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Conservation tillage and integrated nutrient 

management impact on soil organic carbon fractions, 

labile soil organic matter pools and microbial community 

under rice-wheat cropping system: A review 

 
Rajaram Choudhary, RK Naresh, M Sharath Chandra, Nimay Chandra 

Giri, K Lokeshwar and Himanshu Tiwari 

 
Abstract 
Soil tillage can affect the stability and formation of soil aggregates by disrupting soil structure. Frequent tillage 

deteriorates soil structure and weakens soil aggregates, causing them to be susceptible to decay. Physical, 

chemical, and biological fractions of SOC pools, such as coarse particulate organic matter C (CPOM-C), 

microbial biomass carbon (MBC), and mineralizable C (Cmin) respond to changes in management practices and 

provide sensitive indication of changes in the SOC dynamics than commonly reported total soil C alone. POC 

reduction was mainly driven by a decrease in fine POC in topsoil, while DOC was mainly reduced in subsoil. 

Fine POC, LFOC and microbial biomass can be useful early indicators of changes in topsoil organic C. In 

contrast, LFOC and DOC are useful indicators for subsoil. Reduced proportions of fine POC, LFOC, DOC and 

microbial biomass to soil organic C reflected the decline in soil organic C quality caused by tillage and straw 

Management practices. Average 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. Compared to F1 control treatment the 

RDF+FYM treatment sequestered 0.33 Mg C ha-1 yr-1 whereas the NPK treatment sequestered 0.16 Mg C ha-1 

yr-1. The difference of total SOC stocks between NT and CT decreased with soil depth, confirming that the 

SOC benefits of NT are concentrated to the immediate topsoil still subject to direct seeding. 

The plots under ZT had nearly 11% and12% higher total SOC and particulate organic matter-C (POM-C) 

concentrations, respectively, compared with CT (~12 and 4 g kg-1 soil, in that order) plots in the 0- to 5-cm soil 

layer. Plots under F4 and F5 had significantly higher total SOC and POM-C contents than F2 and F3 treated plots 

in both soil layers. Although the labile pools of SOC were positively affected by ZT and fertilization, the 

recalcitrant pool was not. Plots under ZT had higher macro-aggregates, mean weight diameter (MWD), and 

macro-aggregate-associated SOC compared with CT in the surface soil layer only. Similarly, F4 or F5 treated 

plots had higher macro-aggregates, MWD, and macro-aggregate-associated SOC compared with F1, F2, or F3 

treated plots in that layer.  

Labile organic carbon (LOC) fractions and related microbial community in soils are considered to be early and 

sensitive indicators of soil quality changes. The tillage treatments significantly influenced soil aggregate 

stability and OC distribution. Higher MWD and GMD were observed in plowing every 2 years (2TS), plowing 

every 4 years (4TS) and no plowing (NTS) as compared to plowing every year without residue (T). With 

increasing soil depth, the amount of macro-aggregates and MWD and GMD values were increased, while the 

proportions of micro-aggregates and the silt+ clay fraction were declined. The OC concentrations in different 

aggregate fractions at all soil depths followed the order of macro-aggregates>micro-aggregates>silt+ clay 

fraction. In the 0-5 cm soil layer, concentrations of macro-aggregate-associated OC in 2TS, 4TS and NTS were 

14, 56 and 83% higher than for T, whereas T had the greatest concentration of OC associated with the silt+ clay 

fraction in the 10-20 cm layer. Total organic C increased significantly with the integrated use of fertilisers and 

organic sources (from 13 to 16.03 g kg–1) compared with unfertilized control (11.5 g kg–1) or sole fertiliser 

(NPKZn; 12.17 g kg–1) treatment at 0–7.5 cm soil depth. Averaged across soil depths, labile fractions like 

microbial biomass C (MBC) and permanganate-oxidisable C (PmOC) were generally higher in treatments that 

received farmyard manure (FYM), sulfitation pressmud (SPM) or green gram residue (GR) along with NPK 

fertiliser, ranging from 192 to 276 mg kg–1 and from 0.60 to 0.75 g kg–1 respectively compared with NPKZn 

and NPK + cereal residue (CR) treatments, in which MBC and PmOC ranged from 118 to 170 mg kg–1 and 

from 0.43 to 0.57 g kg–1 respectively. Oxidisable organic C fractions revealed that very labile C and labile C 

fractions were much larger in the NPK+FYM or NPK+GR+FYM treatments, whereas the less-labile C and 

non-labile C fractions were larger under control and NPK+ CR treatments. 

 

Keywords: tillage and fertilization, rice-wheat system, soil organic carbon (SOC), labile carbon fractions 

 

Introduction 

Soils on Earth contain approximately 2,344 Gt organic carbons (C), which is three times more 

C than in the atmosphere, and soil is often regarded as the second largest organic C pool after 

the ocean (Stockmann et al., 2013) [37]. 
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The labile fractions of carbon are susceptible to short-term 

turnover. Because LOC has a much shorter turnover time and 

greater turnover rate than more stable organic carbon in soils, 

it responds more quickly to changes in management practices. 

The strong biological activity of LOC fractions means that 

they play a crucial role in carbon cycling, and they may be 

regarded as early and sensitive indicators of soil organic C 

(SOC) changes (Banger et al., 2010) [1]. 

Fertilization and organic matter input to soil through 

management practices such as balanced fertilization (NPK 

application) and integrated nutrient management through 

NPK + FYM or PM application increase the SOC content 

(Bhattacharyya et al., 2011) [3] and enhance soil aggregation 

(Naresh et al., 2015). Farmyard manure largely consists of 

coarse particles of organic materials that produces transient 

binding agents and increases microbial activity in soils upon 

decomposition (Gulde et al., 2008) [14]. Poultry manure 

consists of fine as well as coarse particles of organic materials 

that also improve soil aggregation. Hence, animal manure 

application has a positive impact on aggregation that may lead 

to a greater physically protected SOC and thus is a potential 

technique for increased SOC stabilization and C 

sequestration. Thus, it is very imperative to better understand 

conservation tillage and manure addition effects on the 

process of C stabilization. 

Labile organic carbon is easily mineralized, and it is directly 

available for microbial activity. It originates from the 

decomposition of plant litter, root exudates, hydrolysis of soil 

organic matter, microbes, and their metabolic products (Liu et 

al., 2006) [20]. Dissolved organic carbon (DOC) refers to 

organic carbon in the soil solution, which is directly involved 

in soil biochemical process (Jin et al., 2020) [18]. Particulate 

organic carbon (POC) is determined by particle size. It 

consists of un-decomposed or semi-decomposed microbial 

biomass, plants, and root residues (Bongiorno et al., 2019) [4]. 

Permanganate oxidizable carbon (POXC) and microbial 

biomass carbon (MBC) are important carbon fractions that 

regulate key processes such as nutrient cycling and its 

availability, soil aggregation, and soil carbon accrual (Culman 

et al., 2012) [7]. Labile organic carbon fractions include 

various components, characterized by short turnovers; hence, 

they are considered to be more sensitive indicators of 

agricultural managements, as compared to SOC (Nandan et 

al., 2019) [27]. Soil aggregates are basic units of soil structure. 

Aggregate-protected soil organic matter is an important 

platform for organic carbon stabilization (Okolo et al., 2020) 
[29]. It is reported that macro-aggregates (>0.25 mm) make a 

larger contribution to SOC accumulation than micro-

aggregates (Six et al., 2000) [34]. 

In the present review study, we hypothesized that long-term 

application of crop straw would increase soil organic matter 

(SOM) quality by increasing LOC fractions and by 

stimulating related microbial community activities secreted by 

microorganisms. We sought to document specific changes in 

LOC pools, the potential activities of soil microbial 

community related to conservation tillage, and the 

relationships among LOC fractions and microbial community 

activities. The objectives of this study were to: (1) investigate 

the effects of continuous organic and organic plus inorganic 

fertilizers (INM) management on total SOC and labile 

fractions of SOC; (2) examine the effects of organic plus 

inorganic fertilizers on potential microbial community 

activities related to conservation tillage; (3) the relationships 

among LOC fractions and potential microbial community 

activities; and (4) explore the carbon pool management index 

(CPMI) as an early indicator of changes in SOM quality. 

 

Soil Organic Carbon Distribution 

Shen et al. (2021) [33] reported that the content of SOC was 

higher in micro-aggregates than in macro-aggregates under all 

tillage treatments. Furthermore, there was a trend that SOC 

content substantially increased with the decrease in aggregate 

particle sizes in RT, SS, and NT treatments. However, in DP 

treatment there was no statistical difference in the organic 

carbon contents among four sizes of macro-aggregates. 

Compared to RT treatment, NT treatment showed 

significantly higher organic carbon content in >5 mm in 2–1 

mm and <0.25 mm aggregates. Organic carbon content in DP 

treatment was higher than RT in >5 mm aggregates, while it 

was lower in 1–0.25 mm and, <0.25 mm aggregates. Besides, 

SS treatment also had lower organic carbon content than RT 

treatment in 1–0.25 mm and <0.25mm aggregates (Fig.1a). 

Guo et al. (2019) [15] revealed that fertilizer applications 

significantly increased the amount of TOC, POC, and MOC 

compared to the CK when only a depth of 0–5 cm was 

considered (Fig.1b). Significant accumulation of TOC, POC, 

and MOC at a depth of 0–15 cm occurred in accordance with 

their concentration (Fig.1b). On average, the mean TOC, 

POC, and MOC contents in the 0–40 cm layer were 14.8–

51.9%, 48.9–146.9%, and 3.9–23.3% higher, respectively, 

after long-term mineral or organic fertilization compared to 

those in the CK soil. MOC accounted for about 51.5–88.2% 

of TOC at a depth of 0–40 cm and, therefore, represented the 

majority of the soil organic carbon, while POC has a minor 

TOC proportion 11.8–48.5%. 

 

 
 

Fig 1a: Effects of tillage on SOC content in aggregates. Different filling types refer to different treatments. RT: rotary tillage, DP: deep 

ploughing, SS: subsoiling, NT: no tillage [Source: Shen et al., 2021] [33]. 

http://www.thepharmajournal.com/


 

~ 741 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

 
 

Fig 1b: Effects of fertilizer system on soil organic carbon content [Source: Guo et al., 2019] [15]. 

 

Choudhary et al. (2014) [6] revealed that compared to 

conventional tillage, water stable macro-aggregates in 

conservation 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 >2 mm and 0.1–

0.05 mm size fractions, respectively. 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 

g kg−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 (>2–0.25 mm) 

under both surface (67.1%) and sub-surface layers (66.7%) 

leaving rest amount in micro-aggregates and ‘silt + clay’ sized 

particles. 

Naresh et al. (2017) [28] indicates that SOC generally 

accumulates with increasing rate of N fertilizer application. 

The average N fertilizer rate to achieve maximum SOC 

sequestration (0.28 Mg C ha-1 yr-1) was 171 kg Nha-1yr-1 well 

within the range of values often reported to maximize cereal 

crop yields. However, when considering the C costs of N 

fertilizer (i.e. manufacturing, distribution and application), the 

optimum N fertilizer rate was 107-120 kgha-1yr-1 based on C 

costs of 0.98 [0.86 + 0.08 + 0.04] to 1.23 kg C kg-1 for 

production, application, and liming components, respectively. 

Zibilsk et al. (2002) reported that the No-till resulted in 

significantly greater soil organic C in the top 4 cm of soil, 

where the organic C concentration was 58% greater than in 

the top 4 cm of the plow-till treatment. In the 4–8 cm depth, 

organic C was 15% greater than the plow-till control [Fig.2a]. 

The relatively low amount of readily oxidizable C (ROC) in 

all tillage treatments suggests that much of the soil organic C 

gained is humic in nature which would be expected to 

improve C sequestration in this soil [Fig.2b]. 

 

 

 
 

Fig 2(a): Soil organic carbon by depth after 9 years of no-till, ridge-till or plow-till treatment [Source: Zibilsk et al., 2002] 
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Fig 2(b): Readily oxidizable soil carbon by depth after 9 years of no-till, ridge-till or plow-till treatment [Source: Zibilsk et al., 2002] 

 

Jacinthe and Lal, (2009) [17] concluded that the rates of C 

sequestration were estimated from the temporal trend in the 

recent SOC pool (0– 40 cm in NR (23.2 Mg C ha−1), 9-yr MP 

(32.9 Mg C ha−1) and 13-yr MP (33 Mg C ha−1), and ranged 

between 0.8 and 0.25 Mg C ha−1 yr−1 during the first and 

second decades of restoration. Despite a similar amount of 

crop residue returned (2.8 Mg C ha−1 yr−1), recent SOC under 

13-yr NT (36.8 Mg C ha−1) exceeded that under 13-yr MP by 

3.8 Mg C ha−1. 

Huggins et al. (2014) revealed that tillage by crop sequence 

interactions occurred as treatments with MP and SS as well as 

fallow averaged 135 Mg SOC ha-1 (0- to 45-cm depth), while 

CP treatments with corn (CC and CS) and NT with CC 

averaged 164 Mg SOC ha-1. Crop sequence effects on SOC 

(0- to 45-cm depth) occurred when tillage was reduced with 

CP and NT averaging 15% greater SOC in CC than SS. Depth 

distributions of SOC provide further data on interactive 

effects of tillage and differences in crop C inputs associated 

with crop sequence. Under reduced tillage (CP and NT), the 

SOC in CC was significantly greater than in SS at all depths 

with the exception of the 15- to 30-cm depth in NT. In 

addition to less C inputs than CC, SS accelerated rates of SOC 

decomposition. Tillage effects on SOC were greatest in CC 

where CP had 26% and NT 20% more SOC than MP, whereas 

SOC in SS was similar across tillage treatments. Up to 33% of 

the greater SOC under CC for CP and NT, compared with 

MP, occurred below tillage operating depths. Substantial 

losses of SOC were estimated (1.6 Mg SOC ha-1 yr-1) despite 

lowering SOC decay rates with reduced tillage and high levels 

of C inputs with CC. 

Miao et al. (2018) [26] also found that the content of soil 

microbial biomass C (SMBC) and soil soluble organic C 

(SSOC) decreased with soil depth (Fig. 3a). The SMBC 

content at the 0–60 cm depth under the SM and RF treatments 

was significantly higher than that of the FA soil. SMBC 

content did not significantly differ among the soil samples 

subjected to the CC, SM, and RF treatments, with the 

exception of the 0–20 cm depth. The SSOC content of soil 

samples subjected to the CC, SM, and RF treatments was 

greater than that of the FA soil. The N fertilization rates 

showed no distinct effect on the content of SMBC or SSOC at 

the 0–60 cm soil depth.  

Figure 3a showed that about 50% of SOC stock was 

accumulated in the upper 40 cm depth. At the 0–20 cm depth, 

SOC stock increased by 3.4%, 13.3%, and 10.1%, 

respectively, in the soil samples subjected to the CC, SM, and 

RF treatments, in comparison to that of the FA soil. Similar to 

the SOC stock, the SIC stock at the 0–40 cm depth accounted 

for 75.9%–78.8% of total SIC stock (Fig. 3b). Average SIC 

stock significantly increased by 7.6%–9.9% at the 0–20 cm 

depth, 19.1%–24.6% at the 20–40 cm depth, and 38.2%–

39.6% at the 40–60 cm depth at the soil samples subjected to 

the CC, SM, and RF treatments, respectively, in comparison 

to that of the FA soil. 

The SOC stocks at the 0–100 cm depth subjected to different 

N application rates were in the following decreasing order: 

N120 (86.3 Mg/hm2)>N0 (85.3 Mg/hm2)>N240 (84.3 

Mg/hm2) (Fig. 3c). On the contrary, SIC stock decreased as 

the rate of N addition increased (Fig. 3d). At the 0–100 cm 

depth, SOC stocks ranged from 83.7 to 85.8 Mg/hm2, and did 

not significantly differ among the fallow and the tested 

cultivation treatments. SIC stocks ranged from 58.8 to 70.0 

Mg/hm2 among the soil samples. SIC stock was significantly 

increased by 18.7% in the soil samples subjected to the crop 

cultivation treatments in comparison to that of the FA soil 

(Fig. 4a). 

N fertilization rates did not affect SOC, SIC, or total carbon 

(TC) stock for the entire 0–100 cm soil depth (Fig. 4b). SOC 

content accounted for 54.3%–59.0% of TC within the 0–100 

cm soil depth, whereas SIC content accounted for 41.0%–

45.7%. 
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Fig 3a: Stocks of soil organic carbon (SOC) and soil inorganic carbon (SIC) under different cultivation practices (a, b) and N fertilization rates 

(c, d). FA, fallow; CC, conventional cultivation; SM, straw mulch; RF, plastic film-mulched ridge and straw-mulched furrow; N0, 0 kg N/hm2; 

N120, 120 kg N/hm2; N240, 240 kg N/hm2 [Source: Miao et al., 2018] [26] 

 

 
 

Fig 3b: Stocks of soil organic C (SOC), soil inorganic C (SIC), and total C (TC=SOC+SIC) for the entire 0–100 cm soil depth under different 

cultivation practices (a) and N fertilization rates (b). FA, fallow; CC, conventional cultivation; SM, straw mulch; RF, plastic film-mulched ridge 

and straw-mulched furrow; N0, 0 kg N/hm2; N120,120 kg N/hm2; N240, 240 kg N/hm2 [Source: Miao et al., 2018] [26] 

 

Manjaiah and Singh (2001) [24] also found that inorganic 

fertilizers plus organic material increased the SOC content of 

the soil. The reasons for the higher SOC in manure soils at 

deeper depths include the following. First, the crop rooting 

depth between organic manure and inorganic fertilizer soils 

differ. The organic manure soils can be favorable for the 

growth of roots into deeper layers due to the relatively loose 

soil and high soil water content. Second, SOC in organic 

manure soils can also move to lower depths through 

earthworm burrows and leaching (Lorenz et al., 2005) [22]. 

Applying straw with N and P fertilizer (NP+S) had the highest 

total C input yet decreased SOC concentration over the FYM 

with NP fertilizer treatment. As NP+FYM treatment 

significantly increased SOC concentration, this suggests that 

animal manure is more effective in building soil C than straw, 

possibly due to the presence of more humified and recalcitrant 

C forms in animal manure as compared to the straw. For the 

inorganic fertilizer treatment, the optimum application of 

inorganic fertilizer NP treatment showed a higher SOC 

concentration over the application of inorganic fertilizer N 

treatment at all the sampling depths. The optimum 

fertilization results in better plant growth including the root 

biomass which could have added to the SOC particularly as 

indicated in the lower layers. 

Gami et al. (2009) [13] also reported a significant increase in 

SOC stocks to 60 cm depth under three 23–25-year-old long-
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~ 744 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

term fertility experiments in the Nepal, with application of 

manure and inorganic fertilizer. Within 1 m soil depth, the 

cumulative distribution of SOC in the CK, N, NP, FYM, 

NP+S and NP+FYM treatments were by 50%, 46%, 51%, 

53%, 54% and 55% in the 0–40 cm layer, and 68%, 68%, 

71%, 72%, 73% and 74% in the 0–60 cm layer, respectively. 

On average the estimate of soil C accumulation to 60 cm 

depth were 267% and 41% greater than that for soil C 

accumulated to 20 cm depth and to 40 cm depth, respectively. 

These findings suggest that the estimate of soil C 

accumulation to 60 cm depth was more effective than that for 

soil C accumulated to 40 cm.  

  

Labile Organic Carbon Fractions Distribution 

Shen et al. (2021) [33] observed that DOC and POXC content 

increased with the decrease in aggregate particle sizes in all 

treatments. Compared with RT treatment, DP and NT 

treatments showed significantly higher DOC content in large 

size macro-aggregates. However, significant lower DOC 

values were found in micro-aggregates in DP treatment. It 

was 1–0.25 mm macro-aggregates that showed the highest 

POC content in RT, DP, and SS treatments, while it was 5–2 

mm in NT treatment. DP, SS, and NT treatments showed 

lower POC content in small size macro-aggregates and micro-

aggregates (Fig.4a). Only NT treatment showed significantly 

higher POC in large macro-aggregates. Compared with RT 

treatment, SS and NT treatments contained lower MBC 

content in all particle sizes aggregates. In DP treatment, there 

were higher values of MBC content in 5–2mm and 2–1mm 

aggregates, while lower values of that in 1–0.25 mm and 

<0.25 mm aggregates than RT. Regarding POXC content, DP 

treatment showed significantly higher POXC content in all 

aggregate sizes. While the values in SS treatment were 

significantly lower (Fig.4a). NT treatment showed higher 

POXC in macro-aggregates but lower values in micro-

aggregates than RT. 

 

 
 

Fig 4a: Effects of tillage on DOC, POC, MBC, and POXC content in aggregates. Shown is the data for: (a) DOC content in aggregates; (b) POC 

content in aggregates; (c) MBC content in aggregates; (d) POXC content in aggregates [Source: Shen et al., 2021] [33] 

 

 
 

Fig 4b: Effects of long-term fertilization and manuring on soil organic carbon (SOC) stock (0–60 cm soil depth) in the rice–wheat system [Das 

et al., 2016] [8] 
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Das et al. (2016) [8] observed that the SOC stock of the 0–60 

cm profile ranged from 67.9 to 83.1Mgha–1 under different 

nutrient management options (Fig. 4b). Unfertilized control 

had the lowest SOC stock, which was statistically at par with 

sole fertilizer treatments or two IPNS treatments (NPK +GR 

and NPK + CR). The SOC stock under NPK+ SPM treatment 

was significantly greater compared with control, and 

increased further in the NPK +FYM and NPK +GR +FYM 

treatments. A significant decline in WBC with increasing soil 

depth was apparent, because the WBC at the 15–30 cm soil 

depth was less than half that at the 0–7.5 cm depth. Highest 

WBC was recorded under the NPK +GR +FYM treatment, 

followed by the NPK + FYM and NPK+ CR or NPK + SPM 

treatments. Application of fertilizers alone also increased 

WBC significantly over that in the unfertilized control, 

although IPNS was generally superior to sole fertilizer use. 

Compared with uncultivated soil, WBC decreased by 14–26% 

at different soil depths under unfertilized control conditions. 

Conversely, RWS with conjoint use of fertilizers and manure 

increased WBC in topsoil (0–7.5 cm) over the years, ranging 

from 24% under the NPK+GR treatment to as high as 58% 

under the NPK +GR +FYM treatment. The corresponding 

magnitude of the increase in WBC at the 7.5–15 cm depth 

over uncultivated soil ranged between 10% and 31%. The 

increases in WBC under sole fertilizer treatments (i.e. NPKZn 

or NPKZnS) were relatively small. The greater improvement 

in WBC with FYM than with SPM observed in the present 

study was due to the fact that SPM is not as rich a source of C 

as FYM (Mandal et al., 2013). 

Dong et al. (2009) [10] suggested that intensive tillage may 

result in less immobilization of soil carbon by 

microorganisms. Six et al. (2000) [34] suggested that the 

development of POC is an important mechanism by which 

organic carbon was stored in no tillage soil. Firstly, soil 

particles combine plant residues into macro-aggregates. Then 

the POC and organic binding agents are polymerized into 

micro-aggregates to be protected. Xiao et al. (2019) [40] 

reported that tillage disturbance increases microbial metabolic 

activity and increased MBC content. This may be caused by 

the releasing of POC in macro-aggregates. Zhong and Zeng, 

(2019) [41] also found that NT treatment might show higher 

MBC content after long-term conservation tillage because of 

its minimum disturbance to microbial habitats. 

Das et al. (2016) [8] reported that among the OOC fractions 

(Table 1), CVL in the 0–7.5, 7.5–15 and 15–30 cm soil depths 

was in the range 1.02–2.51, 0.72–2.09 and 0.58–1.15 g kg–1 

respectively, with corresponding mean values of 1.71, 1.43 

and 0.90 g kg–1. At the 0–7.5 cm soil depth, the lowest CVL 

was seen in the unfertilized control treatment (1.02 g kg–1) 

and CVL increased significantly under IPNS treatments, with 

particularly high values (2.51 g kg–1) the highest CVL values at 

the 7.5–15 and 15–30 cm depths (2.09 and 1.15 g kg–1 

respectively). At 7.5–15 and 15–30 cm soil depths, the lowest 

CVL values were observed under the NPKZn treatment (0.72 

and 0.58 g kg–1 respectively) rather than in the unfertilized 

control. Compared with uncultivated soil, the CVL content was 

lower under control or NPKZn treatments, but was invariably 

greater under treatments using combinations of FYM, GR or 

SPM with NPK fertilizers. The percentage change in CVL over 

uncultivated soil varied from –38% to 109% at different 

depths. Labile C averaged across treatments, CL was highest 

at the 0–7.5 cm depth (2.81gkg–1), followed by the 7.5–15 and 

15–30 cm soil depths (2.13 and 1.11 g kg–1 respectively; 

Table 1). Similarly, across soil depths, the lowest CL content 

was seen in the unfertilized control treatment (1.40 g kg–1), 

whereas the highest was seen in the NPK+GR +FYM 

treatment (2.46 g kg–1). The CL content under the NPK+ FYM 

treatment (2.32 g kg–1) was statistically on par with that in the 

NPK +GR +FYM treatment. Changes in CL under different 

treatments compared with uncultivated soil followed a pattern 

similar to that seen for CVL content. 

Less-labile C like CVL or CL, the CLL content also decreased 

sharply with increasing soil depth (Table 1). However, the 

effects of treatment on CLL differed from those on CVL and CL, 

because CLL was highest under the NPK+ CR treatment, 

followed by the NPKZn treatment (1.16 and 1.09 g kg–1 

respectively). The CLL content under IPNS treatments 

involving GR, FYM or SPM was invariably lower (0.51–0.70 

g kg–1) than that under NPK +CR or sole fertilizer treatments. 

Compared with the adjacent uncultivated soil (Table 1), the 

CLL content was highest under the NPK + CR followed by the 

NPKZn treatment, with increases of 145% and 110% 

respectively at the 0–7.5 cm depth, and 60% and 46% 

respectively at the 7.5–15 cm depth. However, at the 15–30 

cm depth, CLL invariably decreased in all treatments and the 

reduction over uncultivated soil was in the range 15–66%. 

Non-labile C the CNL content at the 0–7.5, 7.5–15 and 15–30 

cm soil depths varied, with values in the range 7.23– 10.07, 

6.73–8.63 and 4.30–6.40 gkg–1 respectively, and 

corresponding mean values of 7.99, 7.73 and 5.39 g kg–1. 

Averaged across treatments, the CNL content at the 0–7.5 and 

7.5–15 cm depths was similar, but decreased significantly at 

the 15–30 cm soil depth. Averaged across soil depths, CNL 

content under the NPK + CR and NPK +GR +FYM 

treatments (7.99 and 7.63 g kg–1 respectively) were 

significantly higher than in the other treatment groups. 

Compared with uncultivated soil, the change in CNL under 

different nutrient supply options was inconsistent, although 

CNL content increased under the NPK +CR treatment by 25–

33% at the 0–7.5 and 7.5–15 depths. Considering overall 

mean values across soil depths and nutrient supply options, 

the abundance of these four OOC fractions was in the order 

CNL (7.04 g kg–1) > CL (2.02 g kg–1) > CVL (1.35 g kg–1) > CLL 

(0.75 g kg–1).  
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Table 1: Oxidisable organic C fractions under long-term fertilization (NPK, NPKZn, NPKZnS) and manure treatments in an Inceptisol of 

Modipuram, India [Source: Das et al., 2016) [8] 
 

Soil Depth (cm) Control NPKZn NPKZnS NPK+FYM NPK+SPM NPK+GR NPK+GR+FYM NPK+CR Mean 

CVL(gkg-1 ) 

0-7.5 1.02(-26) 1.18(-14) 1.91(38) 2.09(51) 1.94(41) 1.75(27) 2.51(82) 1.31(-5) 1.71 

7.5-15 0.91(-9) 0.72(-28) 1.28(28) 1.90(9) 1.82(82) 1.61(61) 2.09(109) 1.13(13) 1.43 

15-30 0.86(-9) 0.58(-38) 0.94(0) 0.94(0) 0.93(-1) 0.83(-12) 1.15(22) 0.96(2) 0.90 

Mean 0.93 0.83 1.38 1.64 1.56 1.40 1.92 1.13  

l.sd.(P<0.05):T=0.10;D=0.06;T x D =0.17 

CL(gkg-1) 

0-7.5 1.71(-29) 2.08(-14) 2.23(-8) 3.36(39) 3.24(34) 3.16(31) 3.69(52) 3.02(25) 2.81 

7.5-15 1.52(-30) 1.83(-16) 2.24(3) 2.38(9) 2.11(-3) 2.23(2) 2.42(11) 2.28(5) 2.13 

15-30 0.98(4) 0.98(4) 1.15(22) 1.21(29) 1.12(19) 1.21(29) 1.26(34) 0.96(2) 1.11 

Mean 1.40 1.63 1.87 2.32 2.16 2.20 2.46 2.08  

l.s.d.(P<0.05):T=0.18;D=0.11;TxD=0.31 

CLL(gkg-1) 

0-7.5 0.63(-6) 1.41(110) 1.03(54) 0.95(42) 0.75(12) 0.70(4) 0.87(30) 1.64(145) 1.00 

7.5-15 0.44(-39) 1.05(46) 0.92(28) 0.72(0) 0.64(-11) 0.50(-31) 0.56(-22) 1.15(60) 0.75 

15-30 0.53(-44) 0.81(-15) 0.54(-43) 0.42(-56) 0.41(-57) 0.32(-66) 0.38(-60) 0.68(-28) 0.51 

Mean 0.53 1.09 0.83 0.70 0.60 0.51 0.60 1.16  

l.sd(P<0.05):T=0.06;D=0.04;TxD=0.10 

CNL(gkg-1) 

0-7.5 8.13(7) 7.50(-1) 7.23(-5) 7.80(3) 7.62(0) 7.40(-3) 8.17(8) 10.07(33) 7.99 

7.5-15 6.73(0) 7.43(9) 6.83(1) 7.97(17) 7.93(16) 8.00(17) 8.37(21) 8.63(25) 7.73 

15-30 4.30(-17) 5.03(-4) 5.33(2) 6.17(19) 5.57(8) 5.07(-2) 6.40(23) 5.27(2) 5.39 

Mean 6.39 6.65 6.47 7.31 7.04 6.82 7.63 7.99  

l.sd(P,0.05): T=0.47; D+0.29:T x D =0.82 

 

Values in parentheses indicate the percentage change over 

uncultivated soil. Control, unfertilized plots; FYM, farmyard 

manure; SPM, sulfitation press mud; GR, green gram residue; 

CR, cereal residue; CVL, very labile C fraction; CL, labile C 

fraction; CLL, less-labile C fraction; CNL, non-labile C 

fraction; T, treatment; D, depth 

Bhardwaj et al. (2019) [2] reported that Oxidizable C was the 

maximum in FYM followed by GM and crop residue (WS, 

RS) treatments in the surface 0.15 m soil (Fig 5a). At the 

lower depths (0.15–0.30 m), there was no significant 

difference in the oxidizable C for any management. At both 

depths O and F accumulated least oxidizable C. VLc (very 

labile C) and LLc (less labile C) fractions constituted a major 

part of soil organic C, for all managements. All integrated 

nutrient management (INM) accumulated a similar amount of 

VLc fraction for all measured depths. GM accumulated the 

maximum Lc fraction at the surface 0–0.15 m. The LLc 

fraction was maximum in FYM which was followed by all 

other integrated nutrient managements. Management O had 

least LLc fraction in surface 0.15 m. There was no difference 

in NLc fraction for any of the treatments, for any measured 

depth. 

There was 46 to 65% decrease in oxidizable C, from the 

surface (0–0.15 m) to lower layer (0.15–0.30 m). Change in 

soil C content was directly related to the C input to the soil 

(Fig. 5a). In general, the most increases were in the VLc and 

the LLc fractions of soil C in all management. With an 

increase in C input, the most significant increase was noticed 

in the Lc (labile C) and the LLc (less labile C) fractions. 

Management FYM had maximum contributions to the LLc 

and the VLc fractions while GM had a maximum contribution 

to Lc. Non-labile (NLc) C fraction changed little with 

increased total C input to the soil in different treatments. 

Moreover, significantly higher carbon sequestration potential 

(CSP) was noted for FYM, GM and WS management, for 

shallower depths (0–0.15 m) (Fig. 5b). For lower depths 

(0.15– 0.30 m), there were no significant differences amongst 

management. Different managements and C inputs led to 

significant variation in bulk density only for surface 0.15 m 

soil. LE and GM had the least bulk density at this depth while 

there were no significant differences at 0.15–0.30 m. 

Consequent of C inputs and bulk density changes; soil C stock 

was maximum in FYM, GM, and WS for 0.15 m. For all 

depths, O had the least organic C stock. Drinkwater et al. 

(1998) [12] had similar observations wherein manure and 

legume-based systems had higher storage of soil carbon and 

nitrogen despite no quantitative differences in C inputs. The 

qualitative differences (C: N ratio, decomposability) 

contributed to differences in soil organic C stocks, thus 

Farmyard manure (FYM) based management involving the 

input of highly decomposed organic matter, with more stable 

C components, not only resulted in higher total C stock but 

also most of it was in less labile fraction (LLc). Legume-

based managements (GM, LE) also had higher organic C 

stock at all depths. This disproves the conventional notion that 

biomass quality in agricultural systems may not play a 

significant role in C storage in soil. 
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Fig 5a: Relationship between carbon (C) input into the soil and soil C fractions under different nutrient management. O = no fertilizer, F = 100% 

inorganic fertilizers, LE = opportunity legume crop (Vigna radiata), GM = green manuring, FYM = farmyard manure, WS = wheat stubble, RS 

= rice stubble [Source: Bhardwaj et al., 2019] [2] 

 

 
 

Fig 5b: Carbon (C) sequestration potential (CSP) and soil C stock under different nutrient management after 10 years of initiation (2005–2015). 

O = no fertilizer, F = 100% inorganic fertilizers, LE = opportunity legume crop (Vigna radiata), GM = green manuring, FYM = farmyard 

manure, WS = wheat stubble, RS = rice stubble, OC = organic carbon, CSP = carbon sequestration potential [Source: Bhardwaj et al., 2019] [2] 

 

Pant et al. (2020) [30] reported that particulate organic carbon 

was found stratified along with soil depths (Fig. 6 (a, b)). A 

higher POC was found in surface soil decreasing with depth 

after harvest of both crops. Maximum POC content was 

obtained in soil at all depths where 100% NPK was applied 

along with FYM followed by 150% NPK. At 0–15 cm, POC 

content under 100% NPK+FYM and 150% NPK treatments 

over control were 551% and 405% higher after rice harvest 

and 445% and 210% higher after wheat harvest, respectively. 

Continuous application of NPK with FYM in rice-wheat 

system resulted in significantly higher POC over control at 0–

15 cm soil depth. Purakayastha et al. (2008) [32] concluded 

that FYM can increase the root biomass and microbial 

biomass debris which is the main source of POC. In 15–30, 

30–45 and 45–60 cm soil layers also had the maximum POC 

in the same treatment significantly higher with other 

treatments. There was greater accumulation of POC due to 

supplementation of FYM with NPK (Nayak et al. 2012). 

Manure, NPK, and Manure + NPK fertilizations increased the 

POC content and its contribution to TOC compared with 

control treatment (Wang et al., 2015) [39]. 
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Fig 6a: Effect of different nutrient management practices on particulate organic carbon (g kg−1 soil) after rice crop [Source: Pant et al., 2020] [30] 

 

 
 

Fig 6b: Effect of different nutrient management practices on particulate organic carbon (g kg−1 soil) after wheat crop [Source: Pant et al., 2020] 

[30] 

 

Pant et al. (2020) [30] also found that the surface soil obtained 

more aggregated C than sub-surface soil after harvest of both 

the crops (Fig. 7 (a, b)). The maximum aggregate carbon 

concentration in soil at all depths was obtained under 100% 

NPK was applied along with FYM followed by 150% NPK 

treatment. The percent increase in both the treatments was 

observed to be 161.6% and 111.7% after rice harvest and 

136.7% and 93.45% after wheat harvest in comparison to 

control, respectively. However, there was subsequent 

decrease in aggregate carbon concentration with increase in 

depth. In the treatment 100% NPK with FYM at 0–15 cm 

depth recorded 683% increment over 45–60 cm after rice 

harvest whereas at the same depth, it was about 612% 

increase over 45–60 cm after wheat harvest. Soil with 100% 

NPK + FYM significantly increased water stable aggregates 

organic carbon contents as compared to the other treatments. 

The microbial action on FYM resulted in the formation of 

organo-mineral complexes leading to aggregation of soil 

particles, which further influenced soil C storage and 

dynamics (Brar et al., 2013) [5]. 
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Fig 7a: Effect of organic and inorganic fertilizers on aggregate carbon (g kg−1 soil) after rice crop [Source: Pant et al., 2020] [30] 

 

 
 

Fig 7b: Effect of organic and inorganic fertilizers on aggregate carbon (g kg−1 soil) after wheat [Source: Pant et al., 2020] [30] 

 

Soil microbial biomass carbon 

SMB is defined as the small (0-4%) living component of soil 

organic matter excluding macro-fauna and plant roots (Dalal, 

1998) [9]. Soil microbial biomass carbon (Cmic) have been 

used as indicators of changes in soil organic matter status that 

will occur in response to alterations in land use, cropping 

system, tillage practice and soil pollution (Sparling et al., 

1992) [36].  

Ma et al. (2016) [23] reported that the proportion of SMBC to 

TOC ranged from 1.02 to 4.49, indicating that TOC is 

relatively low, or due to sampling for the summer after spring 

harvest, when soil temperature is high, the microbial activity 

is relatively strong. The SMBC at all depths (0–90 cm) with a 

sharp decline in depth increased perhaps due to a higher 
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microbial biomass and organic matter content. SMBC was 

significantly higher in PRB in the surface soil layer (0–10 cm) 

than in TT and FB, which showed that no-till and 

accumulation of crop residues enriches the topsoil with 

microbial biomass. Microbial biomass concentrations are 

controlled by the level of SOM and oxygen status.  

Tripathi et al. (2014) [38] observed that the significant positive 

correlations were observed between TOC and organic C 

fractions (POC and SMBC), illustrating a close relationship 

between TOC and POC and TOC and SMBC and that SOC is 

a major determinant of POC and SMBC. The microbial 

biomass carbon includes living microbial bodies (bacteria, 

fungi, soil fauna and algae) (Divya et al., 2014); it is more 

sensitive to soil disturbance than TOC. The proportion of 

SMBC to TOC is evaluation of carbon availability indexes for 

agriculture soil, which is usually 0.5–4.6% (Marumoto and 

Domsch, 1982). 

Liu et al. (2016) [21, 23] also found that the averaged across soil 

depths (0–25 cm depth), MBC of the grassland (1624.1 mg 

kg−1) and forestland (839.1 mg kg−1) were 6.9 and 3.6 times 

more, respectively than those for arable land use (245.9 and 

226.2 mg kg−1 for no tillage (NT) and plow tillage (PT), 

respectively. Similarly, the MBN concentration was 4.1 and 

2.5 times more in grassland (78.0 mg kg−1) and forest (50.0 

mgkg−1) than in arable land (20.0 and 18.0 mg kg−1 for NT 

and PT, respectively, in the 0–25 cm soil layer. The higher 

MBC and MBN concentrations under NT than that of PT 

could be attributed to several factors including higher 

moisture content, more soil aggregation, higher SOC and TN 

concentration, and minimum disturbance, which provide a 

steady source of SOC and TN to support microbial 

community near the soil surface. 

Naresh et al. (2017) [28] reported that the WSC was found to 

be 5.48% higher in surface soil than in sub-surface soil [Table 

2]. In both the depths, T6 treatment had the highest WSC as 

compared to the other treatments studied. Compared to CT, 

FIRB and ZT coupled with 6tha-1 CR increased 35.6% WSC 

in surface soil and 33.1% in sub surface soil. Among all the 

treatments, T6 had significantly higher (19.73%) proportion of 

WSC than the other treatments compared. Irrespective of 

tillage practices, residue retention resulted in 22.56% and 

25.61% higher WSC as compared to the non-residue 

treatments in surface and sub-surface soil, respectively. The 

microbial biomass carbon (MBC) is an important component 

of the SOM that regulates the transformation and storage of 

nutrients. The soil MBC regulates all SOM transformations 

and is considered to be the chief component of the active 

SOM pool. It is evident that the MBC contents in both surface 

and sub-surface soil were significantly higher in plots 

receiving 100% RDN as CF+ VC @ 5tha-1 (F5) and 75% 

RDN as CF+ VC @ 5tha-1 (F4) treated plots compared to 

100% RDN as CF (F2) fertilizer and unfertilized control plots 

[Table 2]. The values of MBC in surface soil varied from 

116.8 mgkg−1 in unfertilized control plot to 424.1 mgkg−1 in 

integrated nutrient use of 100% RDN as CF+ VC @ 5tha-1 

plots, respectively; while it varied from 106.6 mgkg−1 

(control) to 324.9 mgkg−1 (100% RDN as CF+ VC @ 5tha-1 

F5) in sub-surface (15-30 cm) soil layer. The values of MBC 

increased by 72.5 and 58.4% under 100% RDN as CF+ VC @ 

5tha-1 (F5) and 75% RDN as CF+ VC @ 5tha-1 (F4) treatment 

in surface soil over control. The values of LFC in surface soil 

(0-15 cm) were 81.3, 95.7, 107.8, 128.8, 155.2, 177.8 and 

52.7 mgkg−1 in ZT and FIRB without residue retention, ZT 

and FIRB with 4 & 6 tha-1 residue retention and CT 

treatments, respectively [Table 2]. 

 
Table 2: Concentrations of different soil organic matter carbon fractions fPOM and cPOM at different soil depths as affected by tillage and 

nutrient management to the continuous RW cropping system [Source: Naresh et al., 2017] [28]. 
 

 
** Different letters within columns are significantly different at P=0.05 according to Duncan Multiple Range Test (DMRT) for separation of 

means. WSC = water soluble carbon, MBC = microbial biomass carbon, LFC = labile fraction carbon, cPOM = coarse particulate organic 

carbon, fPOM = fine particulate organic carbon 

 

Pant et al. (2020) [30] observed that the integrated approach of 

nutrient management showed positive impact on soil 

microbial biomass carbon and received more biomass carbon 

in surface layers with subsequent decrease at each increase in 

depth (Fig. 8 (a, b)). The lowest SMBC concentration was 

obtained under control and highest with 100% NPK+FYM. 

The surface and subsurface soil obtained more SMBC after 

wheat harvest as compared to rice harvest. There were 

24.38%, 29.67% and 23.10%, 28.05% increase in SMBC 

under treatment 100% NPK+FYM in comparison to 100% 

NPK+ Zn and 150% NPK after harvest of rice and wheat 

crops, respectively, at 0–15 cm layer. Balanced fertilization 

http://www.thepharmajournal.com/


 

~ 751 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

with 100% NPK with FYM increased MBC content in soil 

over 100% N and 100% NP treatments, respectively. 

Microbial biomass is a key component of soils since it defines 

the functional component of the micro biota primarily 

responsible for decompositions, soil organic matter turn over 

and nutrient transformations (Smith and Paul 1990) [35]. The 

increase in SMBC with the addition of FYM could be 

attributed to an availability of substrates for the 

microorganisms. The soil MBC represents about 1–5% of 

total soil organic carbon, can provide an effective early 

warning of the improvement or deterioration of soil quality as 

a result of different management practices (Powlson, 1994) 
[31]. 

 

 
 

Fig 8b: Effect of nutrient management practices on soil microbial biomass carbon (μg g−1 soil) after wheat crop [Source: Pant et al., 2020] [30] 

 

 
 

Fig. 8a: Effect of nutrient management practices on soil microbial biomass carbon (μg g−1 soil) after rice crop [Source: Pant et al., 2020] [30] 

 

Miao et al. (2018) [26] reported that the contents of SMBC and 

SSOC decreased with soil depth [Fig.8a]. The SMBC content 

at the 0–60 cm depth under the SM and RF treatments was 

significantly higher than that of the FA soil. The SSOC 
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content of soil samples subjected to the CC, SM, and RF 

treatments was greater than that of the FA soil. The N 

fertilization rates showed no distinct effect on the content of 

SMBC or SSOC at the 0–60 cm soil depth [Fig.9a]. 

Kushwaha et al. (2000) [19] observed that the highest levels of 

soil MBC and MBN (368±503 and 38.2±59.7μg g-1, 

respectively) were obtained in minimum tillage residue 

retained (MT+R) treatment and lowest levels (214±264 and 

20.3±27.1μg g-1, respectively) in conventional tillage residue 

removed (CT-R, control) treatment. Along with residue 

retention tillage reduction from conventional to zero increased 

the levels of MBC and MBN (36±82 and 29±104% over 

control, respectively [Fig.9b]. This increase (28% in of C and 

33% N) was maximum in MT+R and minimum (10% for C 

and N both) in minimum tillage residue removed (MT-R) 

treatment. In all treatments concentrations of N in microbial 

biomass were greater at seedling stage, thereafter these 

concentrations decreased drastically (21±38%) at grain-

forming stage of both crops. In residue removed treatments, 

N-mineralization rates were maximum during the seedling 

stage of crops and then decreased through the crop maturity 

[Fig.9b] 

 

 
 

Fig 9a: Soil microbial biomass C (SMBC) and soil soluble organic C (SSOC) contents under different cultivation practices (a, b) and N 

fertilization rates (c, d). FA, fallow; CC, conventional cultivation; SM, straw mulch; RF, plastic film-mulched ridge and straw-mulched furrow; 

N0, 0 kg N/hm2; N120, 120 kg N/hm2; N240, 240 kg N/hm2 [Source: Miao et al., 2018] [26] 

 

 
 

Fig 9b: Responses of soil microbial biomass carbon (μg g-1) to different tillage and residue manipulation treatments during barley and rice crop 

periods in a dry-land agro-ecosystem; code: BS, barley seedling stage; BG, barley grain-forming stage; BM, barley maturity stage; RS, rice 

seedling stage; RG, rice grain-forming stage; RM, rice maturity stage [Source: Kushwaha et al., 2000] [19] 
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Liang et al. (2011) observed that in the 0–10 cm soil layer, 

SMBC and SMBN in the three fertilized treatments were 

higher than in the unfertilized treatment on all sampling dates, 

while microbial biomass C and N in the 0−10 cm soil layers 

were the highest at grain filling. In the same soil layer, soil-

soluble organic C generally decreased in the order MNPK > 

SNPK > NPK > CK, while soluble organic N was the highest 

in the MNPK followed by the SNPK treatment. There was no 

significant difference in soluble organic N in the NPK and CK 

treatments throughout most of the maize growing season. 

Changes in soluble organic N occurred along the growing 

season and were more significant than those for soluble 

organic C. Soluble organic N was the highest at grain filling 

and the lowest at harvest. Overall, microbial biomass and 

soluble organic N in the surface soil were generally the 

highest at grain filling when maize growth was most vigorous 

[Fig.10a]. 

Dou et al. (2008) [11] reported that SMBC was 5 to 8%, 

mineralized C was 2%, POM C was 14 to 31%, hydrolyzable 

C was 53 to 71%, and DOC was 1 to 2% of SOC. No-till 

significantly increased SMBC in the 0- to 30-cm depth, 

especially in the surface 0 to 5 cm [Fig.10b]. Under NT, 

SMBC at 0 to 5 cm was 25, 33, and 22% greater for CW, 

SWS, and WS, respectively, than under CT, but was 20 and 

8% lower for CW and WS, respectively, than under CT at the 

5- to 15-cm depth. At the 15- to 30-cm depth, no consistent 

effect of tillage was observed [Fig.10b]. Enhanced cropping 

intensity increased SMBC only under NT, where SMBC was 

31 and 36% greater for SWS and WS than CW at 0 to 30 cm.  

 

 
 

Fig 10a: Effects of fertilization on soil microbial biomass C and N and soluble organic C and N [Source: Liang et al., 2011] 

 

 
 

Fig 10b: Soil microbial biomass C (SMBC) and its proportion of soil organic C (SOC) as affected by cropping sequence and tillage at 0- to 5-, 

5- to 15-, and 15- to 30-cm depths [Source: Dou et al., 2008] [11] 
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Conclusion 

The sequential accumulation of different organic fractions in 

soil at different depths was the resultant effect of different 

sources of nutrients applied through inorganic and organic 

sources alone or in combinations. Carbon fractions acquired 

in different amount was more pronounced at 0–15 cm depth 

than within subsurface region. Treatment NPK with FYM 

witnessed 158% and 144% increased concentration of TOC at 

all depths after the harvest of rice and wheat, respectively. 

However, wheat harvested field acquired more TOC 

concentration at all depth than in rice harvested plots. The 

application of FYM, addition of crop residues, root biomass, 

root exudates and plant biomass itself sequestered more soil 

organic carbon over the years in surface layers than in 

subsurface layers after both crop harvests. This impacted to 

conserve all active and passive carbon fractions viz. 

aggregated carbon, water-soluble carbon (WSC), soil 

microbial biomass nitrogen, soil microbial biomass carbon 

more at the surface region. Hence, 100% NPK + 15 t ha−1 

FYM was found to be most promising treatment amongst in 

conserving different carbon fractions in rice and wheat 

cropping systems. SOC concentrations and storage were 

highest in surface soil and depth interval down to 60 cm under 

NP+FYM and NP+S, below which concentrations did not 

change with depth. At the same time, on average the estimate 

of soil C storage to 60 cm depth was higher than that for soil 

C accumulated to 20 cm depth and to 40 cm depth, 

respectively. These findings suggest that the estimate of soil C 

accumulation to 60 cm depth was more effective than that for 

soil C accumulated to 20 cm depth and to 40 cm depth. 

NP+FYM were the most efficient management system for 

sequestering SOC. A large amount of C was also sequestered 

in soil under NP+S treatment. Soil microbial biomass C, POC 

and DOC were all significantly greater under organic manure 

(farmyard manure or straw) plus inorganic fertilizers, 

especially in the surface. The labile fraction organic C 

contents decreased significantly with increasing soil depth. 

Across the management practices tillage had the greatest 

effect on SOC and its various fractions and in the surface (0–

15 cm) soil of tillage implementation, with positive results 

observed with conservation tillage practices compared with 

conventional tillage. SOC stocks and those of the labile 

fractions decreased in topsoil and subsoil below 20 cm 

following land conversion. The LOC fractions to SOC ratios 

also decreased, indicating a reduction in C quality as a 

consequence of land use change. Reduced LOC fraction 

stocks in subsoil could partially be explained by the decrease 

in fine root biomass in subsoil, with consequences for SOC 

stock. However, not all labile fractions could be useful early 

indicators of SOC alterations due to land use change. In fact, 

only fPOC, LFOC, and MBC in topsoil, and LFOC and DOC 

in subsoil were highly sensitive to land use change in 

subtropical climatic conditions of North West IGP. There was 

a significant reduction in SMBC content with depth in all 

treatments. SMBC in the PRB treatment increased by 19.8%, 

26.2%, 10.3%, 27.7%, 10% and 9% at 0–5, 5–10, 10–20, 20–

40, 40–60 and 60–90 cm depths, respectively, when compared 

with the TT treatment. The mean SMBC of the PRB treatment 

was 14% higher than that in the TT treatment.  

The distribution pattern of soil microbial biomass associated 

with aggregates was likely governed by the size of aggregates, 

whereas the tillage effect was not significant at the aggregate-

size scale. Tillage regimes that contribute to greater soil 

aggregation also will improve soil microbial activity to aid in 

crop production. Heterogeneous distribution of OC and 

microbial biomass may lead to “hot-spots” of aggregation, 

and suggests that microorganisms associated with 1.0–2.0 mm 

aggregates are the most biologically active in the ecosystem. 

Conventional tillage (CT) significantly reduces macro-

aggregates to smaller ones, thus aggregate stability was 

reduced by 35% compared with conservation system (CS), 

further indicating that tillage practices led to soil structural 

damage. The concentrations of SOC and other nutrients are 

also significantly higher under CS than CT, implying that CS 

may be an ideal enhancer of soil productivity in this sub-

tropical ecosystem through improving soil structure which 

leads to the protection of SOM and nutrients, and the 

maintenance of higher nutrient content. The average 

concentration of particulate organic carbon (POC), dissolved 

organic carbon (DOC) and microbial biomass carbon (MBC) 

in organic manure plus inorganic fertilizer treatments (NP+S 

and NP+FYM) in 0–60 cm depth were increased by 64.9–

91.9%, 42.5–56.9%, and 74.7–99.4%, respectively, over the 

CK treatment.  
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