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ABSTRACT

Soil organic carbon is the most important attribute and chosen as the most important indicator of soil and environment
quality and agricultural sustainability. Maintaining of soil carbon stocks and other nutrient proved as the most important
challenge of arable lands. It depends on soil type, surrounding climate and long term land use. Studies of various research
reports indicates that agricultural management practice; crop rotation, residue management, reduced tillage, green
manuring and organic matter amendment has identified for its contribution to the improvement of soil organic matter
stocks and some other nutrients. Implementing of reduced or no tillage operation has underlined in increasing organic
carbon stock of the soil through delaying of organic matter decomposition and N mineralization. Long term adoption of
legume based crop rotation notably increases soil organic carbon and N contents, helped with natural gift of atmospheric
nitrogen fixation. Organic sources of fertilizer are reservoirs of plant nutrients and organic carbon, and hence amendment
with adequate and quality manure ultimately enhances the soil nutrients and SOC stocks of the soil. In general, soil and
crop management practices allow the soil to sequester more atmospheric carbon in to the soil. The circumstances
ultimately contribute to agricultural sustainability, environmental and soil quality and mitigation of climate change at large.
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1. Introduction

Soil organic C contents play unquestionably important in sustaining crop production, soil and environmental quality. The
level organic carbon content determines the physical, chemical, and biological properties of the soil. Properties of water
retention, nutrient cycling, and gas flux, and plant root growth is determined by organic carbon of the soil (Lal, 2004).
Organic carbon also acts as a source and sinks for nutrient elements which can form organic moieties (N, P, and S).

Soil organic carbon content in arable lands highly dependent on the existing agricultural practices. Changes in agricultural
practice notably influence the rate of carbon stored or released from soils. According to Allmaras (2003) improved
practices of crop and soil management such as crop rotations, green manuring, crop residue management, reduced tillage
and application of farm yard manure increases soil organic carbon content and other nutrients. Whereas, intensive
cultivation, monoculture and frequent tillage operation can reduce soil SOC content and lead to soil deterioration.

Addition of organic fertilizer improves soil quality (Huang and Sun, 2006) and elicits increasing of organic carbon, ions of
positive change and other chemical characteristics associated with soil fertility. Subsequent annual application of
farmyard manure increased SOC from 1 to 3.4 per cent. According to Huang and Sun (2006) soil carbon sequestration in
Chinese crop lands has increased due to extensive applications of balanced fertilization over the past 20 years. Gregorich
et al. (2001) has also showed how the use of organic manures and compost enhances the SOC pool than application of
the same amount of inorganic fertilizers.

Incorporation of crop residue helps in enhancing the SOC level and some other nutrients. Crop residue cycling are
important sources of nutrients (N, P, and K) and organic carbon (OC) to soils. Juo et al. (1996) reviewed a number of
studies where additions of stover resulted in greater increases in SOC than without stover. The author also concluded
that soil organic C decreased by 75% after 15 years maize cropping with residue removal following forest clearing.

Crop rotation can have a major impact on soil health, due to emerging soil ecological interactions and processes that
occur with time. Appropriate rotation increases soil organic carbon stock of the soil and enabling to increase organic
matter and nutrients or maintaining them at a proper level. According to Covaleda et al. (2006) significant increases in
SOC occurred after 2 years of rotation when combined with high application of cattle manure. The inclusion of cover crops
or green manures in the rotation system can also enhance the efficient use of nutrients by plants, mainly owing to the
increase in soil microbial population and activity (Watson et al., 2002).

In addition, green manures of leguminous and non-leguminous plants usually incorporated in to the soil soon after
flowering to improve soil fertility. Leguminous green manures can fix large quantities of atmospheric N», which non-
leguminous crops cannot (Davies and Lennartsson, 2005). They also provide useful amounts of organic matter to the soil.
Prochézkova et al. (2003) in there 32 years of study showed that winter wheat cropping provide higher average yield, soil
carbon content with green manuring compared with straw incorporation into the soil.

In general, there are many viable crop and soil management practices which play role in carbon sequestration in
agricultural lands. Hence, the objective of the review is to understand some forms of soil and crop management practice
which would enhance the soil organic carbon stock and plant nutrients of the soil.

2.Soil and Crop Management Practice and Soil organic Carbon Stocks

Research studies on different crops, regardless of the climatic condition indicates that tillage operation, residue retention,
manure and crop rotations are frequently verified in improving the soil organic carbon and nutrients content of the soil.

2.1 Effects of tillage operation

Reduced tillage is parts of conservation agricultural management options which enhance soil organic carbon of the soil.
According to (Vanden et al. 2012) Residues retention improves soil structure, better drainage and water holding capacity,
limiting the potential for water logging or drought. In crop lands, reduced tillage is one of the most effective practices for C
sequestration. The use of less intensive tillage methods could reduce the SOC loss (Zikeli, 2013) or contribute to
sequestration of C from the atmosphere. No-till and minimum tillage have been promoted as practices that will reduce the
rate of soil CO, flux (loss) to the atmosphere and increase the rate of soil C sequestration as compared to conventional
tillage (Blevins, 2007). According to (Chivenge et al., 2007) reduced tillage sequester more SOC of 6.8 mg C/g soil in the
sandy soil and 20.4 mg C/g in red clay soil, whereas conventional tillage had the least amount of SOC, with 4.9 mg C/g of
soil and 4.2 mg C /g of soil for the red clay and sandy soils, respectively. Duiker and Lal, (1999) has found large increase
in total carbon is observed in the following 5-10 years of conservation tillage. Sombrero et al. (2010) has confirmed SOC
content was significantly higher with no tillage than conventional tillage. Soil organic carbon has increased by 58% and
11%, respectively at the depth of 0-10 and 10-20 cm after 10 years of management. Huang et.al (2010) showed in his
experiment that no- tillage increased the concentration of total SOC by 18.1% compared with conventional tillage under a
long-term maize cropping system. Kushwaha et al. (2001) found that the values of SOC and total N were highest in the
minimum tillage and residue retained treatment than conventional tillage and residue removed treatment. Changing of
tillage from conventional to minimum and zero conditions along with residue retention increased the proportion of macro
aggregates over 21-42% over control in soil (Kushwaha et al. 2001).

It is widely believed that soil disturbance by tillage was a primary cause of the historical loss of soil organic carbon (SOC)
in arable lands. Substantial SOC sequestration can be accomplished by changing from conventional plowing to less
intensive methods known as conservation tillage. Campbell et al. (2005) evaluates tillage effects on soil C storage and co;
emission After 3 years of tillage practices and concluded that no-tillage with residue and strip-tillage significantly
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increased total soil organic C and mineral fraction C at the 0- 5 and 5- to 10-cm soil depths compared with chisel plow.
Lopize C. et al. (2009) examined the effects of various tillage intensities for 5 years and concluded that SOC and N had
increased under no-tillage and zero-tillage compared with minimum and conventional tillage in the depth of 0—-30 cm. The
author also observed most dramatic changes occurred within 0— 5 cm dePth. Plots under no-tillage and zero-tillage has
7.0 Mg/ ha-* and 6.2 Mg ,ha-* more SOC, respectively and 0.5 Mg/ ha—" and 0.3 Mg/ ha-* more N than under minimum
and conventional tillage (Lopize C. et al. 2009). No-tillage and zero tillage plots, however, exhibited strong vertical
gradients of SOC and N with concentrations decreasing from 0-5 to 20—30 cm.

Dersch and Bohm (2001) come to the conclusion that minimum tillage can result in supplementary carbon storage.
However, the storage of carbon in topsoil results only in a mid-term sequestration. If management practices in the short
term are changed, these carbon amounts might be a source of additional CO, emissions in the future. Moussadek et al.
(2014) has confirmed soil organic matter significantly higher in no-tillage compared to conventional tillage with 10% more
in Vertsols and 8% more in Cambisol, but no significant difference was observed in the Luvisol. Average SOCs within the
0-30 cm depth was 29.35 and 27.36 Mg ha-1 under no-tillage and conventional tillage, respectively. Haiging et.al (2009)
did an experiment with the objective to determine how three different tillage practices affected soil organic carbon (SOC)
and N content of the soil and found shat shallow tillage and no-tillage had 14.2 and 13.7% higher SOC stocks and 14.1
and 3.7% higher total N stocks than conventional tillage in the upper 15 cm. depth, respectively.

Hou R.et.al. (2012) determines the effects of different tillage and residue managements on winter wheat. After six yrs of
observation, no-tillage with residue retention sequestered more SOC and total N in the 0- 5cm depth than conventional
tillage and residue removed. Elcio et al. (2004) has also prove no tillage systems increased total C by 45%, microbial
biomass by 83% at 0-50mm depth over conventional tillage. C and N mineralization increased 74% with no tillage
compared to conventional tillage systems for the 0—200 mm depth. After continuous cultivation of seven consecutive years
reduced tillage and no-tillage led to change in the physical properties of the surface soil layer (0-5 cm). Conservation
tillage systems resulted in a higher water content and lower bulk density in relation to conventional tillage. According to
Matecka et al. (2011) reduced tillage and no tillage favored surface accumulation of organic C and total N in the soil, as
well as that of available K and Mg. Quintero M. et.al (2013) indicated that reduced tillage in potato-based crop rotations
increased the soil C concentration and average C content in the whole profile by 50 and 33%, respectively, as compared
to conventional farming practices.

2.2 Effect of crop residue

Plant residues decomposition transfers organic matter and nutrients to soil, and plays a decisive role in carbon cycling.
Consequently, long-term application of crop residues significantly increased the organic carbon, and total as well as
available N, P and K contents of soil. A considerable number of studies, concerning long-term fertility trials, pointed out
those soil organic material applications increased the organic carbon stock of the soil and other essential elements.
Ogbodo E.N., 2011 has reported that soil organic matter was significantly higher on the soils treated with rice straw and
legume residue than untreated control. He has also reported higher levels of the entire soil chemical properties measured
were detected on the soil treated with the different crop residue than the soil that was not treated with crop residue.
Sommer et al. (2014) have reported the two components of conservation agriculture no-tillage and crop residue a positive
impact on soil fertility. This was measurable by higher soil organic matter (SOM) and microbial biomass contents,
increased levels of extractable phosphate, higher amounts of larger water-stable soil aggregates, increased soil infiltration
capacity and soil water retention. The buildup of SOM and associated carbon (C) sequestration was in the range of 0.29
Mg C/halyr.

According to David et al. (2007) significant amounts of nutrients are removed from the soil/plant system when straw is
removed. Soil organic C content can increase by managing land use practices in which the rates of organic C input
exceed those of organic C mineralization. Yang et al. (2003) indicate that returning above ground crop residues to the soll
from year 2002 to 2022 would increase SOC by 26% for the treatment without fertilization addition, 40% for N treatment,
compared to the levels in the corresponding treatments in 2002. Barthes et al. (2004)lin his 12 years of experimentation,
carbon originating from maize in litter-plus-soil (0--40 cm) represented less than 4% carbon and from overall maize
residue carbon. In contrast, carbon originating from mucuna in litter represented more than 50% of both total carbon and
overall mucuna residue carbon, possibly due to accelerated mineralization of native soil carbon and slow mulch
decomposition.

2.3 Effect of Farm Yard Manure Addition

Maintenance of soil organic matter is important for the long-term productivity of agro ecosystems. Application of organic
wastes rich in organic matter like animal manure, sewage sludge, compost, and other by-products are current
environmental and agricultural practice for maintaining soil organic matter, reclaiming degraded soils and supplying plant
nutrients. According (Gilley and Risse, 2000) long-term manure applications increase the SOC pool of the soil. Li et al.
(2010) has confirmed that long term organic amendments usually enhanced rice yields but the effect depends on the
quantity and quality of the organic amendments, and the inherent nutrient and the SOC levels in soil. Ding X et al., (2012)
has found that application of graded rates of manure from lower to higher level significantly enhanced total SOC, labile C
pools, and recalcitrant C pool as compared with control. The C storage from the top 20cm depth with the rate of 7.5, 15,
and 22 t/ha was increased from 3.19% to 12.5%, 14.5%, and 18.2%, respectively, over the unfertilized control.
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Bouajila, K. and M. Sanaa (2011) did an experiment on the effects of three concentrations (40, 80 and 120 t/ha) of farm
manure and compost made from household wastes and confirmed both organic amendment types increased significantly
the organic carbon and nitrogen contents in a dose-dependent manner. Application of 120 t/ha household wastes and
manure improved an organic carbon (1.74 % and 1.09 %, respectively) when compared with control (0.69 %). The rest of
treatments give intermediate level of soil organic carbon.

Senapati et al. (2010) has confirmed that farm yard manure increased total SOC and slow pool C at 0-0.15 m soil depth
by 6.7 t/ha and 1.5 t/ha, respectively, after seven years of rice-wheat cropping cycles. Eleven-year application of organic
fertilizers increased the organic C content by an average of 3.3 t/ha C to 4.7 t/ha (Cvetkov M et al. 2009) compared to the
organic carbon content in the unfertilized control. Diacono M., Francesco M. (2010) has reviewed, microbial biomass
carbon increased by up to 100% using high-rate compost treatments, and enzymatic activity increased by 30% with sludge
addition. Long-lasting application of organic amendments increased organic carbon by up to 90% versus unfertilized soil,
and up to 100% versus chemical fertilizer treatments. Venecio et al. (2010) has evaluated different organic sources and
confirmed the highest value of nitrogen parentage was recorded when adding compost (0.03%), and the lowest value of
nitrogen was observed in the untreated control (0.01%). The highest value of phosphors and potassium were recorded in
the compost (3.45ppm, 12.78 mg/100g soil), respectively. Compost increased phosphors and potassium percentage
(97.14%, 39.67%) respectively. Organic carbon was range between (0.44%) in the compost treatment and (0.01%) in the
untreated control. The compost treatment gave the highest value of C.E.C 6.71 mg\100g soil); and the lowest value was
recorded in the untreated control (4.33 mg\100g soil) (Table 1)

Table 1 shows the effect of organic fertilizer on soil chemical properties

Treatments Depth N P K 0.C C.EC pH ECe
(cm) % | (ppm) | (mg/100g soil) (mg/100gsoil) (ds/m)

Compost 0-20 0.02 34 12.34 0.44 6.20 7.14 0.62
20-40 | 003 | 48 13.21 0.34 7.22 7.24 0.93
Cattle 0-20 0.01 1.9 10.24 0.24 511 7.32 0.84

] 20-40 | 0.01 2.5 11.36 0.20 6.03 7.41 1.20 |C
Chicken 0-20 [ 002 | 341 11.09 0.31 5.24 7.25 0.81
20-40 | 0.03 3.6 11.75 0.21 6.19 7.40 1.19
Chicken + cattle 0-20 0.02 3.2 12.14 0.36 6.05 7.32 0.74
20-40 | 0.03 3.8 12.86 0.27 7.02 7.72 1.02
Control 0-20 0.01 1.4 8.28 0.01 3.94 7.30 1.41
20-40 | 0.01 1.8 10.02 0.02 472 717 1.52

Source: Venecio et al. (2010)

Zanenl et al. (2008) has evaluated seven years of amendment and continuous cropping for the effect of organic
amendments on soil physical, chemical and biological properties. Changes in soil carbon, nitrogen mineralization has
recorded in plants due to different in organic amendments. According to Hepperly et al. (2009) Compost was superior to
conventional synthetic fertilizer and raw dairy manure in building soil nutrient levels. Ginting et al. (2003), has found the
residual effect of compost and manure after 4 years of application. Residual effects resulted in 20 to 40% higher soil
microbial biomass C compared with unfertilized control.

Ghosh S et al. (2010) identified significant increases in nutrient availability with the application of farm yard manure (7.5
t/ha), paddy straw (10 t/ha) and green manure (8 t/ha). Microbial biomass C and mineralizable C were also increased by
the addition of organic inputs and continuous cultivation. The unfertilized control has significantly depleted total C content
by 39-43% when compared with the addition of organic amendments. There was a significant increase in non-labile C
fraction by the amendments when compared with control. There was a net loss of C by 5.6% due to continuous cultivation
without any amendment and 26.1%, 17.7% and 6.3% of the C applied through farm yard manure, paddy straw and green
manure, respectively.

Upendra M. et al. (2012) study on different organic sources and found that significantly higher cumulative carbon
sequestration potential was recorded in improved (4.06 t/ha), followed by enriched (4.01 t/ha) and vermicompost (3.47
t/ha) treatments than farmer’'s (3.06 t/ha), inorganic (3:2.64 t/ha) and control (1.39 t/ha) treatment. Sandra et al. (2009)
also confirmed that poultry manure had the greatest content of C (organic carbon), N (nitrogen), P (phosphorus), K
(potassium), Ca (calcium) and lower C: N ratio. The manure treatment significantly increased the soil organic matter
contents from 0.46 to 2.8 and 1.1% with poultry and cattle manures, respectively. Upendra M. et al. (2012) also confirmed
that organic fertilizer has significantly increased the cation exchange capacity (CEC) from 1.7 to 12.75 to 10 meq/100 g of
oil and the bases saturation content from 47 to 80 and to 76% respectively with the poultry and cattle manures.

2.4 Effect of Green Manure

Similar to other sources of organic fertilizer, green manure improved the physical, chemical and biological properties of the
soil. Soil organic carbon, N content, soil aggregation, reduced soil bulk density and increased infiltration rate of soil.
Lalalgre et al. (2012) investigate that legume under sowing and straws added up to 4 times more N, 2.8 times more
phosphorus (P) and 2.5 times more potassium (K) returning to the soil. Consequently, red clover, hybrid Lucerne and
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white maillot on pure sows produced the highest biomass, amounts of N, P, and K being up to 206, 124 and 144 kg/ha,
respectively.

The rate of SOM depletion was reduced with the application of green manure. According to Egodaatta,W. (2014)
application of recommended or required amount of green manures, in desired frequencies and appropriate maturity level
of the leaves are key factors in maintaining soil quality. Zubairl et al. (2012) indicates that replenishment of soil organic
matter (SOM) was made with green manure and found that soil organic carbon (OC) and nitrogen (N) contents ranging
from 0.10 to 1.40% and 0.05 to 0.55% was achieved , respectively. Tejada, M. et al (2007) confirmed that incorporation of
52-day-old Sesbania green manure along with crop residues not only counteracted the adverse effects of crop residues
but also improved soil health. Tejada ,M. et al.( 2007) has confirmed that soil enzymatic activities , C, N, P and S, were
highest in Trifolium pratense amended soils, followed by Brassica napus treatments.

2.5 Effect of crop rotation

Crop rotation has many agronomic, economic and environmental benefits compared to monoculture cropping system.
Appropriate crop rotation improves organic matter, soil structure, soil degradation, grain yields and greater farm
profitability in the long run. According to Dhu et al. (2005) soil organic C and total N level increased by taking three crops
or including green manure in the rotation than taking two crops. Microbial biomass C and dehydrogenises activity was
highest in pearl millet- green manure rotation and was lowest in pearl millet-wheat rotation. Ryan et al. (2007) had had
concluded rotation of wheat has significantly influenced mean SOM level, the order being fallow (lowest), the rotation
wheat, lentil, chickpea and vetch (highest). The N content of the soil increased with adoption legume based crop rotation.
According to (Hector J et al., 2000) more diverse rotations of cotton with high-residue-producing crops such as corn,
legume and small grains would sequester greater quantities of soil organic C than continuous cotton. Russell et al. (2005)
has evaluating four cropping systems which include continuous corn (CC); corn—-soybean (CS); corn—corn—oat—alfalfa
(CCOA), and corn—oat-alfalfa—alfalfa (COAA) for their soil organic carbon sequestration. Cropping systems that contained
alfalfa had the highest SOC stocks, whereas the CC system generally had the lowest SOC stocks. The author also
concluded that t the quantity of organic C and N can be maximized by in-creasing duration of crop rotation. Mahdi and
Al.Kaisi (2000) summarizes the long-term impact of different crop rotations on soil carbon content and concluded higher
rate of soil carbon decline under continuous corn compared to corn-oats-clover rotations (Table 2).

Table 2 soil organic carbon content of the soil in response to crop rotation

Rotation Treatment® % Organic C % Organic Matter % C changeb
Corn None 1.74 299 -45.6
MLP 2.09 3.59 -34.7
Corn-Oats Mone 2.14 3.68 -33.1
MLP 2.44 4.20 =236
Corn-Oats-Clover None 2.28 3.92 -28.7
MLP 3.35 5.76 +4.0
Sod None 3.20 5.50 0.0

AMLP = Manure-Lime-Phosphorus
b2, C changes based on sod C value

Mahdi and Al.Kaisi (2000)

Muthoni,j and Jackson (2010) Proper crop rotation might help to conserve soil fertility among small scale potato farmers in
Kenya and found that Percent total nitrogen and organic carbon was adequate with crop rotation. According to (
Gregorichl A.G et al.,2000) the quantity of soil C below the plow layer in legume-based rotation was 40% greater than that
in monoculture and about the same as that under either continuous grass or forest. Blair and Crocker (2000) examined the
effect of different rotations, including legumes and fallows on soil structural stability, unsaturated hydraulic conductivity,
and the concentration of different carbon fractions in a long-term rotation trial and found that the inclusion of legume crops
in the rotation resulted in an increase in liable carbon concentrations compared with continuous wheat or a long fallow
period. AZIZ1 et al. (2011) found that total organic carbon in corn-soya bean- wheat was significantly higher by 14-15%
than corn-soybean and corn —corn, respectively (Table 2). The N content significantly increased (5-19%) under all crop
rotation over time. Saree et al. 2012 evaluated the changes from upland maize to flooded rice cultivation on soil organic
carbon (SOC) and found that, cropping change from maize to flooded rice resulted in an increase in soil bulk density and
SOC content when compared to that of maize-rice rotation and continuous maize. The total SOC after two cropping was
16.50, 20.88 and 19.35 ton C ha-1 in the maize-maize, rice-rice and rice- maize treatments, respectively. Mitchell C.C. and
J.A. Entry (2010) conclude that long-term planting of winter legumes with no other source of N applied resulted in higher
SOC (9.5 g C/ kg y1) in the plow layer (020 cm depth) compared to continuous cotton with no winter cover crops (4.2 g
C/ kg y1).
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