase of CO, in the atmosphere has prompted renewed interest in increasing the stocks of carbon (C) in the
world’s croplands to mitigate climate change and also improve soil quality. To better characterize, predict and
manage soil C dynamics, more precise and accurate estimates of C inputs to the soil is required. The C fixed in
plants by photosynthesis and added to the soil as above- and below-ground litter, is the primary source of C in
ecosystems (Warembourg & Paul, 1977). Predicting the changes in C stocks (notably in soils), therefore,
depends on reliable estimates of net primary productivity (NPP) and the proportion of the NPP returned to the
soil (Paustian et al., 1997). The annual NPP in agroecosystems, and the distribution of C in plant parts, is usually
calculated from agricultural yield, the plant component most often measured.

For carbon sequestration estimation, it is necessary to evaluate the effects of management practices on soil
organic carbon (SOC) dynamics in a wide range of production systems and climatic zones. Soil organic carbon is
essential for maintaining fertility, water retention, and plant production in terrestrial ecosystems. The amount of
SOC stored within an ecosystem, depends on the quantity and quality of organic matter returned to the soil
matrix, the soils ability to retain organic carbon (a function of texture and cation exchange capacity), and biotic
influences of both temperature and precipitation. The abiotic influences on SOC dynamics, such as moisture,
temperature, aeration and the composition of plant residues are reasonably well understood.

The objective of this study was to evaluate the amount of carbon sequestration by agro-ecosystems and also
the amount of CO, emitted from agro-ecosystems in Iran.

Material and methods

The amount of carbon input for seven main crops including cereal (wheat, barley, rice and maize), forage
crops (alfalfa), industrial crops (cotton) and legume (chickpea) were calculated in different climate types of Iran
and finally, the amount of carbon sequestration and CO, emission for different crops were estimated. Plant C
allometric functions developed for the crops together with The Introductory C Balance Model (ICBM; Andrén
and Katterer, 1997) to describe SOC dynamics for the cropping systems were employed in this study. The model
has two compartments, called Young and Old soil C, and five parameters: i, re, h, ky and ko. Annual inputs of
soil C to topsoil from crop and manure are summarized in i. The parameter r. (decomposer activity factor, see
above) is multiplied by ky and ko, respectively, to determine the actual decomposition rates of the young and old
pools for a given year. Parameter h, the humification coefficient, determines the fraction of the input that goes
through Young and into Old (humus, or refractory component), and is about 0.1 for most agricultural crops and
about 0.3 for manure. Then we adapted the ICBM soil climate and decomposer activity parameter (r¢) to account
for the major effects of managing and climatically parameters. The r. parameter usually is calculated from sub-
parameters based on climate, soil type, crop type, intensity of cultivation and so on.

Results and discussion
The average of carbon input during 20 years showed that the warm-dry climate had the highest carbon input
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and cold climate had the lowest amount. The highest carbon input fluctuation was obtained in cold climate by
29.13% per year and the lowest fluctuation was related to warm-dry climate by 8.82% per year. Trend of carbon
input changes among different crops illustrated that the highest carbon input was gained by alfalfa and cotton
and the lowest was for chickpea. Alfalfa and cotton had the highest sequestrated carbon to the soil in all years
and the lowest was observed in chickpea. The highest and lowest carbon sequestration was related to warm-dry
and warm-wet climate, respectively. The highest amount of CO, emission was observed in warm-wet climate
(450 kg.ha™.year™) as average of 20 years and the lowest was gained in cold climate (125 kg.ha™.year™). The
results showed that the average of CO, emission in 20 years was 580 kg carbon for alfalfa which had the highest
amount and chickpea had the lowest CO, emission (78.8 kgc.ha™). A significant relation was observed between
CO, emission with carbon input to the soil and also with temperature.

Conclusion

In essence, it was shown that by increasing the temperature and decreasing the humidity of regions, the value
of carbon input was reduced. Among the study crops, alfalfa and cotton had the highest sequestrated carbon to
the soil. The highest and the lowest amount of CO, emission was related to warm-wet and cold climate,
respectively.

Keywords: Carbon dynamic, Climate change, Humification, NPP, Residuals
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