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Abstract 

Understanding of crop residue mineralization is imperative for crop residue management in crop 

production. Carbon (C) and Nitrogen (N) mineralization dynamics of rice and wheat residues under 

surface applied and soil incorporated conditions were evaluated in the review paper. Both rice and wheat 

residues either incorporated or surface applied immobilized soil mineral N. Incorporated residues 

increased soil organic carbon and soil aggregate stability significantly by 18% and 55% over control, 

respectively. This review study indicated that crop residues incorporated into the soil have higher 

decomposition rate with a quicker mineral N release, more organic matter build up and soil structure 

improvement than retaining crop residues at the soil surface. Compost amendment also significantly 

lowered the specific activities of invertase in macro-aggregates and the silt + clay fraction, and this effect 

was more pronounced than the addition of fertilizer NPK. In contrast, inorganic fertilizer and compost 

application significantly increased the specific activities of cellobiohydrolase in soil, macro-aggregates 

and micro-aggregates (but not in the silt + clay fraction), and xylosidase in micro-aggregates. We 

considered that the increase in organic C in compost-amended soil was therefore probably associated 

with the accumulation of lignocellulose and sucrose in macro-aggregates, lignocellulose and hemi-

cellulose in micro-aggregates and lignin (its derivative) and nonstructural carbohydrates in the silt + clay 

fraction.  

Average soil organic carbon (SOC) concentration of the control treatment was 0.54%, which increased to 

0.65% in the RDF treatment and 0.82% in the RDF+FYM treatment and increased enzyme activities, 

which potentially influence soil nutrients dynamics under field condition. Compared to F1 control 

treatment the RDF+FYM treatment sequestered 0.28 Mg C ha-1 yr-1 whereas the NPK treatment 

sequestered 0.13 Mg C ha-1 yr-1. As tillage intensity increased there was a redistribution of SOC in the 

profile, but it occurred only between zero tillage (ZT) and permanent raised beds (PRB) since under 

conventional tillage (CT), SOC stock decreased even below the plow layer. Increased SOC stock in the 

surface 50 kg m-2 under ZT and PRB was compensated by greater SOC stocks in the 50-200 and 200-400 

kg m-2 interval under residue retained, but SOC stocks under CT were consistently lower in the surface 

400 kg m-2. In long term trial, CT lost 0.83 ±0.2 kg of C m-2 while ZT gain 1.98 ±0.3 and PRB gain 0.97 

±0.2 kg of C m-2 in the 1200 kg of soil m-2 profile. 

 

Keywords: aggregate, enzyme activity, organic carbon accumulation, rice-wheat cropping system 

 

Introduction 

Soil is an essential natural resource that provides several important ecosystem functions for 

plant growth and regulation of water flow in the environment. Soil organic carbon (SOC) and 

soil organic matter (SOM), which includes all soil macro biota, plant residues and 

microorganisms and their organic products, play an important role in soil fertility, structure 

and the supply of ecosystem services (Dikgwatlhe et al., 2014) [30]. According to Ito et al. 

(2015) [46] tillage and cropping impacted a range of soil physical and chemical properties. Bai 

et al. (2009) [9] showed that no-tillage (NT) and straw cover decreased mean bulk density (ρd) 

by 0.08 on silt loam soils. Wang et al., (2014) [103] claimed that NT with sub-soiling and straw 

cover reduced rd in the 0–30 cm soil layer, and increased total porosity, water stable 

aggregates and pore size class distribution, and improved infiltration. However, soil 

disturbance associated with tillage and changed organic matter cycling, caused organic matter 

levels in the soil to decline and aggravated off-site transport of N (Lal, 2007) [55]. 

Numerous authors have confirmed that soil fertility declines as organic matter runs down. Less 

organic matter, combined with tillage disturbance, has led to reduced aggregate stability and 
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and increased surface crusting, causing restricted infiltration, 

poor quality of seedbed preparation and inefficient use of 

rainfall. The retention of standing stubble and mulch also 

alleviates soil compaction and there is typically an increase in 

infiltration rates that results in decreased off site movement of 

fertilizers, herbicides and pesticides (Brendan et al., 2010) [20]. 

Riley (2014) [82] found that reduced tillage increased porosity 

at 4–8 cm depth and decreased it slightly at 24–28 cm, altered 

soil moisture-holding capacity and increased aggregate 

stability, and thought that changes in bulk density and total 

porosity were mostly attributable to changes in the 

stratification of SOM. Soil aggregates are important for SOM 

retention and they protect against C oxidization (Haile et al., 

2008). Ochoa et al., (2009) [79] concluded that the increase in 

surface soil water-stable macro-aggregates was related to the 

hydrolysable organic carbon with longer years under no-

tillage which contributed to the buildup of SOM in soil 

macro-aggregates. Huang et al. (2010) [45] concluded that NT 

facilitated soil particle aggregation by stimulating C 

accumulation within micro-aggregates, which acted upon the 

soil to form macro-aggregates. This shift of SOC to within 

micro-aggregates is essential for long-term C sequestration in 

soil. 

Soil aggregates physically protect the organic matter. Organic 

inputs like crop residues, organic manures etc. improve soil 

aggregation and aggregate stability (Bandopadhyay et al., 

2010; Karami et al., 2012; Naresh et al., 2017) [53, 77] and 

could be a possible way to counteract organic matter 

depletion. Organic amendments help in improving the 

formation of macro-aggregates (Bandyopadhyay et al., 2010) 

with a proportionate decrease in micro-aggregates and this 

imply that addition of organics support formation of macro-

aggregates through binding of micro-aggregates (Huang et al., 

2010) [45]. Wang et al. (2014) [103] and Naresh et al. (2016) [75] 

indicated that soil organic matter was significantly greater to 

30 cm in no-tillage with straw cover (NTSC), while total soil 

nitrogen was lower than traditional tillage with straw removal 

(TTSR) treatments. However numerous studies have been 

conducted on the influence of tillage and cropping systems on 

SOM and the relationship between SOM and soil chemical 

and physical properties at singular sites largely over the 

shorter term with limited positive results (Dikgwatlhe et al., 

2014a; Zhang et al., 2014; Naresh et al., 2017) [31, 77]. 

It is known that soil aggregate formation and stabilization are 

linked to SOC dynamics. Organic inputs have significant 

impacts on both the bulk soil and aggregate C contents and 

manures significantly increase C in aggregates (Sui et al., 

2012) [98]. Comparison of SOC content in different WSA sizes 

shows macro-aggregates are the main source of enriched SOC 

fractions (Das et al., 2014) [26]. The C sequestration in soil 

through enhanced aggregation is an important approach of 

judicious soil management to mitigate the increasing 

concentration of atmospheric CO2. Aggregate associated C is 

an important reservoir of soil C, protected from 

mineralization because it is less subjected to physical, 

microbial and enzymatic degradation. Carbon inputs from 

different organics may affect SOC distribution and 

stabilization in soil aggregate size fractions and for 

maintaining productivity of rice-wheat cropping system. The 

present review, therefore, investigated the effect of soil 

carbon and nitrogen mineralization dynamics following 

incorporation and surface application of rice and wheat 

residues on the activities of C-cycle enzymes in soil and 

separated aggregates under long-term compost and inorganic 

fertilizer treatments to understand the relationship between 

organic C content and enzyme activities and to explore the 

processes of organic C accumulation at the aggregate scale on 

a Inceptisol of North Western Gangetic plains of rice-wheat 

rotation.  

 

Aggregation Indices 

Lorenz et al. (2005) also observed that the mean weight 

diameter (MWD) and aggregate stability (AS) of the soil 

aggregates were higher for the RWzt + RWsi treatment than 

for the RWzt + Nsi treatment. From the perspective of a 

farmland ecosystem, zero tillage and straw incorporation 

enable the topsoil to form a complex decomposition sub-

system that simulates the natural ecosystem. This sub-system 

can buffer the impact of external force on the soil mass and 

gather matter and energy in the topsoil under zero tillage, 

where the crop roots are growing. This phenomenon of 

identical distributions can improve the nutrient recycling 

capacity and energy utilization efficiency. Singh et al. (2007) 

found that the MWD was significantly higher in organic-

amended plots as compared to control and NPK treatments. 

The plots receiving NPK+FYM showed the largest MWD 

(1.36 mm) compared to the control plots (0.89 mm). 

Ferreira et al. (2007) found that soil management without 

tillage and with the use of cover crops favored an increase in 

the number of macro-aggregates, which may be due to the 

growth of these plants as they release their root exudates in 

the soil medium, developing links among soil mineral 

particles, favoring the formation and stabilization of 

aggregates in the A horizon. Abid and Lal (2008) [55] observed 

trends indicate that CT disrupted soil macro-aggregates into 

micro-aggregates or individual particles. The MWD was 

significantly affected by tillage treatments, showing a higher 

value under NT than CT. The degree of macro-aggregation in 

this soil was much lower than in most other agricultural 

systems, due primarily to the puddling of soil which tends to 

destroy aggregates. Souza et al. (2009) [94] reported that the 

vigorous root system of perennial forages contributed to the 

formation of aggregates and to improving soil physical 

properties, which could be observed in the aggregates larger 

than 8 mm under the fallow, P. maximum, B. ruziziensis, and 

B. brizantha treatments, especially at the soil depth of 0.00-

0.05 m. Jiang et al. (2011) [49] also observed that the 

proportion of silt + clay sized aggregates (<0.053 mm) 

comprised the greatest fraction of whole soil for CT while the 

aggregates size (<0.25 mm) and silt + clay fraction 

constituted the greatest fraction for RNT.  

Choudhury et al. (2014) [23] reported that compared to 

conventional tillage, water stable macro-aggregates in 

conservation tillage (reduced and zero-tillage) in wheat 

coupled with direct seeded rice (DSR) was increased by 

50.13% and water stable micro-aggregates of the later 

decreased by 10.1% in surface soil. Residue incorporation 

caused a significant increment of 15.65% in total water stable 

aggregates in surface soil (0–15 cm) and 7.53% in sub-surface 

soil (15–30 cm). In surface soil, the maximum (19.2%) and 

minimum (8.9%) proportion of total aggregated carbon was 

retained with >2mm and 0.1–0.05mm size fractions, 

respectively. Mazumdar et al. (2015) reported that the MWD 

was significantly higher in plots receiving 50%NPK+ 50% N 

through FYM in rice (1.36 mm), 100% NPK in wheat or 

50%NPK+ 50% N through CR in rice (1.28 mm), 100% NPK 

in wheat or 50%NPK+ 50% N through GM in rice (1.29), 

100% NPK in wheat (1.18mm) as compared to control (0.89 

mm). Nascente et al., (2015) [78] also found that mean weight 

diameter (MWD) values under fallow (7.591 mm), B. 
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brizantha (8.619 mm), B. ruziziensis (7.372 mm), and P. 

maximum (7.617 mm) were higher than under the fallow plus 

CTS treatment (3.371 mm). The lowest mean geometric 

diameter (MGD) value was under B. ruziziensis (1.112 mm). 

The lowest value of the aggregate stability index (ASI) was 

obtained under fallow plus CTS (74.62 %), which differed 

from all other treatments. 

Kumar et al. (2016) [54] further argued that the proportion of 

macro-aggregates in the size class of 0.25 to >2 mm was 

higher as compared to micro-aggregate in the size class 0.11–

0.25 mm. Among the macro-aggregates, 0.25–0.50 mm 

fraction constituted the greatest proportion followed by 0.5–

1.0, 1.0–2.0, and >2 mm fraction constituted the least 

proportion in both 0–5- and 5–15-cm soil layers under both 

CT and CA practices. Song et al. (2016) [93] reported that zero 

tillage and straw incorporation also increased the mean weight 

diameter and stability of the soil aggregates. In surface soil 

(0–15 cm), the maximum proportion of total aggregated 

carbon was retained with 0.25–0.106 mm aggregates, and 

rice-wheat double-conservation tillage had the greatest ability 

to hold the organic carbon (33.64 g kg−1). However, different 

forms occurred at higher levels in the 15–30 cm soil layer 

under the conventional tillage. 

 

Aggregate Associated Carbon 
Fonte et al. (2012) [37] propose that a massive input of plant 

residues and the avoidance of disturbance under zero tillage 

are the main factors underlying the improved content and 

stability of macro-aggregates in the surface soil layer. 

Coppens et al. (2007) [25] revealed that incorporated rice and 

wheat residues increased soil organic carbon by 18% while 

soil stable macro-aggregates by 50% over un-amended soil. 

Therefore, crop residue incorporation will enhance soil 

organic matter and will improve soil structure. 

Sodhi et al. (2009) [91] observed that long term application of 

organics increased aggregate associated C as compared in all 

aggregate size fractions; the highest increase was observed in 

plots receiving NPK and FYM in combination. Das et al. 

(2014) [26] revealed that incorporation of organic manures 

induces decomposition of organic matter where roots, hyphae 

and polysaccharides bind mineral particles into micro-

aggregates and then these micro-aggregates bind to form C 

rich macro-aggregates. This type of C is physically protected 

within macro-aggregates. 

Wright and Hons, (2005) [100] also report that SOC 

concentrations are similar among aggregate-size fractions 

between NT and CT at 5–15 cm for a sandy loam soil. Madari 

et al. (2005) [61] found that the difference in SOC distribution 

between aggregate-size fractions is greater under cultivation 

than forest, regardless of the tillage system. Impacts of tillage 

on SOC in different size fractions vary greatly because of 

many factors, including climate, soil type, texture, pH and 

dominant mineralogy. Yu et al. (2012) [114] revealed that 

fertilization also significantly increased organic C contents in 

soil, macro-aggregates and the silt + clay fraction, but not in 

micro-aggregates. Compost application significantly reduced 

the specific activities of polyphenol oxidase (activity per unit 

organic C) in soil and three aggregate sizes compared with 

control, whereas fertilization had a much weaker effect. 

Compost amendment also significantly lowered the specific 

activities of invertase in macro-aggregates and the silt + clay 

fraction, and this effect was more pronounced than the 

addition of fertilizer NPK.  

Yu et al. (2012c) [114] suggest that the studied soil would be 

saturated at a quite low level with long-term inorganic 

fertilizer application compared with long-term compost 

application. This was attributed mainly to the fact that 

compost application could improve soil aggregation and 

aggregate-associated organic C whereas inorganic fertilizer 

had no obvious effect. Naresh et al. (2017) revealed that 

averaged over tillage crop residue practices, stocks of SOC in 

1200 kg of soil m-2 (approx. 0-90 cm) decreased by -0.83 ±0.2 

kg m-2 from 14.96 to 14.13 kg m-2 between 2000 and 2016 in 

CT treatments but treatments ZT and PRB with residue 

retention stocks of SOC in 1200 kg of soil m- -2 increased by 

+1.36 kg m-2 from in ZT and +0.87± 0.3 kg m-2 in PRB 

treatments from 22.02 to 23.38 and 20.84 to 21.71. 

 

Soil Aggregate Stability 

Aggarwal et al. (1995) [3] found that organic residues applied 

to soil improve structure by increasing soil aggregate stability. 

High aggregate stability due to incorporated crop residue may 

be due to the high soil organic carbon content in those 

treatments which act as a cementing agent for aggregate 

formation and stabilization. Blanco-Canqui and Lal (2007) [55] 

indicate that post-tillage consolidation of soils developing into 

compact and denser aggregates is significantly reduced 

through addition of organic inputs. However, variation among 

the treatments reveals different degrees of organic matter 

decomposition to influence aggregate densities. Arthur et al. 

(2012) [8] found a strong and positive relation between 

aggregate density and strength implies that the decrease in 

tensile strength is a result of increase in aggregate porosity 

through organic matter incorporation. Low organic matter in 

the zero-N plots increases the strength of air-dry aggregates 

due to increased internal friction between the particles upon 

drying. 

Six et al. (2000) [89] found that micro-aggregates within 

macro-aggregates accounted for only 27% of the macro-

aggregate weight in CT, compared with 47% of the macro-

aggregate weight in NT. Hence, the formation of new micro-

aggregates within macro-aggregates was reduced by a factor 

of about 2 (27% vs. 47%) in CT compared with NT. Organic 

matter plays the pivotal role in orienting soil particles to form 

aggregates and also by reducing the amount of non-

complexed clay available for cementation upon drying of 

aggregates (Schjønning et al., 2012). Greater proportion of 

macro-aggregates with fertilizer + manure application than 

chemical fertilizers alone is in agreement with Schjønning et 

al. (2007), P.K. Bandyopadhyay et al. (2010) and Sui et al. 

(2012) [98]. However, inorganic fertilizer-N improves soil 

aggregation in the plough layer compared to no-N application. 

Organic material incorporation improves the relative 

abundance of macro-aggregates at the expense of other 

fractions and also results in higher C in macro-aggregate 

fractions Yu et al. (2012) [114]. 

Ali and Nabi, (2016) [14] observed that crop residue 

incorporation treatments increased soil aggregate stability by 

46% and 55% over surface application treatments and control 

soil respectively. Similar results were also reported by 

Martens (2000) [69] who observed that addition of the seven 

plant residues increased soil aggregate stability for the soil at 

all incubation times when compared to the control (no residue 

added). Allison (1968) [5] also reported that stabilization of 

soil aggregates is a function of the physical forming forces 

present in soils to form aggregates and the release of 

aggregating agents by soil microorganisms upon organic 

residue decomposition. Continuous incorporation of crop 

residues could replenish the fast depletion of soil organic 

matter through continuous turnover of soil under intensive 
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agriculture, thereby improving stability of aggregates. Results 

are in agreement with increase in macro-aggregates by 

addition of rice straw and FYM in sandy loam soil in 

northwest India (Benbi and Senapati, 2010) [91] and through 

FYM in clay soil of central India (K.K. Bandyopadhyay et al., 

2010); increase in slaking-resistant macro-aggregates through 

manure in silt loam soil in Canada (Aoyama et al., 1999); and 

wheat straw in central Ohio (Blanco-Canqui and Lal, 2007) 

[55].  

Greater amount of water stable aggregates >0.25 was also 

reported by Karami et al., (2012) [53] under similar kinds of 

amendment and climate. The LM (>2 mm) fractions are also 

significantly in higher proportion at 0–7.5 cm layer with crop 

residue incorporation indicating greater soil microbial 

activities through freshly available C (Mikha and Rice, 2004) 
[70]. Das et al. (2014) found that the density, tensile strength 

and friability of aggregates increased with soil depth but 

decreased with additional organic inputs. Treatment T1 had 

the highest aggregate densities (1.82– 1.91 Mg m-3) and 

strengths (127.2–171.6 kPa), but the lowest friability (0.10–

0.15). The lowest density was recorded in T7 and T8, which 

was significantly higher than T1, in all the layers. Treatment 

T4 had similar effect as in T7 and T8 in 0–7.5 and 7.5– 15.0 

cm layers. Effect of inorganic fertilizers was not significant 

except in T3 at 0–7.5 cm. The TS was minimum in T4 (85.6– 

124.0 kPa), T6 (84.2–123.3 kPa), T7 (80.3–117.6 kPa) and T8 

(79.6– 117.2 kPa), while effect of inorganic N was significant 

in 0–7.5 cm layer only. Similarly, the effect of SPM in 

reducing the density and strength of aggregates was restricted 

to 0–7.5 cm layer. Friability of aggregates improved 

significantly with addition of organic inputs and was most 

evident in T7 (0.44, 0.36 and 0.30 at 0–7.5, 7.5–15.0 and 15–

30 cm, respectively). Treatments with inorganic N only (T1 

and T2) had no apparent effect on the friability. Substitution 

of inorganic N by organic sources improved water retention 

by aggregates although it varied among soil layers and size of 

aggregates. Naresh et al. (2017) revealed that compared to 

conventional tillage, macro-aggregates in conservation tillage 

in wheat coupled with unpuddled transplanted rice (RT-TPR) 

was increased by 50.13% and micro-aggregates of the later 

decreased by 10.1% in surface soil.50% surface residue 

retention caused a significant increment of 15.65% in total 

aggregates in surface soil (0–5cm) and 7.53% in sub-surface 

soil (5–10 cm). In surface soil, the maximum (19.2%) and 

minimum (8.9%) proportion of total aggregated carbon was 

retained with >2mm and 0.1–0.05mm size fractions, 

respectively. 

 

Soil Organic Carbon  

Raju and Reddy (2000) reported that in rice–rice rotation, 

incorporation of rice straw to supply 25% of the 

recommended N fertilizer dose for rainy season crop for 6 

years significantly increased organic C content from0.98% in 

straw removal treatment to 1.29%. Sharma (2001) reported 

that organic C content increased from 0.56% in straw removal 

to 0.66% when both the residues were incorporated for 2 

years in rice–wheat rotation. Liebig et al. (2002) observed 

that high N rate treatments increased C sequestration rate by 

1.0–1.4 Mg ha−1 yr−1. The application of FYM at 10–15 Mg 

ha−1 yr−1 along with NPK increased SOC sequestration at the 

rate of 50.7–900 kg ha−1 yr−1 over 28–33 years. Majumder et 

al. (2008) reported 67.9% of C stabilization from FYM 

applied in a rice–wheat system in the lower Indo-Gangetic 

plains. It is well recognized that improved management 

practices promote soil carbon sequestration, and thus increase 

soil carbon storage (Lu et al., 2009). Ma et al. (2011) 

observed that the incorporation of green manure with FYM 

sequestered relatively low organic C as compared to green 

manure with FYM and crop residue. Ghimire et al. (2012) 

revealed that 9.89% greater SOC in 0–50 cm soil profile 

under no-tillage than under conventional tillage in a rice-

wheat system. The significant fraction of SOC under no-

tillage was accumulated in surface soil with 28.3% greater 

SOC content in 0–5 cm depth of no-tillage system than that in 

the conventional tillage system.  

Manna et al. (2013) found that long term application of NPK 

or farm yard manure (FYM) significantly increased the C 

sequestration rate in rice–wheat system (55% higher SOC in 

FYM plots and 70% higher in NPK plots) than in maize–

wheat cropping system. Esther et al. (2013) observed that 

wheat straw amendment significantly increased total soil 

organic matter above the un-amended soil by 26 % for wheat 

straw incorporation treatments. High decomposition of 

incorporated residues also causes faster transformation of 

residues carbon into microbial components which may impact 

SOC by cycling C sooner into stable carbon pools that are 

protected (Moran et al., 2005).  

Mandal et al. (2007) reported that long term (7–36 years) 

application of organic amendments (5–10 Mg ha−1 yr−1) 

through farmyard manure or compost in subtropical India 

could increase SOC by 10.7%, constituting 18% of the 

applied C. In our research, relative to the NPK treatment, 

SOC increased by 10.8% in the CM1 treatment, similar to 

what Mandal et al. (2007) reported. However, the SOC 

increased 6.3 times more in CM3 (67.3%) than in CM1 

(10.8%), though the application rate of rice straw compost 

was only 3 times higher in CM3 than in CM1. This indicates 

that application of 30 Mg ha−1 rice straw compost every year 

accelerated SOC sequestration compared to the local 

conventional application at 10 Mg ha−1 in the cold temperate 

region of Yamagata, Japan.  

Bhattacharyya et al. (2013) also observed a higher total N 

accumulation under residue retained plots as compared to 

residue incorporated plots. Further, a positive and strong 

correlation between SOC and Kjeldahl N, Olsen’s P and 

extractable K signifies availability of nutrients from enhanced 

SOC. It is reported that application of crop residues leads to 

reduced soil compaction, which facilitates deeper growth of 

pigeonpea roots, thus recycling of nutrients occur from deeper 

soil surface. Brar et al. (2015) reported that the SOC pool was 

the lowest in control at 7.3 Mg ha−1 and increased to 11.6 Mg 

ha−1 with 100% NPK+FYM. Organic manures contains most 

of carbon in recalcitrant forms resulting in more carbon 

sequestration as it had already gone under some 

decomposition before application in agricultural fields Benbi 

and Senapati (2010) [91].  

Du et al.(2010); Mishra et al. (2010) revealed that higher 

SOC and N concentrations in the surface layer under NT than 

those under RT and PT systems can be attributed to a 

combination of less soil disturbance and reduced litter 

decomposition due to less soil/residue interaction. 

Furthermore, the presence of mulch may have improved soil 

structure by stabilizing aggregates and protecting SOM 

against microbial degradation and reduced the rate of SOC 

decomposition. (Luo et al., (2010) and Verhulst et al. (2011) 

also reported that the retention and management of preceding 

crop residue had a significant influence on SOM content 

under long-term of conservation agriculture. N was lost in 

TTSR through soil disturbance, rapid consumption and 

volatilization. Sun et al., (2013) reported that under TTSR 
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treatment, plant material was incorporated in the soil profile 

by tillage, which increased distribution of SOM and exposure 

to a larger surface area of soil and rapid decomposition and 

release of nutrients and increasing the potential for loss.  

Wang et al. (2014) [103] indicated that soil organic matter was 

significantly greater to 30 cm in no-tillage with straw cover 

(NTSC), while total soil nitrogen was lower than traditional 

tillage with straw removal (TTSR) treatments. Han et al. 

(2016) also observed that topsoil organic carbon (C) increased 

by 0.9 (0.7–1.0, 95% confidence interval (CI)) g kg−1 (10.0%, 

relative change, hereafter the same), 1.7 (1.2–2.3) g kg−1 

(15.4%), 2.0 (1.9–2.2) g kg−1 (19.5%) and 3.5 (3.2–3.8) g kg−1 

(36.2%) under UCF, CF, CFS and CFM, respectively. Naresh 

et al., (2017) found that RT-TPR combined with zero tillage 

on permanent wide raised beds in wheat (with residue) (T9) 

had the highest capability to hold the organic carbon in 

surface (11.57g kg-1soil aggregates). 

Manna et al. (2017) revealed that in tropical agriculture, the 

application of manures at 10–15 Mg ha−1yr−1 along with 

nitrogen, phosphorus, and potassium (NPK) increased soil 

organic C sequestration at the rate of 50.7–900 kg ha−1yr−1 

over 28–33 years of management. Globally, agricultural soils 

are estimated to potentially sequester 0.4–0.8Pg C yr−1 by the 

adoption of recommended management practices on 

croplands, 0.01–0.03 Pg C yr−1 on irrigated soils, and 0.01–

0.3 Pg C yr−1 on grasslands. Naresh et al. (2017a) reported 

that the profile SOC stock differed significantly (P < 0.05) 

among treatments The highest SOC stock of 72.2Mg C ha-1 

was observed in F6 with T6 followed by that of 64Mg C ha-1 in 

F4 with T2> that in F3 with T4 (57.9Mg C ha-1)> F5 with T1 

(38.4Mg C ha–1)= F7 with T5 (35.8 Mg C ha-1),and the lowest 

(19.9Mg C ha-1) in F1 with T7. Relatively higher percentage 

increase of SOC stock was observed in F6 with T6 treatment 

(56.3Mg C ha–1) followed by F4 with T2 (51.4Mg C ha–1) and 

F3 with T1 (48.4Mg C ha–1).  

 

Water Dispersible Silt + Clay 

Yu et al. (2012) [114] observed that micro-aggregates had the 

lowest carbohydrate content. The carbohydrate content in 

macro-aggregates was significantly higher than in the silt + 

clay fraction in the PK, NK and CK treatments, but not in the 

CM, HCM, NPK and NP treatments. Compared with CK, 

compost and NPK application increased the carbohydrate 

contents in soils and micro-aggregates. An increase in 

carbohydrate content was also observed in macro-aggregates 

and the silt + clay fraction in the compost and fertilizer 

treatments except NK. Long term application of compost 

rather than inorganic fertilizer more obviously increased the 

carbohydrate contents in soils and aggregates. The 

carbohydrate-to-organic C ratio was highest in the silt + clay 

fraction, with an average value of 16% in all treatments, and 

smallest in micro-aggregates (7%). The application of 

fertilizers, especially compost, slightly reduced the 

carbohydrate-to-organic C ratio in the silt + clay fraction, but 

no obvious effect was observed in macro-aggregates, micro-

aggregates and soils.  

Causarano et al. (2008) reported that compared to 

conventional tillage, zero tillage can reduce the turnover of 

macro-aggregates in farmland and facilitate the enclosure of 

organic carbon in micro-aggregates, which enables micro-

aggregates to preserve more physically protected organic 

carbon and form more macro-aggregates. Vasconcelos et al. 

(2010) adds that stabilization of aggregates is directly related 

to organic matter content, mainly in the surface layer, and that 

as the amount of organic matter decreases due to conventional 

tillage or low input of plant biomass, a reduction in the 

stability of soil aggregates usually occurs. Jiang et al., (2011) 

[49] found that surface soil (0–15 cm) was fractionated into 

aggregate sizes (>4.76 mm, 4.76–2.00 mm, 2.00–1.00 mm, 

1.00–0.25 mm, 0.25–0.053 mm, <0.053 mm) under two 

tillage regimes. Tillage significantly reduced the proportion of 

macro-aggregate fractions (>2.00 mm) and thus aggregate 

stability was reduced by 35% compared with RNT, indicating 

that tillage practices led to soil structural change for this 

subtropical soil. 

Choudhury et al. (2014) [23] also observed that DSR combined 

with zero tillage in wheat along with residue retention (T6) 

had the highest capability to hold the organic carbon in 

surface (11.57 gkg-1 soil aggregates) with the highest 

stratification ratio of SOC (1.5). Moreover, it could show the 

highest carbon preservation capacity (CPC) of coarse macro 

and meso-aggregates. A considerable proportion of the total 

SOC was found to be captured by the macro-aggregates (>2–

0.25mm) under both surface (67.1%) and sub-surface layers 

(66.7%) leaving rest amount in micro-aggregates and ‘silt + 

clay’ sized particles. 

Majumder et al. (2015) revealed that the macro-aggregates 

constituted 37-60% of total WSA and the proportion of micro-

aggregates ranged from 19 to 30%. Addition of FYM, wheat 

straw and green manure increased macro-aggregate fractions, 

with a concomitant decrease in micro-aggregate fractions. 

Among the macro-aggregates, 0.25-0.50 mm fraction 

constituted the largest proportion and had higher C density 

compared to micro-aggregates. Song et al., (2016) [93] reported 

that as compared to conventional tillage, the percentages of 

>2 mm macro-aggregates and water-stable macro-aggregates 

in rice-wheat double conservation tillage (zero-tillage and 

straw incorporation) were increased 17.22% and 36.38% in 

the 0–15 cm soil layer and 28.93% and 66.34% in the 15–30 

cm soil layer, respectively.  

 

Aggregate-Associated SOC Concentration 

Six et al. (2002) [89] showed that regardless of tillage practice, 

the highest SOC concentration was found for the 0.25–

0.106 mm micro-aggregates in the 0–15 cm and 15–30 cm soil 

layers, which is inconsistent with the result of Six et al., 

(2000) [89] who found that >2 mm aggregates had the highest 

SOC level compared to the other size classes of aggregates. 

Six et al. (2000) [89] suggested that macro-aggregates are 

formed by the aggregation of soil particles through 

cementation of organic substances and indicated that macro-

aggregate particles are the main carrier of organic carbon. 

Causarano et al. (2008) reported that compared to 

conventional tillage, zero tillage can reduce the turnover of 

macro-aggregates in farmland and facilitate the enclosure of 

organic carbon in micro-aggregates, which enables micro-

aggregates to preserve more physically protected organic 

carbon and form more macro-aggregates. 

 Razafimbelo et al. (2008) suggested that micro-aggregates, 

which possess a larger specific surface area with more 

abundant active points, can absorb organic substances and 

preserve organic carbon through strong ligand exchange and 

multivalent cation bridging. Consequently, the SOC levels are 

even higher in micro-aggregates than in macro-aggregates. 

Mandal et al. (2008) found that continuous cultivation 

without the addition of N or P fertilizer (CK, NK, and PK 

treatments) over 20 years caused a significant decrease in the 

SOC stock in the 0–60 cm soil profile. This decrease was 

attributed mainly to low inputs of exogenous organic C from 

crop residues (0.93–1.35 Mg C ha−1 yr−1), which were lower 
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than the magnitude of mineralized SOC (1.99–2.19 Mg C ha−1 

yr−1). Bhattacharyya et al. (2011) found that the 15–30 cm 

soil layer was the most efficient in stabilizing applied organic 

C and that the proportion of applied manure C stabilized in 

this layer was 1.37 times the proportion in the 0–15 cm layer 

and 6.14 times the proportion in the 30–45 cm layer. 

However, with respect to the low C-retention capacity of the 

20–40 cm soil layer (sandy soil) at the study site, organic C 

may have moved downward from the 0–20 cm layer, passed 

through the 20–40 cm layer, and been sequestered in the 40–

60 cm soil layer.  

Srinivasan et al. (2012) showed that zero tillage resulted in 

higher organic carbon storage in soil aggregates in the 0–

15 cm soil layer than did conventional tillage, primarily 

because conservation tillage reduces the damage to soil 

aggregates and increases the content and stability of 

associated organic carbon accordingly. De Deyn et al. (2011) 

and Arai et al., (2013) reported that the influence of tillage on 

soil organic carbon have only considered the shallow soil 

layer (0–15 cm) and ignore the SOC level in the deep soil if it 

shows little differences or exhibits the same distribution as 

observed in the shallow soil. However, the organic materials 

are tightly bound to soil particles, thereby improving the 

stability of their mineralization and promoting the 

accumulation of organic carbon in the deep soil. Fan et al. 

(2014) reported that the total quantities of sequestered SOC 

were linearly related (P<0.01) to cumulative C inputs to the 

soil, and a critical input amount of 2.04 Mg C ha−1yr−1 was 

found to be required to maintain the SOC stock level (zero 

change due to cropping). However, the organic C 

sequestration rate in the 0–60 cm depth decreased from 0.41 

to 0.29 Mg C ha−1yr−1 for HCM and from 0.90 to 0.29 Mg C 

ha−1yr−1 for CM from the period of 1989–1994 to the period 

of 2004–2009, indicating that the SOC stock was getting to 

saturation after the long-term application of compost. The 

estimated SOC saturation level in the 0–60 cm depth for CM 

was 61.31 Mg C ha−1, which was 1.52 and 1.14 times the 

levels for NPK and HCM, respectively. 

Das et al. (2013) observed a significant increase in total SOC 

under ZT plots over CT plots after 4 years of cotton/ maize–

wheat cropping in this region. This could be due to difference 

in residue quality. The C/N ratio of pigeon-pea residues is 

lower than that of cotton or maize residues. Higher C/N 

residues resulted in less mineralization of native and added C 

(and thus had better potential to be retained in soils under 

ZT), which was perceived to be the major factor for 

differences in C retention under these two contrasting 

cropping systems. Naresh et al. (2015) observed that in a 3-

year study in a rice-wheat system, SOC content was 0.22% 

greater under no-tillage raised bed than under conventional 

tillage. The significant fraction of SOC under no-tillage was 

accumulated in surface soil with 28.3% greater SOC content 

in 0–5 cm depth of no-tillage system than that in the 

conventional tillage system. Yang et al. (2014) noticed that 

long-term winter planted green manure substantially 

improved the SOC content and the C/N ratio coupled with 

redistribution of the macro-aggregates into micro-forms. 

Naresh et al. (2017) found that higher SOC content of 8.14 g 

kg-1 of soil was found in reduced tilled residue retained plots 

followed by 10.34 g kg-1 in permanently wide raised bed with 

residue retained plots. Whereas, the lowest level of SOC 

content of 5.49 g kg-1 of soil were found in puddled 

transplanted rice followed by wheat planted under 

conventionally tilled plots.  

 

Soil carbon stock 

Hao et al. (2004) found that the organic input can also ensure 

aggregate stability, as the high stability of aggregation 

provides favorable conditions for mass transfer, retention time 

of water, root growth, and microbial activity. Abiven and 

Recous (2007) also reported more C mineralization from 

paddy and wheat straw when incorporated into soil as 

compared to their mulching. Jin et al. (2008) also observed 

the highest C mineralization in the incorporated winter wheat 

and peanut residues as compared to their surface application. 

Faster decomposition with incorporated residues might be due 

to its close contact with soil, optimal moisture and 

temperature gradients and more availability of soil nutrients 

which in turn provide conducive environment for 

decompositionYadvinder-Singh et al., (2010). Zhang et al. 

(2008) also observed that rice residues with incorporation 

(RRI) released 10% more CO2–C than wheat residue 

incorporation treatments (WRI) while in surface application 

treatments rice residues gave 16% higher CO2–C flux than 

wheat residues. Higher release of CO2-C from rice residue 

(C/N = 69) might be due to its narrower C/N ratio than wheat 

residues (C/N = 116). Plant residues with higher C/N ratios 

show slower decomposition rates. Sirinavas et al., (2006) and 

Corbeels et al. (2000) who found the highest immobilization 

period of 12 days for incorporated residues whereas for 

Kachroo et al. (2006) this period was of 15 days. Rice and 

wheat residue incorporation treatments (RRI and WRI) 

immobilized 15.79 and 13.51 mg kg–1 mineral nitrogen at day 

15.  

De Roy et al. (2011) found significantly higher mineralization 

from rice residue as compared to wheat residue. This higher N 

mineralization of rice residues may be attributed to its lower 

C/N ratio than wheat residues. Jemai et al. (2012); Dimassi et 

al. (2013) also indicate that SOC concentrations in the 30–50 

cm depth were in the order RT > NT > PT > PT0, supporting 

the hypothesis that tillage practices can impact SOC 

concentration in sub-soil. Such a trend can be attributed to the 

soil properties (e.g., water infiltration, residue decomposition 

rate) and root penetration under different treatments. Galka et 

al. (2014) reported that the composition of the forest canopy 

is also known to be a determining factor in mineral 

weathering, soil acidity, contaminant accumulation, nutrient 

reserves, and diversity of soil organisms. Chen et al. (2014) 

found that SOC stocks increased in topsoil of double rice-

cropping systems with increases in experimental duration. 

Additionally the SOC sequestration rate in 0–30 cm soil depth 

was observed to be higher than in single-rice paddy soils or 

upland soils. Long-term straw mulching could build soil 

organic matter level and N reserves, increase the availability 

of macro- and micro- nutrients, and subsequent nutrient 

transformations. 

 

Microbial Biomass Carbon 

Six et al. (1999) indicated that in addition to the amount of 

aggregation, the rate of turnover of soil aggregates influences 

C stabilization. Microbial growth and the resulting production 

of extracellular poly- saccharides bind residue and soil 

particles into macro-aggregates. Spedding et al. (2004) found 

that residue management had more influence than tillage 

system on microbial characteristics, and higher SMB-C and N 

levels were found in plots with residue retention than with 

residue removal, although the differences were significant 

only in the 0-10 cm layer. Tresder et al. (2005) revealed that 

Pigeon-pea, being a legume, have prolific root system, which 

releases an array of organic compounds viz. psidic acid and 
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oxalic acid. Gloumalin content is perceived to be increased in 

the rhizosphere. These compounds stimulate and diversify the 

growth of the microbial biota and enzymatic activity, and 

thus, increase nutrient cycling and their acquisition, especially 

N and P to the crop. So, retention of crop residues at 3 t/ha 

under ZT and an association of pigeonpea leaf litter fall 

stimulate the growth of microbial population by providing 

continuous supply of food. Balota et al. (2004) showed that 

residue retention and no tillage increased total C by 45% and 

soil microbial biomass (SMB) by 83% at 0–50 cm depth as 

compared to traditional tillage. Similarly, Soon and Arshad 

(2005) also indicated that SMB was 7-36%higher with no 

tillage than conventional tillage. 

Green et al. (2007) found that No-till management practice 

increase stratification of soil enzyme activities near the soil 

surface, perhaps due to the similar vertical distribution of 

SOM in NT than in CT and the activity of microbes. Mina et 

al. (2008) reported that conventional tillage enhances 

oxidation of organic C and impairment of soil pore networks 

including mycorrhizal hyphae, which gave low MBC and 

consequently MBN, while reverse is true for ZT. Higher 

MBC causes an increase in enzymatic activities viz. 

dehydrogenase activity (DHA), phosphatase and β-glucosidea 

activities under ZT. DHA is an oxidoreductase enzyme 

present in viable cells only.  

James et al. (2010) revealed that long-term no-tilled soils 

have significantly greater levels of microbes, more active 

carbon, more SOM, and more stored carbon than conventional 

tilled soils. Lu et al. (2014) recently concluded that biochar 

and residue amendment could enhance the readily oxidized C 

(measured by KMnO4 oxidation). Sepat et al. (2016) found 

that Zero tillage increased the microbial biomass carbon 

(MBC) and microbial biomass nitrogen (MBN) by 15.0 and 

18.3 %, respectively, over CT. Plots under zero tillage—

raised bed (ZT-B) recorded highest soil MBC, while in the 

case of MBN, ZT-B remained comparable with zero tillage—

flat bed (ZT-F) and conventional tillage— raised bed (CT-B). 

Plots under conventional tillage— flat bed (CT-F) recorded 

17.4 and 19.4 % lower values of MBC and MBN, respectively 

over ZT-B plots. Crop residue application recorded 41.0 and 

39.8 % higher MBC and MBN, respectively than no residue 

plots. 

 

Soil Enzymatic Activities 

Alvarez et al. (1995) observed that conventional tillage 

enhances oxidation of organic C and impairment of soil pore 

networks including mycorrhizal hyphae, which gave low 

MBC and consequently MBN, while reverse is true for ZT. 

Higher MBC causes an increase in enzymatic activities viz. 

dehydrogenase activity (DHA), phosphatase and β -

glucosidea activities under ZT. DHA is an oxidoreductase 

enzyme present in viable cells only. This enzyme has been 

considered as a suitable indicator of soil quality and a valid 

biomarker to indicate changes in total microbial activity due 

to change in soil management. 

Zhang et al. (2009) and Lu et al. (2014) found that invertase 

activity generally decreased with soil depth, which can 

probably be attributed to lower soil organic carbon and 

microbial biomass in deeper soils. However, the urease 

enzyme is responsible for the hydrolysis of urea fertilizer 

applied to the soil into NH3 and CO2. Harter et al. (2014) [44]; 

Zhang et al. (2013a) and Wu et al. (2013) [106] found that 

biochar application resulted in more nitrate in the upper 1 m 

of soil profile. Therefore, biochar-induced changes in soil 

biota (i.e., enzyme, microbial community) regarding soil N 

transformation (nitrification, denitrification) is needed, 

because the activity of enzymes involved in the N cycle could 

potentially be linked to N2O emissions. Nannipieri et al. 

(2012) also observed that phosphatase, which catalyzes the 

hydrolysis of ester phosphate bonds, releases inorganic 

phosphate assimilated by plants and microorganisms. 

Yu et al. (2012) [114] reported that the invertase activities in 

micro-aggregates were lower than that in macro-aggregates, 

the silt + clay fraction and soil in all treatments. Long-term 

compost amendment led to a significant increase in invertase 

activities in soil, micro-aggregates and the silt + clay fraction, 

but not in macro-aggregates, compared with CK. The 

inorganic fertilizer amendment had a slight effect on invertase 

activities. The specific invertase activities in macro-

aggregates and the silt + clay fraction were reduced by all 

fertilizer applications in comparison with CK. The activities 

of cellobiohydrolase and its specific activities were smaller in 

micro-aggregates than in macro-aggregates, the silt + clay 

fraction and soil. Compared to CK, the long-term application 

of compost, NPK and NP significantly increased the activities 

of cellobiohydrolase and its specific activities in all 

aggregates and soil. In macro-aggregates and micro-

aggregates, the application of NPK had a more pronounced 

effect on the specific cellobiohydrolase activities than did 

compost.  

In all treatments, the lowest activities of β-glucosidase and its 

specific activities were in micro-aggregates. The activities of 

xylosidase in both macro-aggregates and the silt + clay 

fraction were higher than in micro-aggregates in all 

treatments. The long-term application of compost and NPK 

significantly increased xylosidase activities in soil, macro-

aggregates and the silt + clay fraction in comparison with CK. 

The specific xylosidase activities were enhanced by the 

application of all the fertilizers in the silt + clay fraction. The 

NPK amendment had a more pronounced effect on the 

specific xylosidase activities than did compost in micro-

aggregates. The activities of polyphenol oxidase and its 

specific activities in micro-aggregates were slightly higher 

than in soil, macro-aggregates and the silt + clay fraction in 

all treatments except CK. The long-term application of 

compost and inorganic fertilizer significantly reduced 

polyphenoloxidase activities in soils. The application of 

compost decreased the specific activities of polyphenol 

oxidase in soil, macro-aggregates, micro-aggregates and the 

silt + clay fraction by 73–75, 63–68, 62–67 and 80–82%, 

respectively, whereas the corresponding values were 58, 57, 

45 and 62% in the NPK treatment. 

Wang et al. (2007) [103] and Kara & Bolat (2008) 

demonstrated that the RDA showed that the activities of 

invertase, β -glucosidase and xylosidase were clearly 

correlated with the organic C and carbohydrate content in soil, 

but the activities of cellobiohydrolase and polyphenol oxidase 

only had a weak correlation with the organic C and 

carbohydrate content in soil. The activities of invertase and β 

-glucosidase were linearly correlated with organic C. Lisboa 

et al. (2009), who postulated that for a forest-to-pasture 

chronosequence, the turnover time of organic C in the slow-

cycling C pool of micro-aggregates (53–250 µm, 498 yr) is 

longer than that of particulate organic matter (>250 µm, 1.29 

yr) and silt fraction (2–53 µm, 210 yr). Zhang et al. (2011) 

observed that long-term application of fertilizers, especially 

compost, significantly increased the population of bacteria 

and reduced the abundance of actinomycetes, but had no 

obvious effect on fungi. 
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Carvalhais et al. (2011) [21] observed a higher carbohydrate-to-

organic C ratio in the silt + clay fraction than in micro-

aggregates and macro-aggregates, and there was a significant 

or marginal relationship between the carbohydrate content 

and the activities of invertase, β -glucosidase or xylosidase. 

These results indicated that the enzymes in the silt + clay 

fraction were not completely adsorbed onto the mineral 

surfaces and retain high organic C-decomposing potentials in 

our tested sandy loam soil. Sepeat et al. (2016) revealed that 

combined application of pigeonpea + wheat residue at 3t/ha 

resulted in higher dehydrogenase (20.9 µg 

triphenylformazan/g/h), β- glucosidase (145 µg p-

nitrophenol/g/h), and acid phosphatase activities (24.5 µg p-

nitrophenol/g/h) than the single application of wheat or 

pigeonpea residue in either season or no residue control. Jindo 

et al. (2012) [50], who found the urease enzyme, determined 

from horizons of different soil profiles revealed decreased 

activities with soil depth. The differences might be attributed 

to decreases in soil organic matter content and numbers of 

microorganisms with depth. Zhang et al. (2013a) found that 

RDN+FYM application resulted in more nitrate in the upper 1 

m of soil profile. Further study about residue and 

RDN+FYM-induced changes in soil biota (i.e., enzyme, 

microbial community) regarding soil N transformation 

(nitrification, denitrification) is needed, because the activity 

of enzymes involved in the N cycle could potentially be 

linked to N2O emissions (Wu et al., 2013; Harter et al., 2013) 

[106, 44]. 

 

Conclusions 

Long-term compost amendment significantly increased the 

organic C content in soil by increasing organic C in all 

aggregates, whereas the increase in organic C in inorganic 

fertilizer–added soils was mainly because of the enhancement 

in organic C content in macro-aggregates and the silt + clay 

fraction. A decrease in specific polyphenol-oxidase activities 

was also found in inorganic fertilizer–added soils and 

aggregates. In macro-aggregates and the silt + clay fraction, 

the specific invertase activities were also decreased by 

compost or inorganic fertilizer application. In contrast, 

inorganic fertilizer NPK more obviously increased the 

specific activities of cellobiohydrolase in soil, macro-

aggregates and micro-aggregates (but not in the silt + clay 

fraction), and xylosidase in micro-aggregates than compost. 

However, the fertilizer NPK amendment mainly accentuated 

the accumulation of lignin (its derivatives) and sucrose. The 

enzymes measured in the silt + clay fraction were found to be 

not completely absorbed and stabilized on the mineral 

surfaces and have high organic C –decomposing potentials. 

The different types of organic C accumulated in different 

aggregates and were affected by the type of fertilizers applied 

in our agricultural soils. The application of compost with high 

lignocellulose is likely to be a good strategy to increase 

organic C content in the agricultural soils of the North West 

Gangetic plains, India. Sequestering organic C in soil, 

creating a nutrient-rich environment for the proliferation of 

plants, and allowing water to pass through and be filtered are 

some critical soil functions that can be enhanced with 

conservation agricultural systems.  

The residue incorporation significantly enhanced its 

decomposition and caused about 30 kg N ha–1 (15 mg N kg–1) 

immobilization within 15 days whereas surface application 

immobilized about 19 kg N ha–1 (9.5 mg N kg–1) in 75 days. 

In rice-wheat area of North West Gangetic plains, India, the 

time window between wheat harvesting and rice transplanting 

is about 60 days which provides enough time for crop 

residues to decompose and mineralize N. But the time 

window between rice harvesting and wheat sowing is about 

20–25 days thus incorporation must be as early as possible 

just after rice harvesting and a starter dose of about 10–15 N 

kg ha–1 should also be applied in order to avoid N deficiency 

during germination and early growth. In the zero drill by 

happy seeder system crop residues can be left intact or used as 

mulch in the direct seeded system. In case of surface 

application of rice and wheat residues, the immobilization 

process is very slow and long which will not cause N 

deficiency with the application of recommended dose of N 

fertilizers. Incorporated rice and wheat residues increased soil 

organic carbon by 18% while soil stable macro-aggregates by 

50% over un-amended soil.  

Low organic matter and poor soil structure are one of the key 

reasons of yield stagnation and even decline in yield of rice-

wheat system of India. Therefore, crop residue incorporation 

will enhance soil organic matter and will improve soil 

structure. Soil organic C is a key element in the valuation of 

natural resources and the evaluation of how management 

affects soil quality and ecosystem services derived from soil. 

A key to success will be to consider the agronomic, ecological 

and environmental constraints within a particular farm setting. 

The magnitude and severity of the depletion of SOC pool are 

exacerbated through decline in soil quality by accelerated 

erosion and other degradation processes. Perpetual use of 

extractive farming practices and mining of soil fertility also 

deplete the SOC pool. Conversion to a restorative land use 

and adoption of recommended agricultural management 

practices, which create positive C and nutrient budgets, can 

enhance SOC pool while restoring soil quality. Soil carbon 

sequestration is a win-win-win strategy. The amount of 

organic carbon stored in various soil pools is the balance 

between the rate of soil organic carbon input and the rate of 

mineralization in each of the organic carbon pools. However, 

the storage of carbon in soil profile is governed by the soil 

type, climate, management, mineral composition, topography, 

soil organisms and other unknown factors. More research 

evaluating impacts of alternative management systems on 

SOC dynamics is required. Specifically, understanding SOC 

and nutrient dynamics during transition from conventional to 

conservation systems are required.  

 

References 

1. Abid M, Lal R. Tillage and drainage impact on soil 

quality: I. Aggregate stability, carbon and nitrogen pools. 

Soil Till Res. 2008; 100:89-93. 

2. Abiven S, Recous S. Mineralization of crop residues on 

the soil surface or incorporated in the soil under 

controlled conditions. Bio Fertility Soils. 2007; 43:849-

852. 

3. Aggarwal GC, Sidhu AS, Sekhon NK, Sandhu KS, Sur 

HS. Puddling and N management effects on crop 

response in a rice–wheat cropping system. Soil Till Res. 

1995; 36:129-139. 

4. Ali Ijaz, Nabi Ghulam. Soil carbon and nitrogen 

mineralization dynamics following incorporation and 

surface application of rice and wheat residues. Soil 

Environ. 2016; 35(2):207-2015. 

5. Allison FE. Soil aggregation - some facts and fallacies as 

seen by a microbiologist. Soil Sci. 1968; 106:1361743. 

6. Alvarez R, Daz RA, Barbero N, Santanatoglia OJ, Blotta 

L. Soil organic carbon, microbial biomass and CO2-C 



 

~ 256 ~ 

Journal of Pharmacognosy and Phytochemistry 
production from three tillage systems. Soil Till Res. 

1995; 33:17-28 

7. Arai M, Tayasu I, Komatsuzaki M, Masao Uchida M, 

Shibata Y, Kaneko N. Changes in soil aggregate carbon 

dynamics under no-tillage with respect to earthworm 

biomass revealed by radiocarbon analysis. Soil Till Res. 

2013; 126:42-49. 

8. Arthur E, Schjønning P, Moldrup P, de Jonge LW. Soil 

resistance and resilience to mechanical stresses for three 

differently managed sandy loam soils. Geoderma, 2012; 

173-174:50-60. 

9. Bai YH, He J, Li HW, Wang QJ, Chen H, Kuhn H, et al. 

Soil structure and crop performance after 10 years of 

controlled traffic and traditional tillage cropping in the 

dryland Loess Plateau in China. Aust. J Soil Res. 2009; 

174:113-119. 

10. Balota EL, Filho AC, Andrade DS, Dick RP. Long-term 

tillage and crop rotation effects on microbial biomass and 

C and N mineralization in a Brazilian Oxisol. Soil Till. 

Res. 2004; 77:137-145. 

11. Bandyopadhyay KK, Misra AK, Ghosh PK, Hati KM. 

Effect of integrated use of farmyard manure and chemical 

fertilizers on soil physical properties and productivity of 

soybean. Soil Till. Res. 2010; 110:115-125. 

12. Bandyopadhyay PK, Saha S, Mani PK, Mandal B. 

Effects of organic inputs on aggregate associated organic 

carbon concentration under long-term rice– wheat 

cropping system. Geoderma. 2010; 154:379-386.  

13. Benbi DK, Senapati N. Soil aggregation and carbon and 

nitrogen stabilization in relation to residue and manure 

application in rice–wheat systems in northwest India. 

Nutr. Cycl. Agroecosyst. 2010; 87:233-247.  

14. Bhattacharyya R, Kundu S, Srivastva AK, Gupta HS, 

Prakash V, Bhatt JC. Long term fertilization effects on 

soil organic carbon pools in a sandy loam soil of the 

Indian sub-Himalayas. Plant Soil. 2011; 341:109-124. 

15. Bhattacharyya R, Das TK, Pramanik P, Ganeshan V, 

Saad AA, Sharma AR. Impacts of conservation 

agriculture on soil aggregation and aggregate-associated 

N under an irrigated agro-ecosystem of the Indo-Gangetic 

Plains. Nutr Cycl Agroecosyst. 2013; 96:185-202 

16. Blanco-Canqui H, Lal R. Soil structure and organic 

carbon relationships following 10 years of wheat straw 

management in no-till. Soil Till. Res. 2007; 95:240-254.  

17. Blanco-Moure N, Angurel LA, Moret-Fernandez D, 

Lopez MV. Tensile strength and organic carbon of soil 

aggregates under long-term no tillage in semiarid Aragon 

(NE Spain). Geoderma. 2012; 189-190:423-430. 

18. Brar BS, Singh K, Dheri GS, Kumar B. Carbon 

sequestration and soil carbon pools in a rice–wheat 

cropping system: effect of long-term use of inorganic 

fertilizers and organic manure. Soil Till Res. 2013; 

128:30-36. 

19. Brar BS, Singh Jagdeep, Singh Gurbir, Kaur Gurpreet. 

Effects of Long Term Application of Inorganic and 

Organic Fertilizers on Soil Organic Carbon and Physical 

Properties in Maize–Wheat Rotation. Agron. 2015; 

5:220-238 

20. Brendan JS, Philip LE, Jeffrey E, Len JW. EH Graham 

Centre Monograph No. 1: Stubble Retention in Cropping 

Systems in Southern Australia: Benefits and Challenges. 

In: Clayton, E.H., Burns, H.M. (Eds.), Industry & 

Investment NSW, Orange. http://www. csu.edu.au/ 

research/grahamcentre/, 2010. 

21. Carvalhais LC, Dennis PG, Fedoseyenko D, Hajirezaei 

M, Borriss R, von Wiren N. Root exudation of sugars, 

amino acids, and organic acids by maize as affected by 

nitrogen, phosphorus, potassium, and iron deficiency. J 

Plant Nutrition Soil Sci, 2011; 174:3-11. 

22. Causarano HJ, Franzluebbers AJ, Shaw JN, Wayne 

Reeves D, Raper RL, Wesley Wood C. Soil organic 

carbon fractions and aggregation in the Southern 

Piedmont and Coastal Plain. Soil Sci. Soc. Am. J. 2008; 

72:221-230. 

23. Choudhury, Shreyasi Gupta, Srivastava Sonal, Singh 

Ranbir, Chaudhari SK, Sharma DK, et al. Tillage and 

residue management effects on soil aggregation, organic 

carbon dynamics and yield attribute in rice–wheat 

cropping system under reclaimed sodic soil. Soil Till Res. 

2014; 136:76-83. 

24. Chen ZD, Dikgwatlhe SB, Xue JF, Zhang HL, Chen F, 

Xiao XP. Tillage impacts on net carbon flux in paddy soil 

of the Southern China. J. Clean. Prod., http://dx. 

doi.org/10. 1016/j.jclepro, 2014. 

25. Coppens F, Garnier P, Findeling A, Merckx R, S. 

Recous. Decomposition of mulched versus incorporated 

crop residues: Modelling with PASTIS clarifies 

interactions between residue quality and location. Soil 

Bio. Biochem. 2007; 39:2339-2350. 

26. Das Bappa, Chakraborty D, Singh VK, Aggarwal P, 

Singh R, Dwivedi BS, Mishra RP. Effect of integrated 

nutrient management practice on soil aggregate 

properties, its stability and aggregate-associated carbon 

content in an intensive rice–wheat system. Soil Till. Res. 

2014; 136:9-18. 

27. Das TK, Bhattacharyya R, Sharma AR, Das, S., Saad, 

A.A. Pathak, H. Impacts of conservation agriculture on 

total soil organic carbon retention potential under an 

irrigated agro-ecosystem of the western Indo-Gangetic 

Plains. Eur J Agron. 2013; 51:34–42. 

28. De Deyn GB, Shiel RS, Nicholas Ostle, Niall. and 

Mcnamara, P. Carbon sequestration benefits of grassland 

diversity restoration. J Appl. Ecol. 2011; 48:600-608. 

29. De Roy M, Chhonkar PK, Patra A. Mineralization of 

nitrogen from 15N labeled crop residues at varying 

temperature and clay content. A. J. A.R. 2011; 6(1):102-

106. 

30. Dikgwatlhe SB, Kong FL, Chen ZD, Lal R, Zhang HL, 

Chen F. Tillage and residue management effects on 

temporal changes in soil organic carbon and fractions of a 

silty loam soil in the North China Plain. Soil Use Manag. 

2014; 30:496-506.  

31. Dikgwatlhe SB, Chen Z, Lal R, Zhang H, Chen F. 

Changes in soil organic carbon and nitrogen as affected 

by tillage and residue management under wheat–maize 

cropping system in the North China Plain. Soil Till Res. 

2014a; 144:110-118. 

32. Dimassi B, Cohan JP, Labreuche J, Mary B. Changes in 

soil carbon and nitrogen following tillage conversion in a 

long-term experiment in Northern France. Agric. Ecosys. 

Environ. 2013; 169:12-20. 

33. Du Z, Ren T, Hu C. Tillage and residue removal effects 

on soil carbon and nitrogen storage in the North China 

Plain. Soil Sci. Soc. Am. J. 2010; 74:196-202. 

34. Esther OJ, Hong TX. Hui GC. Influence of straw 

degrading microbial compound on wheat straw 

decomposition and soil biological properties. African J 

Micro. Res. 2013; 7(28):3597-3605. 

http://dx/


 

~ 257 ~ 

Journal of Pharmacognosy and Phytochemistry 
35. Fan J, Ding W, Xiang J, Qin S, Zhang, J. and Ziadi, N. 

Carbon sequestration in an intensively cultivated sandy 

loam soil in the North China Plain as affected by compost 

and inorganic fertilizer application. Geoderma 230–2014; 

231:22-28. 

36. Ferreira FP, Azevedo AC, Dalmolin RSD, Girelli D. 

Organic carbon, iron oxides and aggregate distribution in 

two basaltic soils from Rio Grande do Sul State - Brasil. 

Ci Rural. 2007; 37:381-8. 

37. Fonte SJ, Quintero DC, Velásquez E, Lavelle P. 

Interactive effects of plants and earthworms on the 

physical stabilization of soil organic matter in aggregates. 

Plant Soil. 2012; 359:205-214. 

38. Galka B, Labaz B, Bogacz A, Bojko O, Kabala C. 

Conversion of Norway spruce forests will reduce organic 

carbon pools in the mountain soils of SW Poland. 

Geoderma. 2014; 213:287-295. 

39. Ghimire R, Machad S, Rhinhart K. Long-term crop 

residue and nitrogen management effects on soil profile 

carbon and nitrogen in wheat-fallow systems. Agron J. 

2015; 107:2230-2240. 

40. Green VS, Stott DE, Cruz JC, Curi N. Tillage impacts on 

soil biological activity and aggregation in Brazilian 

Cerrado Oxisol. Soil Tillage Res. 2007; 92:114-121. 

41. Haile SG, Nair PKR, Nair VD. Carbon storage of 

different soil-size fractions in Florida silva-pastoral 

systems. J Environ. Qual. 2008; 37:1789-1797. 

42. Han Pengfei, Zhang Wen, Wang Guocheng, Sun 

Wenjuan, Yao Huang Yao. Changes in soil organic 

carbon in croplands subjected to fertilizer management: a 

global Meta analysis. Scientific Reports, 2016. | 6:27199 | 

DOI: 10.1038/srep27199 

43. Hao X, Chang C, Li X. Long-term and residual effects of 

cattle manure application on distribution of P in soil 

aggregates. Soil Sci. 2004; 169:715-728. 

44. Harter J, Krause HM, Schuettler S, Ruser R, Fromme M, 

T. Scholten, Kappler A, Behrens S. Linking N2O 

emissions from biochar-amended soil to the structure and 

function of the N-cycling microbial community. ISME J. 

2014; 8:660-674. 

45. Huang S, Sun YN, Rui WY, Liu WR, Zhang WJ. Long-

term effect of no-tillage on soil organic carbon fractions 

in a continuous maize cropping system of Northeast 

China. Pedosphere. 2010; 20:285-292. 

46. Ito T, Araki M, Higashi T, Komatsuzaki M, Kaneko N. 

Ohta H. Responses of soil nematode community structure 

to soil carbon changes due to different tillage and cover 

crop management practices over a nine-year period in 

Kanto, Japan. Appl. Soil Ecol. 2015; 89:50-58. 

47. Jemai I, Aissa NB, Guirat SB, Hammouda MB, Gallali T. 

On farm assessment of tillage impact on vertical 

distribution of soil organic carbon and structural soil 

properties in a semiarid region in Tunisia. J Environ. 

Manage. 2012; 113:488-494.  

48. Jin K, Sleutel S, De Neve S, Gabriels D, Cai D, Jin J, ety 

al. Nitrogen and carbon mineralization of surface-applied 

and incorporated winter wheat and peanut residues. Bio. 

Fertility Soils. 2008; 44:661-665. 

49. Jiang X, Hu Y, Bedell JH, Xie D, Wright AL. Soil 

organic carbon and nutrient content in aggregate-size 

fractions of a subtropical rice soil under variable tillage. 

Soil Use Manag. 2011; 27:28-35. 

50. Jindo K, Suto K, Matsumoto K, García C, Sonoki T, 

Sanchez-Monedero MA. Chemical and biochemical 

characterisation of biochar-blended composts prepared 

from poultry manure. Bioresour. Technol. 2012; 110:396-

404. 

51. Kachroo D, Dixit AK, Bhat AK. Decomposition of 

various residues and their nutrient release pattern under 

Alfisols of Jammu Region. J Indian Soc. Soil Sci. 2006; 

54 (3):342-344. 

52. Kara O, Bolat I. The effect of different land uses on soil 

microbial biomass carbon and nitrogen in Bartin 

Province. Turkish J Agri. Forestry. 2008; 32:281-288. 

53. Karami A, Homaee M, Afzalinia S, Ruhipour H, Basirat 

S. Organic resource management: impacts on soil 

aggregate stability and other soil physico-chemical 

properties. Agric. Ecosyst. Environ. 2012; 148:22-28. 

54. Kumar Shrvan, Garg Ashok K, Aulakh MS. Effect of 

Conservation Agriculture Practices on Physical, 

Chemical and Biological Attributes of Soil Health Under 

Soybean– Rapeseed Rotation. Agric Res, 2016. DOI 

10.1007/s40003-016-0205-y 

55. Lal R. Evolution of the plough over 10,000 years and the 

rationale for no-till farming. Soil Till Res. 2007; 93:1-12. 

56. Lisboa CC, Conant RT, Haddix ML, Cerri CEP, Cerri 

CC. Soil carbon turnover measurement by physical 

fractionation at a forest-to-pasture chronosequence in the 

Brazilian amazon. Ecosystems. 2009; 12:1212-1221. 

57. Lorenz K, Lal R, Donald LS. The depth distribution of 

soil organic carbon in relation to land use and 

management and the potential of carbon sequestration in 

subsoil horizons. Adv. Agron. 2005; 88:35-66. 

58. Lu N, Liu X, Du Z, Wang Y, Zhang Q. The effect of 

biochar on soil respiration in the maize growing season 

after 5 years of consecutive application. Soil Res. 2014; 

52:505-512. 

59. Lu F, Wang XK, Han B, Ouyang ZY, Duan XN, Zheng 

HUA, Miao H. Soil carbon sequestrations by nitrogen 

fertilizer application, straw return and no-tillage in 

China’s cropland. Global Change Biol. 2009; 15:281-

305. 

60. Luo Z, Wang E, Sun OJ. Can no-tillage stimulate carbon 

sequestration in agricultural soils? A meta-analysis of 

paired experiments. Agric. Ecosyst. Environ. 2010; 

139:224-231. 

61. Madari B, Machado PLOA, Torres E, de Andrade AG, 

Valencia LIO. No tillage and crop rotation effects on soil 

aggregation and organic carbon in a Rhodic Ferralsol 

from southern Brazil. Soil Till Res. 2005; 80:185-200. 

62. Majumder B, Mandal B, Bandyopadhyay PK, 

Gangopadhyay A, Mani PK, Kundu AL, et al. Organic 

amendments influence soil organic carbon pools and crop 

productivity in a 19 years old rice-wheat agro-ecosystem. 

Soil Sci. Soc. Am. J. 2008; 72:775-785. 

63. Majumder SP, Kundu DK, Nayak AK, Ghosh Debjani. 

Soil Aggregation and Associated Organic Carbon as 

Affected by Long Term Application of Fertilizer and 

Organic Manures under Rice-Wheat System in Middle 

Gangetic Plains of India. J Agri. Physics. 2015; 

15(2):113-121. 

64. Mandal B, Majumder B, Adhya TK, Bandyopadhyay PK, 

Gangopadhyay A, Sarkar D, et al. Potential of double-

cropped rice ecology to conserve organic carbon under 

subtropical climate. Glob. Chang. Biol. 2008; 14:2139-

2151. 

65. Mandal B, Majumder B, Bandyopadhyay PK, Hazra GC. 

Gangopadhyay A, Samantaray RN, et al. The potential of 

cropping systems and soil amendments for carbon 



 

~ 258 ~ 

Journal of Pharmacognosy and Phytochemistry 
sequestration in soils under long-term experiments in 

subtropical India. Global Change Biol. 2007; 13:357-369. 

66. Ma L, Yang LZ, Xia LZ, Shen MX, Yin SX, Li YD. 

Long-term effects of inorganic and organic amendments 

on organic carbon in a paddy soil of the Taihu Lake 

Region, China. Pedosphere. 2011; 21:186-196. 

67. Manna MC, Bhattacharyya P, Adhya TK, Singh M, 

Wanjari RH, Ramana S, et al. Carbon fractions and 

productivity under changed climate scenario in soybean–

wheat system. Field Crop. Res. 2013; 145:10-20. 

68. Manna MC, Singh Muneshwar, Wanjari RH, Asit 

Mandal, Patra AK. Carbon Sequestration: Nutrient 

Management. Encyclopedia of Soil Science, Third 

Edition, 2017. DOI: 10.1081/ E-ESS3-120052914 

69. Martens DA. Plant residue biochemistry regulates soil 

carbon cycling and carbon sequestration. Soil Bio. 

Biochem. 2000; 32:361-369. 

70. Mikha MM, Rice CW. Tillage and manure effects on soil 

and aggregate associated carbon and nitrogen. Soil Sci. 

Soc. Am. J. 2004; 68:809-816. 

71. Mina BL, Saha S, Kumar N, Srivastva AK, Gupta HS. 

Changes in soil nutrient content and enzymatic activity 

under conventional and zero tillage practices in an Indian 

sandy clay loam soil. Nutr Cycl Agroecosyst, 2008. 

doi:10.1007/S10705-008-9189-8 

72. Mishra U, Ussiri DAN, Lal R. Tillage effects on soil 

organic carbon storage and dynamics in Corn Belt of 

Ohio USA. Soil Till. Res. 2010; 107:88-96. 

73. Moran KK, Six J, Horwath WR, van Kessel C. Role of 

mineral nitrogen in residue decomposition and stable soil 

organic matter formation. Soil Sci. Soc. Am. J. 2005; 

69:1730-1736. 

74. Nannipieri P, Giagnoni L, Renella G, Puglisi E, Ceccanti 

B, Masciandaro G, et al. Soil enzymology: Classical and 

molecular approaches. Biol. Fertil. Soils. 2012; 48:743-

762. 

75. Naresh RK, Gupta RK, Gajendra Pal, Dhaliwal SS, 

Kumar D, Kumar V, et al. Tillage crop establishment 

strategies and soil fertility management: resource use 

efficiencies and soil carbon sequestration in a rice-wheat 

cropping system. Eco. Env. & Cons. 2015; 21:127-134.  

76. Naresh RK, Gupta RK, Dhaliwal SS, Kumar Arvind 

Rathore RS, Kumar Dipender, Kumar Ashok, Kumar 

Sunil, Kumar Mukesh, Tyagi Saurabh, Kumar Yogesh, 

Mahajan Nihal Chandra, Singh,S.P. 2017. Carbon, 

Nitrogen Dynamics and Soil Organic Carbon Retention 

Potential after 16 years by different land uses and 

Nitrogen Management in Typic Ustochrept Soil. Paddy 

Water Environment (In press). 

77. Naresh RK, Panwar AS, Kumar Ashok, Bhaskar S, 

Dhaliwal SS, et al. Long term effects of tillage and 

residue management on soil aggregation and soil carbon 

sequestration under rice–wheat cropping system in Typic 

Ustochrept soil of Uttar Pradesh. Soil Till Res, 2017. 

(Submitted) 

78. Nascente, Adriano Stephan, Yuncong, Li. Crusciol 

Carlos Alexandre Costa. Soil Aggregation, Organic 

Carbon Concentration, and Soil Bulk Density as Affected 

by Cover Crop Species in a No-Tillage System R. Bras. 

Ci. Solo, 2015; 39:871-879. 

79. Ochoa CG, Shukla MK, Lal R. Macro-aggregate-

associated physical and chemical properties of a no-

tillage chronosequence in a Miamian soil. Can. J. Soil 

Sci. 2009; 89:319-329. 

80. Raju RA, Reddy MN. Integrated management of green 

leaf, compost, crop- residues and inorganic fertilizers in 

rice (Oryza, sativa) - rice system. Indian J Agron. 2000; 

45:629-635. 

81. Razafimbelo TM, Albrecht A, Oliver R, Chevallier T, 

Chapuis-Lardy L, Feller C. Aggregate associated-C and 

physical protection in a tropical clayey soil under 

Malagasy conventional and no-tillage systems. Soil Till 

Res. 2008; 98:140-149. 

82. Riley H. Grain yields and soil properties on loam soil 

after three decades with conservation tillage in southeast 

Norway. Acta Agric. Scand. B: Soil Plant. 2014; 64:185-

202. 

83. Schjønning P, de Jonge LW, Munkholm LJ, Moldrup P, 

Christensen BT, Olesen JE. Clay dispersibility and soil 

friability—testing the soil clay-to-carbon saturation 

concept. Vadose Zone J1, 2012. 

http://dx.doi.org/10.2136/vzj2011.0067.  

84. Schjønning P, Munkholm LJ, Elmholt S, Olsen JE. 

Organic matter and soil tilth in arable farming: 

management makes a difference within 5–6 years. Agric. 

Ecosyst. Environ 2007; 122:157–172. 

85. Seema Sepat, Seema, Behera, UK, Sharma R, Das TK 

and Bhattacharyya R. 2016. Productivity, Organic 

Carbon and Residual Soil Fertility of Pigeonpea–Wheat 

Cropping System under Varying Tillage and Residue 

Management. Proc. Natl. Acad. Sci., India, Sect. B Biol. 

Sci. DOI 10.1007/s40011-014-0359-y 

86. Sharma SN. Effect of residue management practices and 

nitrogen rates on chemical properties of soil in a rice 

(Oryza sativa)-wheat (Triticum aestivum) cropping 

system. Indian J Agric. Sci 2001; 71:293-295. 

87. Singh G, Jalota SK, Singh Y. Manuring and residue 

management effects on physical properties of a soil under 

the rice–wheat system in Punjab. Soil Till. Res. 2007; 

94:229-238. 

88. Six J, Elliott ET, Paustian K. Aggregate and soil organic 

matter dynamics under conventional and no-tillage 

systems. Soil Sci. Soc. Am. J. 1999; 63:1350-1358. 

89. Six J, Elliott ET, Paustian K. Soil macro-aggregate 

turnover and micro-aggregate formation: a mechanism 

for C sequestration under no-tillage agriculture. Soil Biol. 

Biochem 2000; 32:2099-2103. 

90. Six J, Conant RT, Paul EA, Paustian K. Stabilization 

mechanisms of soil organic matter: implications for C-

saturation of soils. Plant Soil 2002; 241:155-176. 

91. Sodhi GPS, Beri V, Benbi DK. Soil aggregation and 

distribution of carbon and nitrogen in different fractions 

under long-term application of compost in rice-wheat 

system. Soil Till. Res. 2009; 103:412-418. 

92. Soon YK, Arshad MA. Tillage and liming effects on crop 

and labile soil nitrogen in an acid soil. Soil Till. Res 

2005; 80:23–33. 

93. Song Ke, Yang Jianjun, Yong Xue, Weiguang Lv, 

Xianqing Zheng, Jianjun Pan. 2016. Influence of tillage 

practices and straw incorporation on soil aggregates, 

organic carbon, and crop yields in a rice-wheat rotation 

system. Scientific Reports | 6:36602 | DOI: 

10.1038/srep36602 

94. Souza ED, Costa S, Anghinoni I, Carvalho PCF, 

Andrigheti MH, Cao EG. Soil organic carbon and 

nitrogen stocks in an untilled crop-livestock system under 

different grazing intensities. R Bras Ci Solo. 2009; 

33:1829-36. 



 

~ 259 ~ 

Journal of Pharmacognosy and Phytochemistry 
95. Spedding TA, Hamel C, Hamel MGR, Madramootoo CA. 

Soil microbial dynamics in maize-growing soil under 

different tillage and residue management systems. Soil 

Bio Biochem. 2004; 36:499-51 

96. Srinivas K, Singh HP, Vanaja M, Raju AS, Sharma KL. 

Effect of chemical composition of plant residues on 

nitrogen mineralization. J Indian Soc. Soil Sci. 2006; 

54(3):300-306. 

97. Srinivasan V, Maheswarappa HP, Lal R. Long term 

effects of topsoil depth and amendments on particulate 

and non-particulate carbon fractions in a Miamian soil of 

Central Ohio. Soil Till Res. 2012; 121:10-17. 

98. Sui YY, Jiao XG, Liu XB, Zhang XY, Ding GW. Water-

stable aggregates and their organic carbon distribution 

after five years of chemical fertilizer and manure 

treatments on eroded farmland of Chinese Mollisols. Can. 

J Soil Sci. 2012; 92:551-557. 

99. Sun HY, Wang CX, Wang XD, Rees RM. Changes in 

soil organic carbon and its chemical fractions under 

different tillage practices on loess soils of the 

Guangzhong plain in north-west China. Soil Use Manag. 

2013; 29:344-353. 

100. Tresder KK, Morris SJ, Allen MF. The contribution of 

root exudates, symbionts, and detritus to carbon 

sequestration in the soil”. In Roots and Soil Management: 

Interactions Between Roots and the Soil, Edited by: 

Zobel, R. W. and Wright, S. F. 145–162. Madison, WI. 

USA: ASA, CSSA, SSSA Inc, 2005. 

101. Vasconcelos RFB, Cantalice JRB, Oliveira VS, Costa 

YDJ, Cavalcante DM. Aggregate stability in a dystrophic 

cohesive Yellow Latosol of a coastal plain under 

different sugarcane residue application. R Bras Ci Solo. 

2010; 34:309-16. 

102. Verhulst N, Kienle F, Sayre KD, Deckers J, Raes D, 

Limon- Ortega A, et al. Soil quality as affected by 

tillage-residue management in wheat- maize irrigated bed 

planting system. Plant Soil. 2011; 340:453-466. 

103. Wang J, Yin R, Zhang H, Lin X, Chen R, Qin S. Changes 

in soil enzyme activities, microbial biomass, and soil 

nutrition status in response to fertilization regimes in a 

long-term field experiment. Eco. Environ. 2007; 16:191-

196. 

104. Wang QJ, Lu CY, Li HW, He J, Sarker KK, Rasaily RG, 

et al. The effects of no-tillage with subsoiling on soil 

properties and maize yield: 12-year experiment on 

alkaline soils of Northeast China. Soil Till Res. 2014; 

137:43-49. 

105. Wright AL, Hons FM. Tillage impacts on soil 

aggregation and carbon and nitrogen sequestration under 

wheat cropping sequences. Soil Till Res. 2005; 84:67-75. 

106. Wu F, Jia Z, Wang S, Chang S, Startsev A. Contrasting 

effects of wheat straw and its biochar on greenhouse gas 

emissions and enzyme activities in a Chernozemic soil. 

Biol. Fertil. Soils. 2013; 49:555-565. 

107. Yadvinder-Singh Gupta RK, Jagmohan-Singh Gurpreet-

Singh, Gobinder-Singh, Ladha JK. Placement effects on 

rice residue decomposition and nutrient dynamics on two 

soil types during wheat cropping in rice–wheat system in 

northwestern India. Nutrient Cycling Agroecosyst. 2010; 

88:471-480 

108. Yang ZP, Zheng SX, Nie J, Liao YL, Xie J. Effects of 

long-term winter planted green manure on distribution 

and storage of organic carbon and nitrogen in water-

stable aggregates of reddish paddy soil under a double-

rice cropping system. J Integ. Agric. 2014; 13:1772-1781. 

109. Yu H, Ding W, Lue J, Geng R, Cai Z. Long-term 

application of organic manure and mineral fertilizers on 

aggregation and aggregates associated carbon in as sandy 

loam soil. Soil Till. Res. 2012; 124:170-177. 

110. Yu HY, Ding WX, Luo JF, Donnison A, Zhang JB. 

Long-term effect of compost and inorganic fertilizer on 

activities of carbon-cycle enzymes in aggregates of an 

intensively cultivated sandy loam. Soil Use Manag. 

2012a; 28:347-360. 

111. Yu H, Ding W, Luo J, Geng R, Ghani A, Cai Z. Effects 

of long-term compost and fertilizer application on 

stability of aggregate-associated organic carbon in an 

intensively cultivated sandy loam soil. Biol. Fertil. Soils. 

2012c; 48:325-336. 

112. Zhang D, Hui D, Luo Y. Rates of litter decomposition in 

terrestrial ecosystems: global patterns and controlling 

factors. J Plant Eco. 2008; 2:85-93. 

113. Zhang W, Sun Y, Li Y, J Li. Effect of activated charcoal 

treatment on the activities of soil enzymes of continuous 

cropping cotton field. Xinjiang Agri Sci. 2009; 46:789-

792. 

114. Zhang HJ, Yu HY, Ding WX. The influence of the long-

term application of organic manure and mineral fertilizer 

on microbial community in calcareous fluvo-aquic soil. 

Acta Ecologica Sinica, 2011; 31:3308-3314. 

115. Zhang Q, Wang X, Du Z, Liu X, Wang Y. Impact of 

biochar on nitrate accumulation in an alkaline soil. Soil 

Res. 2013a; 51:521-528. 


