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INTRODUCTION

ABSTRACT- Sugarcane (Saccharum officinarum L.) is a multi-purpose crop, mainly
planted in South-western (SW) parts of Iran. However, the capability of sugarcane farms to
sequestrate carbon into soil and plant is not well documented. In this research, the carbon
sequestration in sugarcane plant and soil in a ratooning traditional cultivation system at the
Amirkabir Sugarcane Agro-Industry Complex in Khuzestan Province was evaluated during
2013-2014. The soil samples were randomly collected at 0-30 cm top layer and soil
organic carbon (SOC) was analysed in laboratory. Simultaneously, both aboveground and
underground parts of sugarcane plants were sampled and the carbon content of each part
was measured separately. The carbon stored in the aboveground parts (leaves and shoots)
was significantly (p<0.01) higher (1292 kg ha™') than that (655 kg ha™") of underground
organs (roots). The total SOC (1987.3 kg ha™) was not considerably higher than the
sequestrated carbon (1947 kg ha™) in plant parts. Furthermore, a positive and significant
correlation was found between SOC and soil clay content. Overall, 3934.5 kg ha™
sequestrated carbon equal to 14439.6 kg ha™ atmospheric CO, was estimated to be in
sugarcane farms. In conclusion, the results showed that the Ratoon I has the highest
potential of carbon sequestration than other treatments. Current sugarcane farming
practices in Khuzestan could act as an important pool for carbon sequestration and
consequently enhancing the mitigation of climate change impacts. It seems that changing
the current sugarcane traditional harvesting system which is predominantly based on
burning the residues towards the suitable management could enhance the capability of
carbon sequestration even more.

The leading cause of climate change is the growing
concentration of greenhouse gasses (GHGs), including
carbon dioxide (CO,;) mainly emitted from human
unsustainable activities (D’Alessandro et al., 2010). As
Intergovernmental Panel on Climate Change (IPCC,
2015) reported, the earth surface temperature is
expected to rise by 1.4 °C to 5.8 °C at the end of the
century as a result of GHGs emission. In order to
stabilize the global temperature, the anthropogenic CO,
has to be mitigated to a significant level (Davis et al.,
2010) and the surplus atmospheric CO, in plants, soil
and the oceans has to be sunk. One of the sustainable
approaches might be enhancing the CO, capture by
extending natural vegetation and sustainable farming
practices (Scharlemann et al., 2014; Falloon et al., 2009;
Sadeghi and Raeini, 2016). Cropland soils as important
carbon sinks (Buyanovsky and Wagner, 1998; Nadeu et
al., 2015) play a potentially significant role in
atmospheric carbon reduction (Lal, 2001; D’ Alessandro
et al., 2010).

Sugarcane is a perennial grass cultivated economically
and commercially in over 90 countries with widespread
global area of approximately 26x10° ha and worldwide
harvest of 1.83 billion tones (Anaya and Huber-
Sannwald, 2015; FAOSTAT, 2016). Sugarcane is
mainly used for sugar production. It is also used for
livestock feeding and producing ethanol as a biofuel
(Goldemberg, 2007). However, in many countries in an
unsustainable conventional management, the leaves and
trashes of this crop are burned to facilitate harvesting
(Anaya and Huber-Sannwald, 2015). This leads the
emission of GHGs, particularly CO,. Burning leaves
and litters also releases soot and charcoal to the
atmosphere causing health problems (Cancado et al.,
2006; Galdos et al., 2009).

Previous studies have indicated that leaving
sugarcane leaves and trashes on soil instead of burning
them improves physical, chemical and biological
characteristics of soil (Meier et al., 2006).
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Leaving the sugarcane residues on the soil improves
soil biological activity (Singh and Sharma, 1991; Yadav
et al., 1994), decreases soil bulk density (Tominaga et
al.,, 2002), enhances soil aggregation stability and
infiltration rate (Graham et al., 2002; Galdos et al.,
2009) and reduces gas emissions compared to the
traditional burning harvesting system. For example, a
farm with burned residues had 30% lower carbon
content particulate organic matter and microbial
biomass carbon than those of a farm where the trashes
and residues were left on the soil. It was reported in
Brazil that the total carbon stocks were also greater in
unburned treatments (Galdos et al., 2009; Cerri et al.,
2011). A survey in Brazil also showed that leaving the
sugarcane residue biomasses in soil returned a
remarkable organic matter compared to the soils where
the sugarcane residues were burned (de Figueiredo et
al., 2010). On the other hand, heavy sugarcane
biomasses in above and underground parts of the soils
could act as important pools for carbon sequestration
and consequently enhancing the mitigation of climate
change impacts. However, there is not much research
carried out on the capability of carbon sequestration in
sugarcane farms in Iran. This study therefore was
conducted to examine the status of carbon sequestration
in sugarcane farmlands in South-western parts of Iran.

MATERIALS AND METHODS

Experimental Site

The experiment was conducted at the Amirkabir
Sugarcane Agro-Industry Complex (ASAIC), (N 31°
01°, E 48° 17, 7 m abs) in Khuzestan Province, Iran.
The total area of sugarcane cultivation was about 8890
ha in a flat plain managed with plant and ratooning
cultivation system. The site climate was classified as
BWh according to Képpen-Geiger system (Kottek et al.,
2006) with mean annual precipitation of 213 mm, and
mean annual temperature of 24.9 C°. The soil texture
was clay-loam and loam, with alluvial origin. The mean
soil pH and electrical conductivity (EC) at top 30 cm
was 7.4 and 2.75 dSm™, respectively with bulk density
(BD) of 1.63 g cm™. The experiment was conducted
based on a completely randomized design with five
treatments and three replications (see below).

Soil Sampling and Laboratory Analysis

Soil samples were taken randomly from 0-30 cm depth
with three replications, using a hand soil auger (diameter
60 mm) in each of the five treatments, namely planted cane
(PC), ratoon-I (R-I), ratoon-II (R-II), ratoon-III (R-IIT) and
ratoon-IV (R-IV), respectively. The first cultivation stage
started in August of the first year until the next October at
the second year that was the first harvesting stage in
sugarcane farms (Plant cane, PC). After harvesting in
October, the plants reproduced sprouts and grew between
10 to 12 months that was the suitable time for harvesting
(Ratoon-I). The second to fifth harvesting stages were

known as the Ratoon-II to Ratoon IV. The air-dried soil
samples were sieved through a 2-mm screen and prepared
for analysis in the soil laboratory of ASAIC. Soil texture
was determined using the hydrometer method (Bouyoucos,
1962). Soil pH was determined using an electric pH meter
(Page et al., 1982) and electrical conductivity (EC) was
determined from a 1:1 soil-water suspension using an
electric conductivity meter (Carter, 2008). Soil bulk
density was determined using a core sampler of 8§ cm
diameter and soil organic carbon (SOC) was measured
using Walkley-Black method (Nosetto et al., 2006).

Plant Sampling and Laboratory Analysis

Five plant samples were taken from the five treatments
randomly, each within an area of 1 m’ before the
harvesting time at the end of the growth stage at each
treatment The plant samples were weighted immediately to
estimate the ground biomass. The leaves and stems were
subsequently separated and dried in an oven at 85 °C for
48 hrs, and then re-weighted. The plant underground parts
including roots and basal parts were also sampled within
the depth of 0-50 cm and dried in an oven and then
weighted accordingly. In order to determine plant organic
carbon, the leaves, stems and roots were hammer-milled to
pass through a 0.5 mm sieve mesh. The carbon content was
then determined using a CHN analyzer (Flash EA 1112
series, Thermo Finnigan model), and the mean values were
utilized using the statistical analysis in a completely
randomized design experiment.

Statistical analysis was carried out using the ANOVA
procedure, and significant differences between the means
were determined by Duncan’s multiple range tests with P-
value of 0.05 and 0.01 as significant levels, using SPSS
program version 19.0 (IBM Corp. 2010). Correlation
coefficients were calculated by Minitab software version
16.1 (Minitab 16 Statistical Software, 2010).

RESULTS AND DISCUSSION

Soil Properties and Carbon Storage

The results showed that, some soil physical properties,
including sand, silt and BD were significantly different in
different cultivation systems. The soil chemical properties
including EC and pH, were significantly different (Table
1). The results of ANOVA showed that different
cultivation systems had a considerable effect on SOC
storage (Table 1).

The highest soil sand content (66.83%) was obtained in
Ratoon IV treatment. Inversely, the silt content of 13% in
Ratoon IV treatment was significantly different from those
of other treatments (Table 2). However, there was no
difference in soil clay content between the experimental
sites. The soil EC in planted cane treatment (5.89 dSm'l)
was much higher (nearly three times) than that of the EC of
the samples taken from other treatments of R-1 (1.72), R-II
(1.76), R-IIT (1.84) and R-IV (1.94), respectively.
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Table 1. Results of ANOVA showing the effect of the cultivation system (PC, R-I, R-II, R-III and R-IV) on soil properties

Mean square

Source of Degree of Sand Silt Clay EC pH BD SOC
variation freedom (%) (%) (%) (dSm™) (gem™) (%)
Treatment' 4 571.06" 468207 45.12™ 9.49™ 0.34" 0.05" 0.046"
Error 10 21.66 40.62 28.81 0.57 0.01 0. 003 0.001

+SE? 3.45 3.29 1.49 0.43 0.07 0.03 0.03

"Treatments: PC, R-I, R-II, R-III and R-IV; 2 Standard error; ns: non-significant; MSigniﬁcant at (p<0.01).

Table 2. Mean comparison of the effect of different cultivation systems (PC, R-1, R-II, R-IIT and R-IV) on soil properties and

SOC storage.
Soil properties (Mean+SD')
Trt? Sand (%) Silt (%) Clay(%) EC(dSm™) | pH BD(g cm™) SOC (%)
PC 35.50°%+2.00 41.00°+2.00 23.5%£0.01 5.89%+1.00 7.81%+0.09 1.70%£0.01 0.27%£0.02
R-1 37.83%40.57 43.75+6.80 18.42%46.23 1.72°+0.05 7.47°+0.10 1.71%40.02 0.18°+0.04
R-1I 36.16°+4.61 40.00%+2.78 23.84%43.01 1.76°+0.22 7.37%°+0.14 1.40°£0.04 0.43°+0.02
R-III 34.83%+6.42 36.66°+9.64 28.50°+3.27 1.84°+£0.41 7.14°+0.15 1.67%£0.04 0.54°+0.01
R-IV 66.83%6.42 13.00°+7.21 20.17°49.23 1.94°4£0.18 7.21%+0.23 1.67°+0.03 0.34%£0.03

'SD: Standard deviation; “Treatment; Means followed by the similar letters within one column do not differ significantly

(Duncan 1%).

This might be due to salt leaching in top layers during
different cultivation years. Soil pH value showed 7.14,
7.21, 7.37, 7.47 and 7.81 which belonged to R-III, R-IV,
R-II, R-I and PC treatments, respectively (Table 2). The
comparison of soil BD in different treatments indicated
that the lowest (1.40 gem™) and the highest (1.71 gem™
values of BD belonged to the R-II and R-I treatments,
respectively. The organic carbon of the soil was
significantly different with the lowest value of 0.18% in R-
I and the highest value of 0.54% in R-IV treatment (Table
2).

Plant Carbon Storage

The carbon stocks in different sugarcane plant parts,
including roots, shoots and leaves were significantly
(p<0.01) different (Table 3). The highest amount of
carbon stock was found in leaves (877.0 kg ha™) and
roots (655.3 kg ha™) while the carbon stock in shoots
demonstrated the lowest value of 414.7 kg ha' showing
that 11% and 24% more carbons were stored in the
leaves compared to the roots and shoots (Table 4).

Table 3. Results of ANOVA showing the effect of sugarcane
organs on carbon sequestration

Source of variation =~ Degree of Mean square (kg
freedom ha™)

Sugarcane organs 2 267347.89"

Error 12 974.99

CV(%)! 451

! Coefficient of variation; **Significant at (p<0.01)

Means followed by similar letters within one column do
not differ significantly (Duncan 1%) The total carbon
storage in sugarcane biomass including aboveground
parts (shoots and leaves) and belowground part (roots)

in different cultivation systems was
different at 1% probability level (Table 5).

The highest and the lowest root carbon stock of
cultivation systems belonged to R-I (937.61 kg ha™) and
R-IV (433.93 kg ha™), respectively. The stored carbon
in shoots of R-I cultivation system (698.09 kg ha™') was
the highest compared to that in other cultivation
systems. The carbon stored in leaves of R-I cultivation
system (1157.31 kg ha™) and in PC cultivation system
(538.53 kg ha'l) indicated the highest and the lowest
values compared to the other cultivation systems (Table
6).

significantly

Table 4. Mean comparison of the effect of different sugarcane
organs on stored carbon

Sugarcane organs Stored carbon+SD (kg ha™)

Roots 655.37°+24 .4
Shoots 414.74°£22.5
Leaves 877.08°+42.5

Table 5. Results of ANOVA showing the effect of the
cultivation system on carbon sequestration

Mean square

Source of Degree of Roots Shoots Leaves
variation  freedom (kgha') (kghal) (kg ha™)

64021.61" 386757.21" 529192.38™
Error 8 556.55 111.47 30192.96
CV(%)? 3.7 2.47 7.38

Treatment! 4

Treatments: PC, R-1, R-II, R-III and R-1V; 2 Coefficient of
variation; ~Significant at (p<0.01).

Overall, the stored carbon (2793 kg ha™) in plants
cultivated in R-I cultivation system was about twice as
much as that in the plants in PC cultivation system and
1.4 times as much as that in the plants of the other
cultivation systems (Table 6). In total, the stored carbon
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(2793 kgha) in plants cultivated in R-I was about
203.2% more than that in the plants in PC cultivation
system (13740 kgha’l) and 140% to 150% more than
that in the plants of the other cultivation systems (Table

6). The highest amount of carbon sequestration in leaves
belongs to the Ratoon-1V with 53.97% (Table 6).

There was a positive and significant correlation
between SOC and clay content while the sand content
and BD showed a significant and negative correlation
with SOC (Table 7).

In general, the estimated carbon stored in sugarcane
organs was 1947.2 kg ha™' while the estimated carbon
stored in the soil was 1987.3 kg ha” (Table 8). The
equivalent sequestrated carbons (CO,) in sugarcane
organs and in the soil (using a coefficient of 3.67 as
IPCC, 1996 recommended) were 7146.2 and 7293.4 kg
ha”, respectively. This made a total estimation of
14436.6 kg ha™ CO, sequestration by both plant and soil
in sugarcane farming system in the study area (Table 8).

The total carbon storage in various cultivation
systems was notably different in this study. Soil organic
carbon is affected directly by the farm management
practices such as crop type, manure application, tillage
intensities, irrigation efficiency, harvesting approaches
and the life period of crop plants (West and Marland,
2002; Freibauer et al., 2004; Smith, 2004). It has been
reported that soil texture and in particular clay content
have a key role in capability of soil carbon sequestration
(Reeder and Schuman, 2002). The results of this
research confirmed that R-III cultivation system with
higher clay content (28.5%) compared to other
cultivation systems tested in this study showed more
carbon storage (36%) than other treatments. This is
consistent with the results reported by Ghanbarian et al.

(2015) and Sadeghi and Raeini (2016) in Iran and Li et
al. (2010) in China.

However, according to another research, soil BD and
sand content had negative effects on soil carbon storage
(Suman et al., 2009). The R-II and R-IV treatments
demonstrated approximately similar soil properties,
except for BD and sand content; Accordingly, a
negative correlation was found between soil BD and
sand content with SOC values (Tables 2 and 7). The
results revealed that R-II treatment with lower soil BD
and higher sand content compared to other treatments
had a higher capability (9%) to sequestrate carbon
(Tables 2 and 7). This result is in agreement with the
results of a study conducted by Suman et al. (2009) who
reported that reduction in soil BD would lead to
increase in SOC of sugarcane farms. It seems that the
differences in chemical and physical properties of soil in
different cultivation systems as outlined above might
have caused the considerable differences in soil organic
carbon content.

The results of this study also indicated that

sugarcane leaves and roots had higher carbon storage
than shoots (Tables 4 and 6). Several studies have found
that perennial plants with woody organs had higher
potential to reserve the organic carbon compared to
annual plants (Gao et al., 2007; Ghanbarian et al., 2015;
Sadeghi and Raeini, 2016). Overall, 1292 kg ha™ (66%))
carbon storage belonged to the aboveground plant
organs and 655 kg ha” (34%) belonged to the roots
(Tables 4 and 6) of sugarcane showing that the
considerable carbon storage capability of sugarcane
(Table 6 and 8).

Table 6. Carbon storage of sugarcane organs in different cultivation systems (PC, R-I, R-II, R-III and R-1V)

Stored carbon (Mean+SD')

Roots Shoots Leaves Total
Treatment (kg ha™") (%) (kg ha™") (%) (kg ha™) (%) (kg ha™)
Planted cane 615.34°+7 44.78 220.40°+3 16.04 538.53%+39 39.19 1374.27
Ratoon-I 937.61% +14 33.57 698.09%+7 24.99 1157.31%+85 41.44 2793.01
Ratoon-1I 594.79+6 32.65 430.05°+4 23.61 796.76°+59 43.74 1821.60
Ratoon-1II 701.96°+8 36.11 320.44%+3 16.48 921.50°+68 47.40 1943.90
Ratoon-IV 433.93%5 23.98 399.15%2 22.05 976.81°+72 53.97 1809.89
Means followed by similar letters within one column do not differ significantly (Duncan 1%).
Table 7. Correlation coefficients among different soil properties and SOC%
Sand (%) Silt (%) Clay (%) EC(dSm'") pH BD (gem™)  SOC (%)
Sand (%) 1.000
Silt (%) -0.903" 1.000
Clay (%) -0.319™ -0.119™ 1.000
EC (dSm™) 0.233™ 0.635" 0.137™ 1.000
pH -0.382™ 0.739" -0.210™ 0.664" 1.000
BD (gem™)  0.187™ 0.091™ -0.231™ 0.352"™ 0.112" 1.000
SOC (%) -0.641" 0.342™ 07117 -0.106™ -0.234"™ -0.532" 1.000

**Significant at (p<0.01); “significant at (p<0.05), ns: non-significant;
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Table 8. Carbon sequestration and equal to CO, in plant organs and soil in sugarcane farm

Stored carbon (kg ha™")

CO, equal (kg ha')

Roots Shoots  Leaves Soil

Mean

Total (Soil and Plant)

Plant (All organs)  Soil Total (Soil and Plant)

655.37 414.74 877.08 1987.3 39345

7146.2 72934 14439.6

* Assuming 1 t of stored carbon is equal to 3.67 t CO, in atmosphere , multiplication factor 3.67 was used to estimate CO,

equivalent according to IPCC (1996); Bikila et al. (2016).

Previous research showed that this carbon remains in
field between 3 to 6 years before re-plantation (Chandra
et al. 2008; Galdos et al., 2009; Suman et al., 2009;
Cerri et al., 2011). However, these results are not in
agreement with those of Jafarian and Tayefeh (2013)
who reported higher carbon sequestration in spikes and
shoots and lower carbon content in leaves and roots of
wheat (Triticum aestivum) in Kiasar, Iran. This could be
attributed to the fact that wheat is an annual herbaceous
crop compared to sugarcane which develops woody
structural tissues.

Generally, the results of this study indicated that
sequestration of carbon in sugarcane farms was 1947.2
and 1987.3 kg ha in plant and soil, respectively which
was equal to 7146.2 and 7293.4 kg ha''y" CO, in plant
and soil, respectively. In other words, the plant and soil
systems in sugarcane farmland were capable of
sequestrating 14439.6 kg ha™' of atmospheric CO, per
year. Burning sugarcane residues is a communal
practice in the region. A recent research study on
sugarcane conducted in the same region indicated that
on average, 7200 kg ha'of CO, was released to the
atmosphere due to the traditional agricultural practices
(Sefeedpari et al., 2014). This is nearly half of the total
sequestrated carbon in the same area of a sugarcane
field which estimated in this study (Table 8).

CONCLUSION

The present study revealed that sugarcane is a
substantial carbon pool in south-west (Khuzestan) of
Iran. Traditional agricultural practices, especially

REFERENCES

Anaya, C.A., & Huber-Sannwald, E. (2015). Long-term soil
organic carbon and nitrogen dynamics after conversion of
tropical forest to traditional sugarcane agriculture in East
Mexico. Soil and Tillage Research, 147:20-29.

Bikila, N.G., Tessema, Z.K., Abule, E.G. (2016). Carbon
sequestration potentials of semi-arid rangelands under
traditional management practices in Borana, Southern
Ethiopia. Agriculture Ecosystemand and Environment,
223 (1): 108-114.

Bouyoucos, G. J. (1962). Hydrometer method improved for
making particle size analyses of soils. Agronomy Journal,
54(5), 464-465.

burning leaves and trashes may contribute to releasing
GHGs to the atmosphere in addition to enhancing soil
organic carbon loss and air pollution. In ratoon crop
system with green harvesting as a result of high biomass
accumulation, the crop residues could remain on top soil
layer for several years which would help to protect the
soil against wind and water erosion, promote soil and
crop productivity, reduce water loss and reinforce
carbon storage in sugarcane fields. Overall, the results
of this study showed a promising effect of sugarcane
cultivation on carbon sequestration. However, to ensure
the validation of such a claim, it is recommended that
this study be continued over one full cycle of sugarcane
cultivation. It would be worth evaluating and comparing
green and burn-harvesting systems with respect to their
capability to sequestrate carbon. The objective would be
to encourage farmers to change their management
procedures  towards environmentally  friendly
agricultural activities.

ACKNOWLEDGEMENT

The sincere assistant of all members in the soil
laboratory and the farmlands of Amirkabir Sugarcane
Agro-Industry Complex (ASAIC) is highly appreciated.
We would like also to thank Dr. Hassan Hamdi for his
effective collaboration during this study.

CONFLICT OF INTEREST

The authors declare that they have no conflict of
interest.

Buyanovsky, G.A., & Wagner, G.H. (1998). Carbon cycling in
cultivated land and its global significance. Global Change
Biology. 4 (2),131-141.

Cancado, J.E., Saldiva, P.H.,. Pereira, L.A., Lara, L.B.,
Artaxo, P., Martinelli, L.A., Arbex, M.A., Zanobetti, A., &
Braga. A.L.F. (2006). The impact of sugar cane-burning
emissions on the respiratory system of children and the
elderly. Environmental Health Perspectives, 114 (1), 725-
729.

51



Azizi et al. / Iran Agricultural Research (2019) 38(2) 47-54

Carter, M.R. (2008). Soil sampling and methods of analysis.
CRC Press.

Cerri, C.C., Galdos, M.V., Maia, S.M.F., Bernoux, M., Feigl,
B.J., Powlson, D., & Cerri, C.E.P. (2011). Effect of
sugarcane harvesting systems on soil carbon stocks in
Brazil: an examination of existing data. European Journal
of Soil Science, 62 (1), 23-28.

Chandra, R., Rana, N. S., Kumar, S., & Panwar, G. S. (2008).
Effects of sugarcane residue and green manure practices in
sugarcane-ratoon-wheat sequence on productivity, soil
fertility and soil biological properties. Archives of
Agronomy and Soil Science, 54(6), 651-664.

D'Alessandro, D. M., Smit, B., & Long, J. R. (2010). Carbon
dioxide capture: prospects for new materials. Angewandte
Chemie International Edition, 49 (35), 6058-6082.

Davis, S. J., Caldeira, K., & Matthews, H. D. (2010). Future
CO2 emissions and climate change from existing energy
infrastructure. Science, 329 (5997), 1330-1333.

De Figueiredo, E. B., Panosso, A. R., Romao, R., & La Scala,
N. (2010). Greenhouse gas emission associated with sugar
production in southern Brazil. Carbon Balance and
Management, 5 (1), 3.

Falloon, P., P. Smith, R. Betts, C.D. Jones, J. Smith, D.
Hemming, & A. Challinor. (2009). Carbon sequestration
and greenhouse gas fluxes from cropland soils—climate
opportunities and threats. In Singh S. N. (ed.) Climate
change and crops (pp.81-111). Berlin Heidelberg:
Springer.

FAOSTAT (2016).Availabale from: http:// faostat3. fao.org/
download/Q/QC/E/.

Freibauer, A., Rounsevell, M. D., Smith, P., & Verhagen, J.
(2004). Carbon sequestration in the agricultural soils of
Europe. Geoderma, 122 (1), 1-23.

Galdos, M. V., Cerri, C. C., & Cerri, C. E. P. (2009). Soil
carbon stocks under burned and unburned sugarcane in
Brazil. Geoderma, 153 (3-4), 347-352.

Gao, Y. H,, Luo, P., Wu, N, Chen, H., & Wang, G. X. (2007).
Grazing intensity impacts on carbon sequestration in an
alpine meadow on the eastern Tibetan Plateau. Research
Journal of Agriculture and Biological Sciences, 3 (6), 642-
647.

Ghanbarian, G., Hassanli, A., & Rajabi, V. (2015). Comparing
potential carbon sequestration of different parts of
mountain almond and grape plants and soil in Fars
province. Journal of Natural Environment, 68 (2): 257-
265.

Goldemberg, J. (2007). Ethanol for a sustainable energy
future. Science, 315 (5813), 808-810.

Graham, M. H., Haynes, R. J., & Meyer, J. H. (2002). Soil
organic matter content and quality: effects of fertilizer
applications, burning and trash retention on a long-term
sugarcane experiment in South Africa. Soil Biology and
Biochemistry, 34 (1), 93-102.

IBM Corp. (2010). IBM SPSS statistics for Windows.Ver.
19.0. Armonk, NY: IBM Corp.

IPCC (Intergovernmental Panel on Climate Change). (1996).
Good practice guidance for land use, land-use change and
forestry. IPCC National Greenhouse Gas Inventories
Programme, Kanagawa, Japan. 12 p. [http://www.ipcc-
nggip.iges.or.jp/public/gpglulucf/gpglulucf.html].
Accessed at: 12/11/2016.

IPCC, (Intergovernmental Panel on Climate Change). (2015).
Mitigation of climate change. Vol. 3. Cambridge
University Press. 1435 p., [http:/ www. mitigation2014.
org/] Accessed at: 24/05/2017.

Jafarian, Z., & Tayefeh, S.A.L. (2013). Carbon sequestration
potential in dry farmed wheat in Kiasar region. Journal of
Agricultural Sciences, 23(1): 31-41 (In Farsi with English
abstract).

Kottek, M., J.Grieser, C.Beck, B.Rudolf, and F.Rubel. (2006).
World map of the Képpen-Geiger climate classification
updated. Meteorologische Zeitschrif ,15(3):259-263.

Lal, R. (2001). World cropland soils as a source or sink for
atmospheric carbon. Advances in Agronomy. 71, 145-191.

Li, Y.L, L. Wang, W.Q. Zhang, S.P. Zhang, H.L. Wang, X.H.
Fu, and Y.Q.Le. (2010). Variability of soil carbon
sequestration capability and microbial activity of different
systems of salt marsh soils at Chongming Dongtan.
Ecological Engineering, 36 (12): 1754-1760.

Meier, E. A., Thorburn, P. J., Wegener, M. K., & Basford, K.
E. (2006). The availability of nitrogen from sugarcane
trash on contrasting soils in the wet tropics of North
Queensland. Nutrient Cycling in Agroecosystems, 75 (1-
3), 101-114.

Minitab 16 Statistical Software. (2010). Minitab computer
sofiware. State College. PA: Minitab, Inc.

Nadeu, E., Gobin, A., Fiener, P., Van Wesemael, B., & Van
Oost, K. (2015). Modelling the impact of agricultural
management on soil carbon stocks at the regional scale:
the role of lateral fluxes. Global Change Biology, 21 (8),
3181-3192.

Nosetto, M. D., Jobbagy, E. G., & Paruelo, J. M. (2006).
Carbon sequestration in semi-arid rangelands: comparison
of Pinus ponderosa plantations and grazing exclusion in
NW Patagonia. Journal of Arid Environments, 67 (1), 142-
156.

Page, A.L., Miller, R.H. & Keeney. D.R. (1982). Methods of
soil analysis. Part 2: Chemical and microbiological
properties. American Society of Agronomy. Madison, WL

Reeder, J.D., & Schuman, G.E. (2002). Influence of livestock
grazing on C sequestration in semi-arid mixed-grass and
short-grass rangelands. Environmental Pollution, 116 (3),
457-463.

Sadeghi, H., & Raeini, M. G. N. (2016). Capability
investigation of carbon sequestration in Artemisia aucheri
Bioss. International Journal of Environmental Science
and Technology, 13 (1), 159-164.

Scharlemann, J. P., Tanner, E. V., Hiederer, R., & Kapos, V.
(2014). Global soil carbon: understanding and managing
the largest terrestrial carbon pool. Carbon Management, 5
(1), 81-91.

Sefeedpari, P., Shokoohi, Z., & Behzadifar, Y. (2014). Energy
use and carbon dioxide emission analysis in sugarcane
farms: a survey on Haft-Tappeh Sugarcane Agro-
Industrial Company in Iran. Journal of Cleaner
Production, 83, 212-219.

Singh, M., & Sharma, R.K. (1991). Microbial population and
decomposition of surgarcane trash at different relative
humidity. Journal of the Indian Society of Soil Science 39
(1):189-190.

Smith, P. (2004). Carbon sequestration in croplands: the
potential in Europe and the global context. European
Journal of Agronomy, 20(3), 229-236.

Suman, A., Singh, K. P., Singh, P., & Yadav, R. L. (2009).
Carbon input, loss and storage in sub-tropical Indian
Inceptisol under multi-ratooning sugarcane. Soil and
Tillage Research, 104(2), 221-226.

Tominaga, T.T., F.A.M. Cassaro, 0.0.S. Bacchi, K.
Reichardt, J.C.M. Oliveira, and Tominaga, T. T., Cassaro,
F. A. M., Bacchi, O. O. S., Reichardt, K., Oliveira, J. C.
M., & Timm, L. C. (2002). Variability of soil water
content and bulk density in a sugarcane field. Soil
Research, 40 (4), 604-614.

West, T.0., & Marland, G. (2002). A synthesis of carbon
sequestration, carbon emissions, and net carbon flux in
agriculture: comparing tillage practices in the United
States. Agriculture, Ecosystems & Environment, 91 (1-3),
217-232.

52



Azizi et al. / Iran Agricultural Research (2019) 38(2) 47-54

Yadav, R. L., Prasad, S. R., Singh, R., & Srivastava, V. K.
(1994). Recycling sugarcane trash to conserve soil organic
carbon for sustaining yields of successive ratoon crops in
sugarcane. Bioresource Technology, 49 (3), 231-235.

53



OF-FY (VA (1 FAA) Ll c5,5Le8 Sl

v W

Gl alisko Gt )3 Sl 5150 S g ol )0 S w5 20,

Y . Y . * . .. .
o dgommo F Lows O posde ¢ b B olaodé [ g3 5 Lo gl

Ol g 3l s olKails (53,5l 0aSails canns) banma g srls wulie cwdige i
Wl cau¥oT gz Wl ol pands mulie ouSizsls’

Jsias oaiey g

Bgdge CiS Glpl 058 wsx lbcwnd s Goes a5 ol o 9kaie Wiz plS S —euSs
ol )3l 4855 S90S Glagiagh olnl S E)lie 1S e B SbB 350 40 ST
Ohgy & & pliwjes o S CuiS e g)lhe S g ol glaplhl 1o S e Aagh
5 S sladiged yalaie pl 4 .88 (18 b5l e Mgl go Culils g ctS Sisgl, g
Colaa w@nagnl (JT S Gl g el Bolal Ojge 4 (gpe gl -Ye e Y
5 IR e slaelul I ploser &yso ar b et gl 50l ohis (g5 5 il (S Sl
Sogo d B S Ol 5 S8 Ojge 6 pSNged S oS (ads)) (e 9 (Blo
G adls 5 5 5) S mhaw YL isu (0 0dd 0033 ()S aS sls lis bl . Wud e alBlas
Q@ ado)) dwejns leplal i (920.05) 5l xe g0 a4 (VYAYKE ha™ Oliee
Sy b OAVIY kg ha™ liee 4) S 45 00l s o) JS il oo P00 kg ha™ l5e
Bl s siee ST OAFY kg ha e 4) LS cloplail S )3 sid o (08
o ysl o evalie SB oy Gl 5 I 00 o )i 5 Sute (Kot (il 2 odle
el YAPE kg ha™! hiss St g)lye S 5 olS ) o o3 (1,8 Mk a5 sls oLt
Sl b S ysb 4 el Saall jlond iz S ST 3 VEFYAUS kg ha ! Joles o5
5l 1y e i Vool ale e 0 el cam i (S IS (Sdgily CutS e 0 0l
I R e e R e
bl jo sy olonl aS o) oo S5 a4y 00,8 o8l Ol s 31 palS o ge a0 g 08 S
So 4SSy g Sl ashe 50 (LS Ll Gosilise Sle p &S St Jpaze il Ja

oo (b8l e lie cpl )8 e i olles Wilst o alS bl Las Baa byl o s

Ao wleMb|

llio sy )i

WAVES bl s fu b
VANV 2o s o,
(L EVVARYI L SR

s sloojly
Ol el
Syl cuns ailoles
S S oS

54



