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Abstract

World soils possess the largest organic carbon (C) stock in terrestrial ecosystems and small changes in
soil organic C (SOC) stabilization can significantly affect atmospheric C concentrations. This review has
identified a range of emerging agricultural management practices in croplands and highlighted
knowledge gaps and mechanisms with potentials to increase SOC stabilization that may vary with site-
specific conditions. The key practices rely on the principles of: (1) Decreasing C output by minimizing
disturbance to soils from tillage, and eliminating fallowing, stubble burning; and (2) Increasing C inputs
by retaining stubble, adding C-rich amendments, practicing integrated nutrient management and
increasing crop diversity. Effects of different land uses and soil management on dynamics of soil organic
carbon (SOC) and their stabilization stock changes remains unclear under intensively cultivated rice—
wheat soil profile. Results revealed that balanced fertilization and combined use of chemical fertilizers
and manure increased the SOC in all the plots except the unfertilized control. Balanced fertilization
(NPK) and integrated fertilization (NPK+FYM) resulted in similar increases in particulate organic
carbon, carbon mineralization and microbial biomass carbon, whereas particulate organic nitrogen and
microbial biomass nitrogen were more in integrated fertilization (NPK+FYM) compared with control
treatment. Soil organic C and carbon stabilization stock changed positively across the fertilizer and
manure treatments over the control. In the control plot, at 0-15 cm depth the soil carbon was 15.1 Mg ha
1, respectively which increased to the 19.5 Mg ha! in NPK+FYM. As compared to the initial (13.7 Mg
hal), the SOC stock in 0-15 cm depth increased under all the fertilized treatments in the order:
NPK+FYM> N+FYM> NPK> FYM> N> control. The rate of increase in SOC (carbon sequestration)
due to different land uses alone varied between 57 and 89 kg ha! yr, while for soil management i.e.
FYM addition the rate of increase was 61 t0138 kg ha* yr? highest being in NPK+FYM.

Keywords: Aggregation, carbon sequestration, particulate soil organic matter, land use changes

Introduction

Different ecosystem types store different amounts of carbon depending on their species
compositions, soil types, climate, relief, and other biophysical features. Of the estimated over
150 million km? of terrestrial ecosystems area, forests account for more than 40 million km?
(about 28 percent). Savannahs and grasslands both cover about 23 percent, while croplands
occupy about 11 percent. Among the biomes, vegetation carbon stocks range from 3 Gt for
croplands to 212 Gt for tropical forests, while soil carbon stocks range from 100 Gt for
temperate forests to 471 Gt for boreal forests. The tundra biome, covering an area of less than
10 million km?, has the highest density of carbon storage. Soils generally hold more carbon
than vegetation across biomes and account for 81 percent of terrestrial carbon stock at the
global level.

Land-use changes, especially the conversion of native forest vegetation to cropland and
plantations in tropical region, can alter soil C (Chen et al. 2003) [*°1, Therefore, soil organic C
(SOC) concentrations reflect soil and ecosystem processes as well as past management
practices for both agricultural and non-agricultural soils (Collins et al. 2000) 1€, However,
Murty et al. (2002) B4 found no significant overall change in SOC due to land use change
from forest to pasture, although changes in soil C at individual sites ranged from —50% to
+160%.These findings showed a high variability in soil C stocks in the changed ecosystems
and possibly even within one ecosystem. Hence, ecosystems may lose or gain C, depending on
soil type, tillage operations, soil management practices, plant residue retention or removal,
fertilizer applications, organic manures/residues -additions, and integrated nutrient
management (Fearnside and Barbosa, 1998) [?61, Although the effects of no tillage on soil
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organic matter (SOM) have been well documented, the
information on land use and soil management effects on SOM
is scarce. Sometimes the trend is inconsistent because of
many factors such as soil type, cropping systems, residue
management, and climate (Reicosky et al. 1995) [62],
Accumulating evidence suggests that certain fractions of SOC
are more important sensitive indicators of management
practices (Naresh et al. 2017). The SOM fractions that are
considered important include microbial biomass C (MBC),
particulate organic C (POC) and C mineralisation (Cmin)
(Rudrappa et al. 2006). Soil organic matter plays a vital role
in maintaining soil quality because of its direct influence on
physical, chemical and biological properties of the soil. There
is an urgent need to increase our knowledge and
understanding of the dynamics of SOC stock and the role that
soil may play in the accumulation of atmospheric C through
its sequestration. This need comes out of the fact that soil is a
key reservoir of the terrestrial C, which contains globally
about 1550 Pg C as organic C. It together with inorganic
carbon constitutes about 3.3 times the size of the atmospheric
pool and 4.5 times that of the biotic pool (Batjes, 1996) [,
Any attempt that aims to enrich this reservoir through
atmospheric C sequestration is likely to mitigate the harmful
effects of the greenhouse gases and also ensure global food
security to a great extent (Lal, 2004) 431,

Active C and N fractions, such as microbial biomass carbon
and nitrogen (MBC and MBN), potentially mineralizable C
and N, particulate organic C and N (POC and PON) which
respond rapidly to changes in management practices, can
better reflect changes in soil quality and productivity by
altering the nutrient dynamics through immobilization—
mineralization processes (Dong et al., 2012a, 2012b) 22 23,
Particulate organic C and N that contain coarse fraction of
organic matter are considered intermediate between active
and slow fractions of SOC which change rapidly due to
management practices (Cambardella and Elliott, 1992) 21,
These soil fractions are likely to be more sensitive to
management practices than the total SOC (Awale et al., 2013)
[l and are the fine indicators of soil quality which influence
soil function in specific ways (e.g., immobilization—
mineralization). Thus, these soil C and N fractions may serve
as indicators of future changes in total SOC that are presently

undetectable (Dalal et al., 2011; Spargo et al., 2012; Xu et al.,
2011) 1% 7. 78 The pool sizes of labile C and N fractions
provide an insight into the consequences of management
practices that could not be garner from studies of total SOC
alone. More resistant fractions of SOC generally have much
longer turnover times, and thus have the long-term potential
for SOC sequestration (Lal, 2016) 1. To date, very less
information is available on the long-term effects of the above
land uses and soil managements on SOC stabilization and its
different fractions.

Soil carbon stabilization

Das et al. (2016) 2% revealed that total organic C increased
significantly with the integrated use of fertilizers and organic
sources (from 13 to 16.03 g kg™*) compared with unfertilized
control (11.5 g kg1) or sole fertilizer (NPKZn; 12.17 g kg?)
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 press mud (SPM) or green gram residue (GR)
along with NPK fertilizer, ranging from 192 to 276 mg kg
and from 0.60 to 0.75 g kg, respectively compared with
NPKZn and NPK+ cereal residue (CR) treatments, in which
MBC and PMOC ranged from 118 to 170 mg kg™ and from
0.43 to 0.57 g kg?, 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.
Memon et al. (2018) 2 also found that the average SOM
content in 2016-2017 significantly increased (p < 0.05) by
3.08% to 17.07% under all residue-incorporated treatments.
Plots without straw incorporation showed a decreased SOM
content (1.69-3.97%) compared with pre-treatment values
under reduced and conventional tillage methods. However,
the SOM content was higher (25.12, 24.06, 23.83, 23.80,
22.41, and 22.12 g/kg) in the RTsi60, RTsi100, CTsil00,
CTsi60, RTsi30, and CTsi30 treatments, respectively,
compared to RTns (21.10 g/kg) and CTns (20.61 g/kg) [Fig.
1].
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Fig 1: Depth-wise distribution of mean soil organic matter (SOM) under each treatment.

Note: RTns: RT without straw incorporation, RTsi30: RT
with straw incorporation (SI) at 30%, RTsi60: RT with Sl at
60%, RTsil00: RT with SI at 100%, CTns: CT without straw
incorporation, CTsi30: CT with Sl at

30%, CTsi60: CT with Sl at 60%, and CTsi100: CT with Sl at
100%.

Naresh et al. (2018) %1 reported that WSC was found to be
5.48% higher in surface soil than in sub-surface soil (Table 1).
In both the depths, Te treatment had the highest WSC as
compared to the other treatments studied. Compared to CT,
FIRB and ZT coupled with 6tha* CR increased 35.6% WSC
in surface soil and 33.1% in sub surface soil.The WSC
content in surface soil (0-15 cm) was significantly higher in
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100% RDN as CF+ VC @ 5tha? (Fs) treatment (32.5 mg
kg™!) followed by 75% RDN as CF+ VC @ 5tha* (Fs) (29.8
mgkg™') and least in unfertilized control plot [(Fi) (21.9
mgkg™') (Table 1)]. 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® (Fs) and 75%
RDN as CF+ VC @ 5tha? (F,) treated plots compared to
100% RDN as CF (F) fertilizer and unfertilized control plots
(Table 1). The values of MBC in surface soil varied from
116.8 mgkg™" in unfertilized control plot to 424.1 mgkg™ in
integrated nutrient use of 100% RDN as CF+ VC @ 5tha?
plots, respectively; while it varied from 106.6 mgkg™
(control) to 324.9 mgkg™ (100% RDN as CF+ VC @ 5tha

Fs) 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! (Fs) and 75% RDN as CF+ VC @ 5tha® (F4) treatment
in surface soil over control. While, there were 34.4% increase
of MBC over 100% RDF as CF (F) fertilizer, respectively.
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™' in ZT and FIRB
without residue retention, ZT and FIRB with 4 & 6 tha*
residue retention and CT treatments, respectively (Table 1). In
the surface layer, the organic treatment accumulated 51.5%
greater LFC (183.9 mg kg?) followed by 44.4% greater in
integrated (160.5 mgkg™) and 27.7% greater in RDN (123.5
mg kg) as compared to the control treatment.

Table 1: 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 [Naresh et al., 2018].

0-15 cm layer 15-30 cm layer
Treatments WSsC MBC Lrc | POM | BPOM WSC MBC LFC POM | POM
(mokg™) | (mokg™) | (mokg™) | © T | CT9 | mokg™) | (mokg™) | (mokg) | OGT | O
Tillage crop residue practices
T1 16.9¢ 311.4° 81.3¢ 0.444 0.92¢ 15.7¢ 193.9« 65.1¢ 0.32« 0.58
T2 18.9°¢ 345,20 107.8b¢ 0.620cd 1.82b¢ 17.8% 219.8° 94,1 0.55¢% 1,31bcd
Ts 20.8% 481.78 155.22 0.88% 2.542 19.6" 294.8% 132.6° 0.83° 1.932
T4 18.7¢ 306.5° 95.7¢ 0.53 1.03¢ 17.6% 187.5% 87.6° 0.35% 0.94%
Ts 21.4% 398.6° 128.8° 0.86" 2.21% 20.3%® 240.9 102.9° 0.72a 1.64°
Ts 23.22 535.82 177.82 1.302 2.38% 21.62 361.82 141.22 1.19¢ 1.89%
T7 14.2¢ 266.7¢ 52.7¢ 0.38¢ 0.944 13.8¢ 145.9¢ 49.8° 0.26" 0.61¢
Fertilizer Management Practices
F1 21.9° 116.8° 89.2¢ 0.41¢ 0. 64¢ 15.1° 106.6¢ 47.9 0.28 0.48¢
F2 28.4¢ 189.2¢ 123.5¢ 0.60% 0.934 18.8¢ 166.8% 66.7¢ 0.45 0.59
Fs3 29.2« 239.9b¢ 146.4° 0.71¢ 1.52¢ 20.2¢ 196.8° 85.9¢ 0.52 0.74%
F4 29.8° 280.7b 160.5° 1.33% 2.81% 21.9%¢ 219.9%¢ 103.2b¢ 0.72 1.64%
Fs 32.5% 42412 183.9° 1.89° 3.78° 26.42 324.9 152.9° 0.92 2.342
Fe 28.9 210.3 133.2° 0.66 1.19 19.8 178.2 76.4 0.51 0.63

** 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, ;POM = coarse particulate organic

carbon, fPOM = fine particulate organic carbon

At the global level, the soil organic carbon pool is
concentrated in five major soil orders: histosols, inceptisols,
entisols, alfisols, and oxisols. In the tropics, the largest
amount of soil organic carbon is found in oxisols, histosols,
ultisols, and inceptisols [Fig.2a]. Ingram and Fernandes,
(2001).\ reported that the potential carbon sequestration is

controlled primarily by pedological factors that set the
physico-chemical maximum limit to storage of carbon in the
soil. Such factors include soil texture and clay mineralogy,
depth, bulk density, aeration, and proportion of coarse
fragments [Fig. 2b].
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Fig.2a: Global Soil Regions Fig. 2b: Factors Affecting Soil Carbon Sequestration
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Fig 4: Soil Carbon Sequestration and Temperature

Potter et al. (2007) % revealed that an increase in soil
temperature exacerbated the rate of mineralization, leading to
a decrease in the soil organic carbon pool (SOC). However,
decomposition byproducts at higher temperatures may be
more recalcitrant than those at lower temperatures. Carbon
sequestration rates were highest and also highly variable on
inceptisols in Africa and Latin America. Inceptisols are
relatively young soils characterized by having only the
weakest appearance of horizons, or layers, produced by soil-

forming factors. Inceptisol soil profi les give some indication
of humus, clay minerals, or metal oxides accumulating in
their layers. In Asia, the highest sequestration rates and
variability were observed on oxisols, formed principally in
humid tropical zones under rain forest, scrub, or savanna
vegetation on fl at to gently sloping uplands. Oxisols are
typically found on old landscapes that have been subject to
shifting cultivation for several years [Fig.5].
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Fig 5: Soil Carbon Sequestration and Soil Order

Scott et al. (2012) %] reported that most of the potential soil
carbon sequestration takes place within the first 20 to 30
years. The pattern of change in sequestration rates is nonlinear
and differs between major groups of practices, with the
highest rates at intermediate times and low or even negative
rates in the short term [Fig.6]. Acharya et al. (2007) [
observed that the quality and quantity of residues markedly
influence the amount of carbon sequestered [Fig. 7a]. The
quantity of residue produced is a function of the cropland area
and agronomic practices, including tillage method. Cereals

are two to three times better than legumes at sequestering
carbon. Ge et al. (2010c) also found that there is a tendency
toward higher sequestration rates in triple cropping systems,
but variation is high [Fig.7b]. The apparent lower level for
double compared to single or triple cropping may reflect
differences in soils, climate, and cropping systems rather than
effects of cropping intensity. Replacing annual crops with
perennials increased soil carbon sequestration on average by 1
tChalyr!
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Soil Carbon saturation

Soil C saturation is limit to C stabilization as a function of C
input levels (at steady state) based on the cumulative behavior
of these four C pools (i.e., chemically-, physically-,
biochemically protected, and non-protected pools). The
importance of carbon is not just about forming the organic
matter of soil. Carbon acts as a source of energy for microbial
activities in soil, which is a vital indicator of soil health
(Reeves, 1997) 4. Among other indicators of soil health
which are greatly affected by the presence of soil organic
carbon are plant available water capacity in soil, infiltration
ratio, aggregate formation and stability in soil structure, soil
bulk density, cation exchange capacity (CEC), presence of
adequate soil enzymes and the level of activity of invertebrate
soil bio indicators. Using soil as a carbon sink can turn the
surplus farmlands into natural ecosystems, which can provide
various ecosystem services (Follet, 1993). Carbon changes
through various stages and phases in soil ecosystem [Fig. 8b]
and the most concerning parts of the cycle are ones which
intensify the concentration of carbon dioxide in atmosphere
(seen as upward arrows). Naresh et al. (2018) [ also found
that the values of MBC in surface soil varied from 116.8
mgkg™' in unfertilized control plot to 424.1 mgkg™' in
integrated nutrient use of 100% RDN as CF+ VC @ 5tha
plots, respectively; while it varied from 106.6 mgkg™
(control) to 324.9 mgkg™' (100% RDN as CF+ VC @ 5tha
Fs) 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! (Fs) and 75% RDN as CF+ VC @ 5tha (F4) treatment

in surface soil over control. While, there were 34.4% increase
of MBC over 100% RDF as CF (F,) fertilizer, respectively
[Table 2]. 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 ! in ZT
and FIRB without residue retention, ZT and FIRB with 4 & 6
tha! residue retention and CT treatments, respectively [Table
2]. In 15-30 cm layer, the increasing trends in LFC content
due to use of tillage practices and residue retention were
similar to those observed in 0-15cm layer; however, the
magnitude was relatively lower [Table 2]. In the upper 15 cm
depth, the POM content was between 1.9 and 2.8 times
higher under ZT and FIRB with residue retained than under
CT. The lower ;POM content under ZT with residue removal
than under CT in the two soil layers (2—2.6 times less) can be
explained by the farmer’s practice of removing crop residues
from the ZT field [Table 2]. These values represent between
50.7 and 64.8% more POM with residue retained ZT and
FIRB, averaging about 76.5% more.

Hao et al. (2008) ") who observed that the microbial biomass
was considerably greater in soils receiving FYM along with
NPK fertilizer than in plots receiving merely NPK fertilizer in
three subtropical paddy soils. Mandal et al. (2007) Y also
reported that the microbial biomass was greater in soils due to
addition of straw plus inorganic NPK for 34 years than that of
inorganic NPK fertilizers. Similarly, Kaur et al. (2005) also
observed that in general, MBC tends to be smaller in
unfertilized soils or those fertilized with chemical fertilizers
compared to soil amended with organic manures.
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Table 2: Concentrations of different soil organic matter carbon fractions fPOM and (POM at different soil depths as affected by tillage and
nutrient management to the continuous RW cropping system [Naresh et al., 2018].

0-15 cm layer 15-30 cm layer
Treatments | WSC MBC LFC (fpgl'z"_ (°Pg|'(v'_ WSC MBC LFC (fpgl'z"_ (°P8|'(V'_
(mokg™) | (mokg™) | (mokg™) | 5T | UEY | (mokg™) | (mokg™) | (mokg) | U |
Tillage crop residue practices
T1 16.9¢ 311.4° 81.3d 0.444 0.92¢ 15.7¢ 193.9« 65.1¢ 0.32¢ 0.58
T 18.9¢ 345,25 107.8%¢ 0.620cd 1.82b¢ 17.8% 219.8° 94,1 0.55¢% 1,31bcd
T3 20.8%® 481.7% 155.22 0.88% 2.542 19.6" 294.8% 132.6° 0.83° 1.932
T4 18.7¢ 306.5¢ 95.7¢ 0.53« 1.03¢ 17.6% 187.5% 87.6° 0.35b¢ 0.942
Ts 21.4% 398.6° 128.8° 0.86 2.21% 20.3% 240.9¢ 102.9° 0.72a 1.642
Ts 23.28 535.82 177.82 1.302 2.38% 21.62 361.82 141.22 1.19¢ 1.89¢
T7 14.2¢ 266.7¢ 52.7¢ 0.38¢ 0.94¢ 13.8° 145.9¢ 49.8° 0.26 0.61¢
Fertilizer Management Practices
F1 21.9° 116.8¢ 89.2° 0.41¢ 0. 644 15.1° 106.6¢ 47.9f 0.28 0.48¢
F2 28.4¢ 189.2¢ 123.5% 0.60% 0.93¢ 18.8¢ 166.8% 66.7¢ 0.45 0.59
Fs 29.2¢d 239.9% 146.4° 0.71¢ 1.52¢ 20.2¢ 196.8° 85.9¢ 0.52 0.74%
Fa 29.8¢ 280.7b 160.5P 1.33% 2.81% 21.9% 219.9% 103.2b¢ 0.72 1.64%
Fs 32.5% 424.1° 183.92 1.89% 3.782 26.42 324.92 152.92 0.92 2.342
Fe 28.9 210.3 133.2¢ 0.66 1.19 19.8 178.2 76.4 0.51 0.63

** 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, ;POM = coarse particulate organic

carbon, fPOM = fine particulate organic carbon

Kong et al. (2005), however, reported a preferential
stabilization of SOM in the micro-aggregate fraction. The
treatments only affected the SOC content of large micro-
aggregates and coarser fractions. In fact, crop residues
incorporated into the soil were first stored in >75 pum fractions
and were then transferred to the silt and clay fractions. The
differences among the CSs W and WB were not significant.
Tillage seemed, however, to influence the SOC concentration
in the large macro-aggregate (75-250 pm) fraction.
Differences could be detected between CT and DL whereas
NT did not differ from these. The contribution of large macro-
aggregates (>250 um) to the total SOC is definitely
influenced by the tillage and CSs. This is also reflected by the
high standard deviation of the SOC concentration. With WB,
the contribution of the macro-aggregates to the total SOC was
almost zero. Distinct differences can be seen between DL and
CT or NT. In addition and similarly to the WB crop rotation,
the DL tillage reduced the contribution of the macro-

aggregates to SOC to almost zero. CT and NT showed similar
values of SOC in the macro-aggregates. Alvaro-Fuentes et al.
(2008), agricultural management that increases biomass input
into soils and reduces tillage intensity leads to a higher
accumulation of total C in the soil. West and Post (2002)
found, on average, that a change from CT to NT can give rise
to a sequestration rate of 57.14 g Cm2 y!, excluding wheat
fallow systems which may not result in a SOC accumulation
with a change from CT to NT. The small differences between
NT and CT could be also due to the high clay content of the
soils (Ouedraogo et al., 2005) that finally protects SOM from
a quick degradation under a more intensive use. Chen et al.
(2009) [ reported that the ST and NT treatments had
significantly higher SOC in the 0.25-2 pm fraction at both
depths. However, ST and NT treatments had 14.2 and 13.7%
higher SOC stocks than CT in the upper 15 cm, respectively

[Fig.9].
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Fig.10a: Effect of tillage practices on soil bulk density and penetration resistance recorded at the end of wheat-maize cropping system (DT

= deep tillage; CT = conventional tillage; ST = strip tillage; NT = no-tillage)

Fig.10b: Percent proportion of aggregate size fractions under different tillage practices

Fig.10c: Soil organic carbon under different tillage practices

Fig. 10d: Saturated hydraulic conductivity as affected by tillage practices at 0-7.5 and 7.5-15 cm soil depth

Kahlon and Khurana, (2017) reported that by shattering soil
up to 45 cm depth, the deep tillage helped in improving
infiltration rate by 31 % over conventional tillage. However,
the no-tillage improved soil aggregation by 38 % than deep
tillage. At subsurface depth (15-30 cm) the soil bulk density
and penetration resistance were found to be significantly
lower under deep tillage (1.52 Mg m= and 1.9 MPa) than
conventional tillage (1.68 Mg m™ and 2.8 MPa), respectively
[Fig.10 a, b, ¢ & d]. Carter et al. (2002) revealed that the
dynamic of soil organic matter accumulation and stabilization
could be characterized by the total organic matter level as a
proportion of the “capacity level” and by the POM [Figs. 11 a
to d]. If soil organic matter is below the capacity level, then
both clay plus silt and POM will increase until the former is
saturated (Carter et al., 2002). In contrast, when soil organic
matter is at or near the clay plus silt capacity level, then only
the POM fraction will show an increase under conditions of

increasing organic matter. Generally, the approach to
characterize soil organic matter retention and stabilization has
been two-fold: (1) the relation and nature of soil organic
matter with soil particles, such as clay and fine silt, and (2)
the relation and nature of soil organic matter in micro- and
macro-aggregates. The soil organic matter retention can be
simplified by use of two factors: organic matter stored in clay
plus silt particles and in POM. These two parameters allow a
logical differentiation of soil stored or retained organic
matter. Undoubtedly, organic matter exists as a continuum in
soil from strongly stabilized to non-protected forms. For
instance, clay plus silt and POM can be further fractionated to
provide numerous other fractions. Furthermore, although the
POM is considered labile, its rate of decomposition would be
dependent on the chemical characteristics of the organic
inputs (Carter 1996).

iy

=

Soll organic C (g w

ONo manure
BSDM S Mghs
BSDM 109 Mg ha
BCDM 30 Mg ba
HCDM 10 Mgha

aaaaa

Wele € wsaC Whole mines

MC

POMC LFC

7
0 Contimns barkey +
winers erler

[('Jl .
fr— - DITkgN b
B Coatinuous barky +
arganlefetlizer

B85 kg N

Dlumfdgs @ 00,

Bliderseeded barey

Wil kg N e
wineral ferier

W Ciderseied barky +
orgaicerlizer

SRR

Whole €

WA C

Whoke minss
M C

Wel mioas POMC e

POM €

Whole Whale minas Whoke C WaC M IFc

oMC

Fig. 11(a): Influence of solid (SDM) and composted dairy manure (CDM) at two rates (50 and 100 Mg ha* SOC at the 0 to 10-cm soil depth, of

whole soil, WSA, whole soil minus POM, POM, and LF.

Fig. 11(b): Influence of crop rotation and organic and mineral fertilizer on SOC at the 0- to 10-cm soil depth, of whole soil, WSA, whole soil

minus POM, POM, and LF.

Fig.11(c): Influence of an organic amendment on SOC at the 0- to 10-cm soil depth, of whole soil, WSA, whole soil minus POM, POM, and LF
Fig. 11(d): Influence of N fertilizer on SOC at the 0- to 10-cm soil depth, of whole soil, WSA, whole soil minus POM, POM, and LF
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Soil carbon fractionation

Barbera et al. (2010) revealed that the annually sequestered
SOC with W was 2.75-times higher than with WB. SOC
concentrations were also higher. Both NT and CT
management systems were the most effective in SOC
sequestration whereas with DL system no C was sequestered.
The differences in SOC concentrations between NT and CT
were surprisingly small. Cumulative C input of all cropping
and tillage systems and the annually sequestered SOC

indicated that a steady state occurred at a sequestration rate of
7.4MgCha y1. Independent of the CSs, most of the SOC was
stored in the silt and clay fraction. This fraction had a high N
content which is typical for organic matter interacting with
minerals. Macro -aggregates (>250mm) and large micro-
aggregates (75-250mm) were influenced by the treatments
whereas the finest fractions were not. DL reduced the SOC in
macro-aggregates while NT and CT gave rise to higher SOC
contents [Table 3].

Table 3: Cumulative C input (over a period of 19 years), annual SOC sequestration, and SOC and N concentrations of the bulk soil and particle-
size fractions as a function of the tillage and cropping system (CS) [Barbera et al., 2010]

N (g
N CIN
soc soc ] kgl :
. | Annual 9 . 4 (g kg™ (g kgt bulk
Tillag Cuvnengatl SOC sOC (9 C org kgt bulk soil) (9 Corgkg™) g(ljilll)( soil)
e . sequester | bulk
and (h/:n%nh ed @ |75 ® 2| >25 | 75- | 25
g a - o1 — — < > — —
€S 1) MgCha | kg™) | 550 | 75 | 5 | o | 250 | 75 25 puik | B <25 | gy | <2
) um um | pm um
um | g | pm | pm [ pm | pm
m
WCT | 7.2a° 0.15ab 2058" 2'b3a 25 16‘ | 2.0a 2451‘"" 1830 | 199 1'27 1.54a | 1.09a | 15.1c | 12.9¢
WTBC 6.4b 003 | 186¢ | 3.2a | 26 122' 0.6b | 25.1a | 220a | 182 1'84 1'i2b O'ﬁsa 18.0a | 13.8¢
WDL | 6.4b 0.01c | 183c | 2.1b | 2.3 1§" 04b | 235b | 1770 | 194 1'84 1':;7‘"" 0'35*‘ 17.9a | 14.1c
WED 6.2¢ 00lc | 183c 2.;1a 33 1;" 0.0c | 2330 | 194b | 202 1'32 1'108b 0.80b | 16.3b 1752*‘
WNT | 7.2 017a | 212a Zfa 35 15' 1.6a 24503 191b | 208 1'334 1'209b 0.86b 15é8b 16.2b
WTBN 6.6b 0.08bc 19(':6b 18b | 2.8 1; | 0.3b | 23.3b 19565‘ 20.1 1';2 1.12c | 0.81b | 17.6a | 18.1a
w 6.9 011a | 201a | 2.2a | 2.9 1;" 13a | 239a | 183b | 200 1'55 140a | 0.97a | 16.3b | 14.4b
1
WB 6.4b 0.04b | 1880 | 24a | 2.8 | ¥ | 0.0b | 23.9a | 2022 109 14 o0p | 083p | X2 | 16
5 95 b 3a 4a
13, 1.20
cT 6.8ab 00% |197a | 28a | 25| > | 13a | 2462 | 201a | 101 20 | 143 | 098a | 166a | 134c
DL 6.3 001b | 18.3b 2'5"" 2.8 15" 0.0b | 23.4b | 1842 | 198 1'88 1.27b | 0.88a | 17.1a | 15.7b
NT 6.9 0.13a | 204a | 2.0a | 3.2 1;" 1.0a 23573 1932 | 204 1'53 1.20b | 0.84a | 16.7a | 17.1a

W, wheat; WB, wheat/faba bean rotation; CT, conventional tillage; DL, dual-layer tillage; NT, no tillage; WCT, wheat conventional tillage;
WBCT, wheat/bean rotation conventional tillage; WDL, wheat dual- layer tillage; WBDL, wheat/ faba bean rotation dual-layer tillage; WNT,

wheat no tillage; WBNT, wheat/ faba bean rotation no tillage.

aValues followed by a different lowercase letter within one column are significantly different (p<0.05) between cropping and tillage systems.
Values followed by the same letter within a column are not significantly different at p<0.05 (LSD test). Values with no letters do not differ from
each other. The statistics rare related to three different groups of tillage and CSs: WCT-WBNT; W-WB; CT-NT.

Ali and Nabi, (2016) reported that the variations between rice
and wheat residue either incorporated or surface applied were
non-significant. Both rice and wheat residues either
incorporated or surface applied immobilized soil mineral N.
Peak for N immobilization in the incorporated treatments was
on day 15 and then started mineralization while surface
applied wheat and rice residue decreased soil mineral nitrogen
gradually and continuously up to 75th day of incubation.
Incorporated residues increased soil organic carbon and soil
aggregate stability significantly by 18% and 55% over control
respectively [Fig.12a, b, ¢ & d]. Gathala et al. (2011) revealed
that soil penetration resistance (SPR) was highest at the 20-
cm depth in puddled treatments (3.46—3.72 MPa) and lowest
in ZT treatments (2.51-2.82 MPa). Compared with

conventional practice, on average, water-stable aggregates
(WSAs) > 0.25 mm were 28% higher in ZT direct-seeding
with positive time trend of 4.02% yr'. The least-limiting
water range was about double in ZT direct-seeding than that
of conventional practice [Fig 13a, b & c]. Naresh et al. (2018)
155 also found that the quantities of SOC at the 0-400 kg of
soil m? interval decreased under Ti, T4 and T treatments
evaluated. Stocks of SOC in the top 400 kg of soil m?
decreased from 7.46 to 7.15 kg of C m represented a change
of -0.31 +0.03 kg of C m? in Ty, 8.81 to 8.75 kg of C m™
represented a change of -0.06 +0.05 kg of C m? in T4, and
5.92 to 5.22 of C m represented a change of -0.70 +0.09 kg
of C m2in T7 between 2000 and 2016, [Table 4].
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Fig. 12a: N mineralization from rice and wheat residues under different crop residue applications to soil. Where CS, control soil; WRS, wheat
residue surface applied; RRS, rice residue surface applied; WRI, wheat residue incorporated; RRI, rice residue incorporated.
Fig.12b: Soil organic carbon under rice and wheat residues with their different applications to soil.

Fig.12c: Soil aggregate stability under rice and wheat residues with their different applications to soil.

Fig.12d: Regression analysis of soil organic carbon and soil aggregate stability
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Table 4: Soil organic carbon (SOC) stocks and annual rate of change in multiple soil mass intervals (averaged over tillage crop residue practices
and nutrient management rate) in 2000 and in 2016 at Meerut, U.P.[Naresh et al., 2018]

Soil Organic Carbon (+ Standard error)

Tillage 0-400 kg of soil m™ Annual 400-800 kg of soil m2 Annual 800-1200 kg of soil m2 Annual
crop (approx. 0-30 cm) sOoC (approx. 30-60 cm) sOoC (approx. 60-90 cm) SOC
residue _ change _ change _ change

- 2000 | 2016 | Difference | rategof | 2000 | 2016 | Difference | rategof | 2000 | 2016 | Difference | rate g of
practices Cm2 vrt cm2 vrt Cm2yrl
yr m2yr m2yr
kgm™
T1 7.46 | 7.15* | -0.31+0.03 -28.2 5.39 | 5.65 ;%%g -6.9 3.14 | 3.12 | -0.02+0.01 -1.8
T2 8.98* | 9.77 0.79+0.2 66.2 7.03 | 7.11 0.08+0.2 15 3.72 | 381 0.09+0.11 8.1
T3 9.18* | 9.87 -0.69£0.2 57.4 7.62 | 7.64 0.02+0.2 7.0 5.04 | 5.08 0.04+0.01 1.7
T4 8.81 | 8.75 | -0.06+0.05 -25.7 5.82 | 5.31* | -0.51+0.2 -4.5 293 | 2.67 | -0.26+0.02 -4.7
Ts 8.12 | 9.11* | 0.99+0.2 82.1 5.47 | 557 | 0.10+0.09 8.8 3.38 | 347 | 0.01+0.11 5.4
Te 9.15 | 9.29 0.14+0.9 19.6 5.72 | 5.88 | 0.16+0.09 7.3 457 | 458 | 0.01+0.01 0.6
T s92 | 522 | 279 134 | 405 | 398 | -0.07+0.00 | 55 | 242 | 2.37 | -005:002 | -3.9

*Significant difference between years at a=0.05

Dou et al. (2016) I reported that the SOC content of the total
organic C pool and LC pool was greater in MNPK- and
SNPK-treated soils and lower in IN- and NPK-treated soils
than CK in the top layer. However, SOC storage of the total
organic C pool was greatest in MNPK-treated soils
(5423.3 gC m2, on average) compared with other treatments
in both soil layers [Fig. 14]. The SOC content and storage of
the RC pool was greater in all fertilized soils than in CK with
the decreasing order as follows: MNPK> SNPK>NPK/
IN>CK-treated soils. However, the highest RIC (90.44%) and
RIN (63.45%) ratios of the all treatments [Fig.14]. In contrast,
the lowest RIC (84.16%) and RIN (52.59%) ratios appeared
in the IN- and NPK-treated soils.Six et al. (2002) reported
that physicochemical characteristics inherent to soils define

the maximum protective capacity of these pools, which limits
increases in SOM (i.e. C sequestration) with increased organic
residue inputs [Fig. 15b]. Shahmir et al. (2017) revealed that
the maximum SOC was observed in AAO (3.3%), followed
by GL (3.2%), Clm (2.6%), Clw (2.5%), CAO (2.1%), and
SGL (1.2%) at the soil surface layer (0-20 cm). The reason
why SGL contained the lowest percentage of SOC among the
different types of land use might be that SGL is normally
situated near the edge of steep slopes, which experience
frequent water erosion due to prevalent rainfall in the area.
Meanwhile, SOC percentage decreased with soil depth. SOC
played a significant role in the improvement of the
physicochemical properties of the soil and the formation of
soil aggregates [Fig.15a].
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Fig. 15a: Soil organic carbon (SOC) under different land-use systems
Fig. 15b: Conceptual model of soil organic matter (SOM) dynamics with measurable pools.

Six et al. (2002) revealed that biochemical stabilization is
understood as the stabilization of SOM due to its own
chemical composition (e.g. recalcitrant compounds such as
lignin and poly-phenols) and through chemical complexion
processes (e.g. condensation reactions) in soil. For our
analyses, we divide the protected SOM pool into three pools

according to the three stabilization mechanisms described
[Fig. 16 a and b]. The three SOM pools are the silt- and clay-
protected SOM, micro-aggregate protected SOM (micro-
53-250um  aggregates), and
biochemically protected SOM.
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Fig.16a: The protective capacity of soil (which governs the silt and clay protected C and micro-aggregate protected C pools), the biochemically
stabilized C pool and the unprotected C pool define a maximum C content for soils.
Fig. 16b: Structural equation modelling relating tillage systems, residue returning and microbial metabolic diversity to SOC in >0.25 mm (a1,
¥ =2.791,df =3, p=0.432, CFI = 1, GFI = 0.920, RMSEA = 0.001; a2, %> = 6.163, df = 4, p = 0.617, CFI = 0.957, GFI = 0.978, RMSEA =
0.020) and <0.25 mm aggregates (b1, y? = 0.541, df =4, p = 0.144, CFI = 0.956, GFI = 0.954, RMSEA = 0.010; b2, 2 = 7.71, df = 4, p = 0.056,

CF1 =0.975, GFI = 0.951, RMSEA = 0.020).
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Soil organic carbon storage and distribution as affected by
soil depths

Rojas et al. (2012) revealed that in Southern Spain total
stocks per land use class and soil type under which “Scrub
and /or vegetation associations” contain 115.92TgC in
22561.98km?, “permanent crops” 94.65TgC in 17275.66km?,
“arable land” 84.59TgC in 15468.49km? and “forest”
67.60TgC in 15911.37km?. Soils with the largest SOC stock
are Cambisols (162.66Tg), Regosols (91.95Tg) and Vertisols
(48.37Tg). The estimated SOC stock in the upper 75cm is
415Tg. Accumulated C stocks for each soil type and land use

class are shown in [Figs. 17 a and 17b], respectively. All soil
groups store more than 50% of total C in the first 25cm,
except vertisols which accumulates less than 45%. The
proportion of SOC stock in the 0-25cm layer is on average
about 55% (229.69Tg) of the total SOC stock in the upper
75cm, around 30% (122.89Tg) in the 25-50cm layer and 15%
(62.62TQ) in the deepest layer (50-75cm) [Fig. 17a and b].
Among all land use types, agricultural uses such as “arable
land” and “permanent crops” show low percentages of SOC
stock in the first layer (below 50%).

Cumuative sofl oarbon stock (Tg)

\Q
*0 8 LR ]
0 ,H \ ) T \
e 1\
%4,\ | | 40 ‘|“"‘
C=ae | I
ER 3 ‘ W 50 4 " &
80 ‘ \ e | “.‘ ‘; ‘.‘
70 ; L 70 ‘ ‘1 "\‘ “‘
*0 o b bk A

—e—Arenosols —O-Cakisols —a—Cambisols —o—Luvisols

e Fluvisols —#-Leptasols —®— Solonchaks —m- Vertisols

100 150 200 0 50 100

~o-Plmosals  —a—Regosols

Cumulative soil carbon stock (Tg)
100 200
. |

—e-Arable land
-Forests

-~ Heterogeneous
agricultural areas

-®-Maritime wetlands

-m-Open spaces with little
orno vegetation

T+ Permanentcrops

—>-Scrub and/or

herbaceous vegetation
associations

80 -

Fig. 17a: Cumulative soil organic carbon stock in depth for each soil class.
Fig. 17b: Cumulative soil organic carbon stock in depth for each land use type.

A high SOC content in Vertisols, which are naturally fertile
soils, may be explained by its high clay content and
consequently high moisture storage capacity. Similar values
of SOCCs for Vertisols were reported in Spain by Rodriguez-
Murillo (2001), 68.9MgCha™, and in Jordan by Batjes (2006)
(6, 37MgCha™! at 0.3m depth and 75MgCha! at 1m depth
with 59MgCha™! for “arable land” and 68MgCha™! for
“forest” at Im depth. Brahim et al. (2010) in Tunisia
estimated 45.6MgCha' at 30cm depth and 109.7MgCha™' at
1m depth. Higher values were found in Central and Eastern
Europe by Batjes (2002) 1, with 82MgCha™' at 0.3m and
236MgCha™! at 1m depth. Rodriguez Murillo (2001) reported
that higher values for both Fluvisols and Luvisols in Spain,
75.8MgCha! and 66MgCha!, respectively, nonetheless our
estimations are within the values proposed in France
(Arrouays et al., 2001). They estimated SOCCs ranging from
27MgCha™! under “permanent crops” to 102MgCha™! under
Pastures for Fluvisols and 29MgCha™' MgCha™' under
“permanent crops” to 84MgCha™! under Pastures.

Xiaolei Huang et al. (2017) found that organic fertilization
significantly increased the SOC content compared with
chemical fertilization alone [Fig. 18a and b]. The specific C
mineralization rate (SCMR, rate per unit SOC) increased with
increasing soil depths, suggesting that SOC at the 20- to 40-
cm depth was more labile than that from 0 to 20 cm. The

percentage of SOC present as microbial biomass carbon
(MBC) was significantly positively correlated with SCMR,
indicating that soil microorganisms influenced the potential
SOC mineralization [Fig. 19a and b]. Soil microorganisms
played an important role in balancing the decomposition and
accumulation of SOC because microbial products were
important components of SOC (Miltner et al., 2011). The
application of organic fertilizers significantly increased the
microbial biomass, microbial biodiversity, and soil enzymatic
activity compared with chemical fertilization alone in the
rice—wheat cropping system (Zhao et al., 2016) ", which
may be somewhat responsible for the relatively labile SOC in
soil amended with organic fertilizers. The SCMR increased
with increasing soil depth, indicating that SOC in the deep
soil layer (20-40 cm) may be more susceptible to
decomposition than that in the surface layer (0—20 cm) when
exposed to air. This is consistent with the findings of Karhu et
al. (2016), who demonstrated that the deeper soil layers were
more sensitive to the priming effect, defined as the
stimulation of SOC decomposition caused by labile C
addition, compared with the upper soil layers. Schrumpf et al.
(2013) noted that association with minerals played the most
important role in protecting SOC from microbial
decomposition by studying a wide range of European soils
different in vegetation, soil types, and land use.
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Fig. 18 (a): Soil organic C (SOC), (b) total N, and (c) C/N ratio at the depths of 0 to 10 cm, 10 to 20 cm, and 20 to 40 cm as affected by different
fertilization treatments in the rice-wheat cropping system.
Fig. 18 (b): Microbial biomass carbon (MBC), (b) microbial biomass N (MBN) and (c) the percentage of soil organic carbon present as
microbial biomass C (MBC/SOC) at the depths of 0-10 cm, 10-20 cm and 20-40 cm as affected by different fertilization treatments in the rice—
wheat cropping system.

Treatments CK, NPK, NPKM, NPKS, and NPKMOI
represent control, chemical fertilizer, 50% chemical fertilizer
plus manure, 100% chemical fertilizer plus straw, and 30%
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Fig 19: The (a) carbon mineralization rate (CMR, rate per unit dry soil) and (b) specific carbon mineralization rate (SCMR, rate per unit SOC) at
the depths of 0—-10 cm, 10-20 cm, and 20—40 cm as affected by different fertilization treatments in the rice-wheat cropping system.

Kasper et al. (2009) also found that the total amount of C
mineralized over 84 days at 0-15 cm was greater in 100%
NPK + FYM followed by 150 and 100% NPK (Fig.7). While
at 15-30 cm, 100% NPK + FYM, 150% NPK and 100% NP
showed similar C mineralization pattern but these were
significantly higher over rest of the treatments. There was a
significant increase in C mineralization in 100 and 150%
NPK over 50% NPK treatment. The balanced application of
NPK (100% NPK) significantly increased C mineralization
over unbalanced (100% N and 100% NP) fertilization.
Greatest accumulation of total organic C was observed with
100% NPK + FYM treatment while control plot showed the
lowest value. Irrespective of depths, the balanced application
of NPK (100% NPK) showed higher accumulation of soil
organic C -over imbalanced use of fertilizers (100% N or
100% NP). The amount of sequestered organic C was highest
in 100% NPK+FYM (731 kg halyr?) followed by 150%

NPK (462 kg hayr?) and 100% NPK (169 kg halyr?). The
other treatments namely 50% NPK, 100% N and 100% NP
sequestered 87, 106 and 134 kg C hayr?, respectively. Thus
from these results, we can conclude that use of 100% NPK
with farmyard manure was the most efficient management
system in accumulating as well as sequestering organic C
(72.1 Mg C hat and 731 kg C halyr?) in 0-45 cm soil profile
in a long-term fertilized soil [Fig. 20a]. Shrestha et al. (2004)
revealed that SOC stock in Bari land was higher than in other
land use types [Fig. 20b]. Moreover, in the surface soil,
grazing land had the highest SOC stock, followed by Bari,
forest and Khet, while in depths below 20 cm Bari lands had
the highest SOC stock. The conversion of forestland into Khet
land may result in 49% losses of SOC compared to SOC level
in the forest. On an area basis, the SOC losses were 2 kg C m~
2 by converting forest to Khet.

~ 1727~



Journal of Pharmacognosy and Phytochemistry

80

SOC stock (kg C m™)

2 1800, 23045cm 2 Cmin
2 |ot530cm I R
0 |otsem [ 2 4| BP0
E oot | o D c
0 £ | 2
3) =~ oo LI
5 o B R
L 40
£ ;
3 2
] o
T T 2
g g
o
£ ¢
£
0 0
3 A
N i
|e 'nhn \QP’ \‘J“ﬂ‘

=

“Forest Grazing Bari Khet
Land Uses

W0-10 cm @10-20 cm @20-40 cm [@40-60 cm D60-80 cm @80-100 cm

(b)

Fig. 20(a): Total C mineralized and totals organic C under different treatments (Kasper et al., 2009).
Fig. 20(b): Effect of land use on soil organic carbon stocks (Shrestha et al., 2004).

Different land uses and SOC Stock pool

Land use and its impact on the SOC pool and its dynamics are
important and should be addressed in making appropriate
policy decisions. Most studies done so far were limited to the
surface layers of soil profiles. However, pedogenesis of lower
horizons can be affected by disturbances to the surface
horizon. Lantz et al. (2001) reported that any disturbance in
the surface horizons affects soil porosity, internal ped faces as
well as water movement and even SOC in the sub-soil.
Therefore, studies on quantifying the SOC contents in subsoil
may provide information on how land use affects the SOC
pool, and such data may help better estimate the potential of
different land uses as source or sink for C. Lantz et al. (2001)
also studied the differences in SOC pools in cropped, pastured
and forested sites in Ohio, up to the depth of 170 cm, where
pastured sites showed higher SOC pools than the forested
ecosystems. Cultivation reduced the SOC pool in the top 0-
10cm layer and increased it in the 10-25 cm layer, not
decreasing the total SOC pool. Smith et al. (2000) reported
that SOC levels are known to be influenced by a large number
of factors, many of which are mutually interactive e.g., soil
colour, soil texture, land use, management, climate,
topography and drainage etc. Manipulation of some of these
factors, especially management related ones, may be used to
increase C sequestration in soils and thus mitigate climate
change commitments.

The morphologic significance of soil colour has been widely
recognized by soil scientists (Simonson, 1993). This is
supported by Franzmeier (1983) who noted relationships
between organic matter concentration, soil colour and soil
texture for Indiana soils. He also outlines an equation
correlating organic matter and Munsell colour value and
chroma. On the other hand, Nichols (1984) examined
Southern Great Plains soils to determine if SOC
concentrations could be predicted from several environmental
factors. The percentage of clay content was found to be the
best predictor of organic carbon in this study (r= 0.86).
Franzmeier (1983) also noted that organic matter
concentration generally increased for Indiana Ap horizon soils
with increasing clay content. Konen et al. (2003) also
reported that clay contents was highly correlated (r>= 0.71)
with SOC in lowa soils and that the SOC increased linearly
with the clay content.

Land use change alters the inputs of organic matter, thus
affecting SOC and soil organic nitrogen (SON) stores
accordingly (Zhou et al., 2007). Net losses of SOC and SON
due to land use change may occur as a result of decreased

organic residue inputs and changes in plant litter composition
and increased rates of SOM decomposition and soil erosion
(Lugo and Brown, 1993).There is a good relationship between
SOC and SON. In this aspect, Jenkinson (1981) noted that
immobilization of nitrogen takes place when the C/N ratio of
the residues is greater than 30/1. This ratio can be decreased
by adding fertilizers or by using the residues and even the
nitrogen containing waste. Jenkinson (1981) and Himes
(1998) reported increased quantities of C and N sequestered
in the fertilized Broad Balk field at Rothamsted over the non-
fertilized field [Table 5].The findings are based on a long-
term (1843 to 1963) continuous wheat trial. The concentration
of organic carbon in the un-manures plot did not vary in the
120 years. The annual application of N, P, K and Mg
increased the total C by about 15%. The ratio of the C and N
sequestered was 12.8/1. To sequester the 4000 kg of C, 314
kg of N was required. The quantity of C sequestered will be
limited if there is insufficient nitrogen. Thus, C/N ratio is a
good indicator of the degree of decomposition and quality of
the organic matter in the soil.

Table 5: Carbon and nitrogen sequestered in the fertilized Broad
Balk Plot at Rothamsted under continuous wheat since 1843-1963
[Jenkinson, 1981; Himes, 1998]

Organic | Nitrogen kg kg
Treatment C % % Cl/ha N/ha
Unmanured 0.90 0.098 20.160 | 2.195
Manured N P K 1.08 0.112 24,192 | 2,590
Mg annually
Element . - 4,032 314
sequestered

Batjes (1996) [ estimated world‘s soil carbon and nitrogen
pool [Table 6]. The average SOC stored in the upper 100 cm
was estimated to be between 1462 and 1548 Pg C. Based on
this study, SOC in the tropics was estimated to be 201-213 Pg
C, 384-403 Pg C and 616-640 Pg C in the 0-30, 0100 and O-
200 cm layers, respectively. Batjes (1996) B! also used the
same methodology to estimate soil nitrogen as that for C
pools, with global estimates of 63-67 Pg N at 0-30 cm depths
and 133-140 Pg N to a depth of 100 cm. The latter values are
greater than the 92-117 Pg N calculated using an ecosystems
approach (Zinke et al., 1984) possibly because most profile
descriptions in World Inventory of Soil Emissions Potentials
(WISE) used by Batjes (1996) ! for agricultural soils may
have been amended with N fertilizers.
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Table 6: World soil carbon and nitrogen pools (Pg) [Batjes, 1996] [*!

Depth range (cm)

Regions Soil Cand N 0-30 0-100 0200
Soil Organic C 201-213 384-403 616-640
Tropical regions Soil Carbonate C 72-79 203-218 -
Total 273-292 587-621 -
Soil N 20-22 42-44 -
Soil Organic C 483-511 1078-1145 1760-1816
Other regions Soil Carbonate C 150-166 492-530 -
Total 633-677 1570-1675 -
Soil N 43-45 91-96 -
Soil Organic C 684-724 1462-1548 2376-2456
World Soil Carbonate C 222-245 222-245 -
Total 906-969 2157-2296 -
Soil N 63-67 133-140 -

Lal, (1999) (3 revealed that appropriate land use management
options like conservation tillage, mulch farming, cover crops,
agroforestry farming, biomass production farming as well as
crop residue management etc. all enhance SOC. The
management practices decrease decomposition, improve soil
structure and aggregation, decrease soil degradation
processes, and increase nutrient cycling and other ecosystem
restorative mechanisms [Table 7]. Vidya et al. (2002) also
reported highest MBC in natural forest soil among different
land use systems.

Table 7: Impacts of land management practices on carbon
sequestration (t/C/halyr.) in the dry lands and tropical areas [Lal,

1999] [+

Land management practices | Dry lands | Tropical areas
Conservation tillage 0.1-0.2 0.2-0.5
Mulch farming or plant cover | 0.05-0.1 0.1-0.3
Conservation agriculture 0.15-0.3 0.3-0.8
Composting 0.1-0.3 0.2-0.5
Nutrient management 0.1-0.3 0.2-0.5

Water management 0.05-0.1 -

Grassland and pastures 0.05-0.10 0.1-0.2
Agroforestry - 0.2-3.1

Purakayastha et al. (2007) also found that sewage-irrigated
rice-wheat soil showed lowest pH particularly in the 0-0.05
and 0.10-0.20m soil layer. Irrespective of soil depths, agro-
forestry plantation showed greater SOC followed by sewage-
irrigated rice—wheat soil. Nevertheless, agro-forestry soil also

showed highest stock of SOC (33.7Mg/ha), POC
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(3.58Mg/ha), and MBC (0.81Mg/ha) in the 0-0.20m soil
layer. Sewage-irrigated rice—wheat jointly with agro-forestry
soil showed greatest C min in the 0-0.20m soil layer,
although the former supported lower SOC stock. The decrease
in SOC (SOC 0-0.05m/SOC 0.10-0.20m) and C min (C min 0—
0.05m/ C min 0.10-0.20m) along soil depth was significantly
higher in the agro-forestry system than in most of the other
land use and soil management systems [Fig. 21 a &b]. The
buildup of different C fractions in the agro-forestry plantation
is mainly due to long-term additions of C through leaf litter.
Nevertheless the soils of this plantation are never disturbed by
tillage operations that are otherwise very frequently practiced
in other cultivated soils. Sewage-irrigated rice—wheat soil
supported higher SOC as well as MBC than other cultivated
and uncultivated soils probably are due to accumulation of
organic materials added through sewage effluents. Vegetable
field, tube well irrigated rice—wheat, and uncultivated soils
showed less SOC and MBC. However, very high values of
these parameters have been reported in vegetable and paddy
fields from China (Chen et al. 2003) %1, Uncultivated soil that
supported patches of grasses showed lower organic C, POC,
as well as MBC. Particulate organic C, a physically protected
moderately labile pool, is generally accumulated in such
management systems where soil is not disturbed. In this
respect, the agro-forestry plantation protected the POC well
due to non-disturbance of soil in this system. Nevertheless
there is a greater stratification of POC down the soil layer in
this system compared with cultivated land where the soils are
disturbed frequently through tillage operations.

E soc

SIRW TIRW

(@ (b)

Fig. 21(a): Soil organic C (SOC) pools in the soil profile (0-0.20m) as affected by land use and soil management. POC, particulate organic C;
MBC, microbial biomass C; C min, C mineralization; AF, agro-forestry plantation; VF, vegetable field; SIRW, sewage-irrigated rice—wheat;
TIRW, tube-well irrigated rice-wheat; UC, uncultivated. The full length of each bar (POC+MBC+C min+ unaccounted) indicates the value of

SOC

Fig. 21(b): The difference (more/less) in soil organic C (SOC), particulate organic C (POC), microbial biomass C (MBC), and C mineralization
(C min) in agro-forestry plantation (AF), vegetable field (VF), tube-well irrigated rice—wheat(TIRW),and sewage-irrigated rice—wheat (SIRW)soil
compared with uncultivated soil (UC).
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The decomposition of SOC is also very fast, partly due to the
local climate and also unsustainable land management
practices. However, if properly managed, croplands in
Bangladesh or elsewhere can be a major source for C
sequestration. Aggregate formation and organic matter
storage in soils are intimately associated with each other. The
organo-mineral associations function as aggregate binding
and stabilizing agents. The nature of various organo-mineral
associations and their spatial locations within soil aggregates
determine the extent to which SOC is physically protected
and chemically stabilized which results in its storage. A close
understanding of the nature and dynamics of organo-mineral
associations are necessary for a better understanding of soil
structural dynamics and of C cycling and sequestration in
soils (Bruce et al., 1999). Likewise, Lehmann et al. (2007)
noted that stabilization of C in soil is mainly achieved through
two processes—clay-organic interactions and occlusion of
these aggregates by clay particles. Thus, stabilizing C has

great importance for biogeochemical cycles of an ecosystem
as well as sequestration potential. Lal (2004a) 4 showed
strategies of SOC sequestration through land use change and
soil and vegetation management [Fig. 22a)]. Shahid et al.
(2017) also found that balanced fertilization

(NPK) and integrated fertilization (NPK+FYM) resulted in
similar increases in particulate organic carbon, carbon
mineralization and microbial biomass carbon [Fig. 23],
whereas particulate organic nitrogen, nitrogen mineralization
and microbial biomass nitrogen [Fig.24] were more in
integrated fertilization (NPK+FYM) compared with control
treatment. Soil organic C and nitrogen stocks changed
positively across the fertilizer and manure treatments over the
control. In the control plot, at 0—-15 cm depth the soil carbon
and nitrogen stock was 15.1 and 1.77 Mg ha, respectively
which increased to the 19.5 Mg ha' in NPK+FYM for carbon
and 2.25 Mg ha! in N+FY M for nitrogen [Fig.24].
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(Source: Lal, 2004) 431
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Soil management practices and SOC Stock
Poeplau et al. (2017) reported that the average increase in
SOC stock in the 0-30cm soil layer was 3.1Mgha* or 6.8%,
with no difference between N fertilization rates. Retention
coefficients of residues did not exceed 4% and decreased
significantly with increasing N rate (R?=0.49).The effect of RI
was higher after 20 years (4.6Mgha?) than after 40 years,
indicating that a new equilibrium has been reached and no
further gains in SOC can be expected. Most (92%) of the total
SOC was stored in the silt and clay fraction and 93% of the
accumulated carbon was also found in this fraction, showing
the importance of fine mineral particles for SOC storage,
stabilization and sequestration in arable soils. No change was
detected in more labile fractions, indicating complete turnover
of the annual residue-derived C in these fractions under a
warm humid climate and in a highly base-saturated soil
[Fig.25 a, b and c]. Lugato etal. (2006) calculated a mean
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annual sequestration rate of residue-derived SOC of 170kgha~
yr' for 1993, which is more than double the annual
sequestration rate measured in this study for 2006 (78kgha~
yr1). Residue-derived SOC accumulation has not only
stopped, but the absolute SOC stock difference between RI
and RR has also decreased. Stagnation in SOC stock increase
after a management change has often been reported to occur
after 20-50 years (Buysse et al. 2013; Poeplau et al. 2015a),
which might be related to C saturation in some cases, or a
delayed adjusted increase in output in other cases. After all,
the decrease in DSOC from 1986 to 2006 was on average
1.5MgCha?, which corresponds to a very low concentration
change of 0.034% C. Kirkby et al. (2014), who reported
increasing SOC sequestration upon N addition, numerous
studies have shown that N in combination with labile C
addition reduces the priming of older SOC (Griepentrog et al.
2014; Fisk et al., 2015).
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Fig. 25(a): Soil organic carbon (SOC) stocks in the residue removed (RR) and residue incorporated (RI) treatments under five different N
fertilizer rates.
Fig. 25(b): Average difference in soil organic carbon stock (DSOC stock) over time (1966—-2006) between treatments of residues incorporated
(RI) and residues removed (RR).
Fig. 25(c): Soil organic carbon (SOC) stock in different fractions for residues removed (RR) and residues incorporated (RI) treatments at
different nitrogen (N) fertilization rates after 40 years of residue incorporation (2006).

On average, we found 92% of total SOC in the silt and clay
(SC) fraction, which is atypical magnitude for agricultural
soils. Bol et al. (2009) also found that 67% and 23% of SOC
stored in the clay and silt fraction, respectively, while
Christensen (2001) reported that 50-75% and 20-40% SOC is
usually attached to clay and silt particles, respectively, in
temperate soils. Flessa et al. (2008) found 88% of SOC in the
silt and clay fraction of two German arable soils and
suggested that the main stabilization mechanism is the
formation of organo-mineral complexes. Compared with other
land use types, such as grassland or forest, the proportion of
SOC stored in this fraction is very high in arable soil (Steffens
et al., 2011; Poeplau and Don 2013), while macro-aggregates
do not play a significant role. Dou, (2015) 24 also found that
soil organic C (SOC) was highly affected by tillage, cropping
sequence, and N fertilization in wheat systems. Two
significant interactions in surface soil samples affecting SOC
were tillage by N fertilization and tillage by cropping
sequence. Under NT, SOC was significantly higher with than

without N fertilization. In general, SOC decreased with depth.
SOC level is a balance of net input and net output. The greater
input of plant residues with enhanced cropping intensity and
slower decomposition under

NT may explain higher SOC under NT than CT in wheat
systems [Fig 26 i]. The C: N ratio of SOM under CT was
greater than with NT through all soil depths in all crop
systems. Differences, however, were only significant in
surface soil [Fig 26 ii]. Soil microbial biomass (SMB) was
more affected by tillage than by cropping intensity or N
fertilization in all cropping systems. l.e. in wheat systems,
SMBC under NT was 18, 25, and 13% greater in CW, SWS,
and WS, respectively, than for CT in surface soil. Lower
SMBC under NT than CT was observed at a depth of 5 to 15
cm. At 15- to 30-cm depth, however, there was no consistent
change between CT and NT. Nitrogen fertilization also
increased SMBC in all cropping systems, although it was not
significant [Fig 26 iii].
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Fig. 26: i) Soil organic C (SOC), ii) the C:N ratio of soil organic matter (SOM),and iii) Soil microbial biomass C (SMBC) with depth as affected
by cropping sequence, tillage, and N fertilization at a) 0- to 5-, b) 5- to 15-, and c) 15- to 30-cm depths. CW, SWS, and WS indicate continuous
wheat, sorghum-wheat-soybean, and wheat-soybean, respectively. CS in sorghum and soybean refers to continuous sorghum and soybean,
respectively. CT and NT refer to conventional and no tillage, respectively.

Doetter] et al. (2015) revealed that generally, AS
concentrations per unit C decrease with the size of the fraction
and are especially low in the non-aggregated silt and clay
fraction. In addition, the non-aggregated silt and clay fraction
shows generally the highest differences between topsoil and
subsoil abundance of AS per unit C at all slope positions; this
is especially pronounced at the stable plateau and eroding
slope position. Moreover, the bulk soil AS values are similar
for the topsoil along the slope (GalN-C: 22.5+1.9 mgg ! SOC;
GluN-C: 34.7£22.2 mgg! SOC) with highest values at the
depositional site. In contrast, sub-soils of the stable plateau
(GaIN-C: 7.240.6 mgg!' SOC; GIuN-C: 16.3+4.6 mgg™'
SOC) and the eroding slope (GalN-C: 6.3+1.0 mgg™' SOC;
GIuN-C: 15.7+3.5 mgg ' SOC) profile show significantly
lower values compared to sub-soils at the depositional site
(GaIN-C: 25.1+6.1mgg! SOC; GIuN-C: 54.246.9 mgg!

SOC). All fractions contain a large portion of AS per unit C in
the topsoil (GalN-C: 19.1+3.5 mgg™' C; GIuN-C: 42.0+£9.7
mgg ' C), while in sub-soils the contribution of AS to total C
is higher in the macro-aggregates (GalN-C: 16.3+2.5 mgg™!
C; GIUNC: 36.5+7.3 mgg™' C) than in the micro-aggregate
(GaINC: 12.7+6.0 mgg ™' C; GIuN-C: 31.1+13.0 mgg ™' C) and
the non-aggregated silt and clay fraction (GalN-C: 6.5£5.7 mg
g! C; GIuN-C: 12.2+12.2 mgg! C). Interestingly, at the
depositional site, the amount of AS per unit C in the micro-
aggregate and non-aggregated silt and clay fraction decreases
with depth compared to the macro-aggregate fraction, where
no such trend could be observed [Fig. 27]. Wang et al. (2014)
report, for a cropland slope from the same region with similar
topographic setting, a re-aggregation of deposited and buried
C within macro-aggregates.
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Fig 27: AS per unit SOC in the bulk soil (1) and the fractions (11— IV) along the slope and for different depths

Conclusions

Land use and soil management may affect soil organic carbon
stabilization in a rice—wheat system of the North West Indo-
Gangetic Plains. Soil cultivation led to a decrease in SOC
stocks. In a rice-wheat system, conservation-tillage promoted
increases on C stocks in labile and humified SOM fractions,
compared to conventional tillage. Light and coarse SOM were
the fractions most sensitive to changes in the management
system. Compared with labile fractions, a higher absolute C
stocks increase occurred in humified SOM fractions under no-
tillage. SOC stabilization is higher in the surface soils than the
sub surface soils. The topsoil layer (0-20 cm) is tilled and
receives residue inputs that are subsequently mineralized,
contributing some nutrients to the soil. For this reason, this
layer possesses higher SOC than the lower soil layers.
Relationships of SOC storage between the soil depths (0-20
cm and 0-60 cm, 0-20 cm and 0-120 cm) showed strong
correlations. The effective SOC sequestration in upper depth
(0-20 cm) is due to continuous nutrient recycling as crop
residue in conservation agriculture. Less carbon content and

changed in conventional methods of establishment likely due
to continuous losses of carbon during tillage and no recycle of
carbon via residue.

Conversion of natural ecosystems into agricultural lands for
intensive cultivation severely depletes SOC pools. A judicious
management of soils under competing and diverse land uses is
the key to increasing SOM. Use of crop residues management
in rice-wheat cropping systems combined with NT practices
followed by proper fertilization can enhance SOC
sequestration. A relevant mechanism of SOC storage in
aggregates is the sequestration of plant debris in the core of
soil micro-aggregates inaccessible to microbial processes.
This mechanism is essential to stabilizing aggregates and
sequestering SOC. Magnitude of SOC sequestration in the
soil system depends on the residence time of SOC in
aggregates. Micro-aggregates are bound to old organic C,
whereas macro-aggregates contain younger organic material.
The SOC confinement in the interior of micro-aggregates is
the source for long-term C sequestration in terrestrial systems.
Ultimately, interactions of clay minerals with C-enriched
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humic compounds control the protection, residence times, and
turnover of SOC within the micro-aggregates.

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 stabilization is required. Specifically, understanding
SOC and nutrient dynamics during transition from
conventional to conservation systems are required. SOM
stabilization process involving interactions with variable
charge minerals is probably important in maintaining and
restoring soil and environmental quality in tropical and
subtropical regions.

References

1. Acharya GP, McDonald M, Tripathi B, Gardner R,
Mawdesley K. Nutrient Losses from Rain-Fed Bench
Terraced Cultivation Systems in High Rainfall Areas of
the Mid- Hills of Nepal. Land Degradation &
Development. 2007; 18:486-499.

2. Ali ljaz, Nabi Ghulam. Soil carbon and nitrogen
mineralization dynamics following incorporation and
surface application of rice and wheat residues. Soil
Environ. 2016; 35(2):2007-2015

3. Arrouays D, Deslais W, Badeau V. The carbon content of
topsoil and its geographical distribution in France, Soil
Use Manage. 2001; 17:7-11.

4. Awale R, Chatterjee A, Franzen D. Tillage and N-
fertilizer influences on selected organic carbon fractions
in a North Dakota silty clay soil. Soil Till Res. 2013; 134:
213-222

5. Batjes NH. Total carbon and nitrogen in the soils of the
world. Eur. J Soil Sci. 1996; 47:151-163.

6. Batjes NH. Carbon and nitrogen stocks in the soils of
Central and Eastern Europe. Soil Use Manage. 2002;
18:324-329.

7. Batjes NH. Soil carbon stocks of Jordan and projected
changes upon improved management of croplands.
Geoderma. 2006; 132:361-371.

8. Bol R, Poirier N, Balesdent J, Gleixner G. Molecular
turnover time of soil organic matter in particle-size
fractions of an arable soil. Rapid Communications in
Mass Spectrometry. 2009; 23:2551-2558.

9. Brahim N, Bernoux M, Blavet D, Gallali T. Tunisian soil
organic carbon stocks. Int. J. Soil Sci., 2010; 5:34-40.

10. Bruce JP, Frome M, Haites E, Jauseu H, Lal R. Carbon
sequestration in soils. J Soil Water Conserve. 1999;
54:382-389.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

~1733~

Buysse, P, Roisin C, Aubinet M. Fifty years of contrasted
residue management of an agricultural crop: Impacts on
the soil carbon budget and on soil heterotrophic
respiration. Agric, Ecosys. Environ. 2013; 167:52 59.
Cambardella CA, Elliott ET. Particulate soil organic-
matter changes across a grassland cultivation sequence.
Soil Sci. Soc. Am. J. 1992; 56:777-783.

Carter MR. Analysis of soil organic matter storage in
agroecosystems. Pages 3-11 in M. R. Carter and B. A.
Stewart, eds. Structure and organic matter storage in
agricultural soils. CRC Press/Lewis Publishers, Boca
Raton, FL, 1996.

Carter MR. Soil quality for sustainable land management:
organic matter and aggregation interactions that maintain
soil functions. Agron. J. 2002; 94:38-47

Chen, Guo Chao., Zhen, He. Li., Chen, G.C., and He, ZL.
Effect of land use on microbial biomass-C, -N and -P in
red soils. J Zhejiang Univ. Sci. 2003; 4:480-484.

Chen H, Hou R, Gong Y, Li H, Fan M, Kuzyakov Yakov.
Effects of 11 years of conservation tillage on soil organic
matter fractions in wheat monoculture in Loess Plateau of
China. Soil Till Res. 2009; 106:85-94.

Christensen BT. Physical fractionation of soil and
structural and functional complexity in organic matter
turnover. European J Soil Sci. 2001; 52:345-353

Collins HP, Elliot ET, Paustian K, Bundy LG, Dick WA.,
Huggins DR, Smucker AJM et al. Soil carbon and fluxes
in long-term Corn Belt agro-ecosystems. Soil Bio
Biochem. 2000; 32:157-168

Dalal RC, Wang W, Allen DE, Reeves S, Menzies NW.
Soil nitrogen and nitrogen-use efficiency under long-term
no-till practice. Soil. Sci. Soc. Am. J. 2011; 75:2251

Das D, Dwivedi BS, Singh VK, Datta SP, Meena MC,
Chakraborty D, Bandyopadhyay KK, Kumar R, Mishra
RP. Long-term effects of fertilisers and organic sources
on soil organic carbon fractions under a rice—wheat
system in the Indo-Gangetic Plains of north-west India,
Soil Res. 2016; 55(3):296-308

Doetterl S, Cornelis JT, Six J, Bode S, Opfergelt S,
Boeckx P, Van Oost K. Soil redistribution and
weathering controlling the fate of geochemical and
physical carbon stabilization mechanisms in soils of an
eroding landscape. Biogeosciences. 2015;12:1357-1371
Dong NM, Brandt KK, Sorensen J, Hung NN, Vanach C,
Van Tan PS, Dalsgaard T. Effects of alternating wetting
and drying versus continuous flooding on fertilizer
nitrogen fate in rice fields in the Mekong Delta, Vietnam.
Soil Biol. Biochem. 2012a; 47:166-174.

Dong W, Zhang X, Wang H, Dai X, Sun X, Qiu W, Yang
F. Effect of different fertilizer application on the soil
fertility of paddy soils in red soil region of southern
China.  PLoS One. 2012b; 7:e44504. doi:
http://dx.doi.org/10.1371/journal.pone.0044504.

Dou FG. Long term tillage, cropping sequence, and
nitrogen fertilization effects on soil carbon and nitrogen
dynamics. Ph.D. Thesis, Fugen Dou, B.S., Zhejiang
Agricultural University, Hangzhou, China, 2015.

Dou X, He Ping, Cheng X, Zhou Wei. Long-term
fertilization alters chemically-separated soil organic
carbon pools: Based on stable C isotope analyses.
Scientific Reports. 2016, 6: doi:10.1038/srep19061
Fearnside PM, Barbosa RI. Soil carbon changes from
conversion of forest to pasture in Brazilian Amazonia.
Forest Eco. Manag, 1998; 108:147-166



Journal of Pharmacognosy and Phytochemistry

27

28

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

. Follett RF. Global climate change, US agriculture, and
carbon dioxide, J Prod. Agric. 1993; 6:181-190.
. Flessa H, Amelung W, Helfrich M, Wiesenberg GL,
Gleixner G, Brodowski S, Rethemeyer J, Kramer C,
Grootes PM. Storage and stability of organic matter and
fossil carbon in a Luvisol and Phaeozem with continuous
maize cropping: a synthesis. J Plant Nutri. Soil Sci. 2008;
171:36-51.
Fisk M, Santangelo S, Minick K. Carbon mineralization
is promoted by phosphorus and reduced by nitrogen
addition in the organic horizon of northern hard wood
forests. Soil Bio Biochem. 2015; 81:212-218.
Franzmeier DP. Yahner JE, Steinhardt GC, Sinclair HR.
Color patterns and water table levels in some Indiana
soils. Soil Sci. Soc. Am. J 1983; 47(6):1196-1202.
Gathala MK, Ladha JK, Saharawat Y'S, Kumar V, Vivak
Kumar, Sharma PK. Effect of Tillage and Crop
Establishment Methods on Physical Properties of a
Medium- Textured Soil under a Seven-Year. Soil Sci Soc
Am J. 2011; 5:1851-1862
Ge T, Nie S, Hong Y, Wu J, Xiao H, Tong C, Iwasaki K.
Soluble Organic Nitrogen Pools in Greenhouse and Open
Field Horticultural Soils under Organic and Conventional
Management: A Case Study. European J Soil Bio. 2010c;
46:371-374.
Griepentrog M, Bodé S, Boeckx P, Hagedorn F, Heim A,
Schmidt MWI. Nitrogen deposition promotes the
production of new fungal residues but retards the
decomposition of old residues in forest soil fractions.
Global Change Biology. 2014; 20:327-340.
Himes FL. Nitrogen, Sulphur and Phosphorus and the
sequestering of carbon. pp. 315-319. In: Lal, R., Kimble,
J.M., Follett, R.F. and Stewart, B.A (eds.), Soil Processes
and the Carbon Cycle. Boca Raton, CRC Press. Florida,
1998.
Ingram JSI, Fernandes ECM. Managing Carbon
Sequestration in Soils: Concepts and Terminology.”
Agric Ecosyst Environ. 2001; 87:111-117.
Jenkinson DS. The fate of plant and animal residues in
soil. In: Greenland, D.J. and Hayes, M.H.B. (eds.), The
Chemistry of Soil Processes. John Wiley and Sons, New
York, 1981, 505-561.
Kahlon MS, Khurana K. Effect of land management
practices on physical properties of soil and water
productivity in wheat-maize system of North West India.
Applied Eco. Environ. Res. 2017; 15(4):1-13.
Karhu K, Hilasvuori E, Fritz H, Biasi C, Nykénen H,
Liski J et al. Priming effect increases with depth in a
boreal forest soil. Soil Biol. Biochem. 2016; 99:104-107.
Kasper M, Buchan GD, Mentler A, Blum WEH.
Influence of soil tillage systems on the aggregate stability
and the distribution of C and N in different aggregate
fractions. Soil Till. Res. 2009; 105:192-199.
Konen ME, Burras CL, Sandor JA. Organic carbon,
texture, and quantitative color measurement relationships
for cultivated soils in north central lowa. Soil Sci. Soc.
Am. J. 2003; 67:1823-1830.
Kirkby CA, Richardson AE, Wade LJ, Passioura JB,
Batten GD, Blanchard C, Kirkegaard JA. Nutrient
availability limits carbon sequestration in arable soils.
Soil Bio Biochem. 2014; 68:402-409.
Lal R. Soil conservation for carbon sequestration. Proc.
10" International Soil Conservation Organization
(ISCO), Purdue University, Indiana, USA. 1999.

43.

44,

45.

46.

47,

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

~1734~

Lal R. Soil Carbon Sequestration Impact on Global
Climate Change and Food Security. Sci. 2004; 304:1623-
1626

Lal R. Carbon sequestration in soils of Central Asia.
Land Degrad. Develop. 2004a; 15:563-572.

Lal, R. Soil health and carbon management. Food Energy
Secur. 2016; 5:212-222.

Lantz A, Lal R, Kimble J. Land use effects on soil carbon
pools in two major land resource areas of Ohio, USA. In:
Stot, D.E., Mohtar, R.H. and Steinhardt, G.C.(eds.),
Sustaining the Global Farm. 10th ISCO meeting at
Purdue University, Purdue, 2001, 499-502.

Lehmann J, Kinyangi J, Solomon D. Organic matter
stabilization in soil micro aggregates: implications from
spatial heterogeneity of organic carbon contents and
carbon forms. Biogeochem. 2007; 85:45-57.

Lugato E, Berti A, Giardini L. Soil organic carbon (SOC)
dynamics with and without residue incorporation in
relation to different nitrogen fertilization rates.
Geoderma. 2006; 135:315-321.

Lugo AE, Brown S. Management of tropical soils as
sinks or sources of atmospheric carbon. Plant Soil. 1993;
149:27-41.

Mamta Kumari, Chakraborty D, Gathala MK, Pathak H,
Dwivedi BS, Tomar RK, Garg RN, et al. Soil aggregation
and associated organic carbon fractions as affected by
tillage in a rice—wheat rotation in North India. SSSAJ
2011; 75:560-567.

Mandal B, Majumder B, Adhya TK, Bandyopadhyay PK,
Gangopadhyay A, Sarkar D et al. The potential of
double-cropped rice ecology to conserve organic carbon
under subtropical climate. Glob Change Biol, 2007;
14:2139-2151

Memon MS, Jun Guo, Tagar A Ali, Nazia Perveen,
Changying Ji, Memon SA et al. The effects of tillage and
straw incorporation on soil organic carbon status, rice
crop productivity, and sustainability in the rice-wheat
cropping system of eastern china. Sustainability, 2018;
10:1-14.

Miltner A, Bombach P, Schmidt-Brucken B, Kastner M.
SOM genesis: Microbial biomass as a significant source.
Biogeochemistry. 2011; 111:41-55.

Murty D, Kirschbaum MF, McMurtrie RE, McGilvary H.
Does conversion of forest to agricultural land change soil
carbon and nitrogen? A review of the literature. Global
Change Bio, 2002; 8:105-123

Naresh RK, Gupta RK, Dhaliwal SS, Arvind Kumar,
Rathore RS. Dipender Kumar Ashok Kumar, et al.
Dynamics and Soil Organic Carbon Retention Potential
after 16 years by different land uses and Nitrogen
Management in Typic Ustochrept Soil. Paddy Water
Environment, 2018.

Poeplau C, Don A. Sensitivity of soil organic carbon
stocks and fractions to different land-use changes across
Europe. Geoderma. 2013; 192:189-201.

Poeplau C, Kétterer T, Bolinder MA, Bérjesson G, Berti
A, Lugato E. Low stabilization of aboveground crop
residue carbon in sandy soils of Swedish long-term
experiments. Geoderma. 2015a; 237-238:246-255.
Poeplau C, Lisa Reiter, Antonio Berti, Thomas Kétterer.
Qualitative and quantitative response of soil organic
carbon to 40 years of crop residue incorporation under
contrasting nitrogen fertilization regimes. Soil Res, 2017;
55:1-9.



Journal of Pharmacognosy and Phytochemistry

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Purakayastha TJ, Chhonkar PK, Bhadraray S, Patra AK,
Verma V, MA. Khan MA. Long-term effects of different
land use and soil management on various organic carbon
fractions in an Inceptisol of subtropical India. Australian
J Soil Res, 2007; 45:33-40.

Potter K, Velazquez-Garcia J, Scopel E, Torbert H.
Residue Removal and Climatic Effects on Soil Carbon
Content of No-Till Soils. J Soil Water Conser. 2007;
62:110-114.

Reeves DW. The role of soil organic matter in
maintaining soil quality in continues cropping systems.
Soil Till Res. 1997; 43:131-167.

Reicosky DC, Kemper WD, Langdale GW, Douglas CL.
Jr., Rasmussen PE. Soil organic matter changes resulting
from tillage and biomass production. J Soil Water
Conser, 1995; 50:253-261.

Rodriguez-Murillo JC. Organic carbon content under
different types of land use and soil in peninsular Spain.
Biol. Fert. Soils, 2001; 33:53-61.

Rojas M, Muno Z, Jordan A, Zavala LM, Rosa D, De la,
Abd-Elmabod SK, Anaya-Romero M. Organic carbon
stocks in Mediterranean soil types under different land
uses (Southern Spain). Solid Earth. 2012; 3:375-386.
Schrumpf M, Kaiser K, Guggenberger G, Persson T,
Kogel-Knabner 1, Schulze ED. Storage and stability of
organic carbon in soils as related to depth, occlusion
within  aggregates, and attachment to minerals.
Biogeosciences. 2013; 10:1675-1691.

Scott Wallace, Tran Thi Hoa, Curt Carnemark, Ami
Vitale, and Ray Witlin. Carbon sequestration in
agricultural soils. International Bank for Reconstruction
and Development/ International Development
Association or the World Bank, Washington DC 20433.,
2012.

Shahid M, Nayak AK, Chandrika Puree, Rahul Tripathi,
Banwari Lal, Priyanka Gautam et al. Carbon and nitrogen
fractions and stocks under 41 years of chemical and
organic fertilization in a sub-humid tropical rice soil. Soil
Till Res. 2017; 170:136-146.

Shahmir, Ali Kalhoro, Xuexuan Xu, Wenyuan Chen, Rui
Hua, Sajjad Raza, Kang Ding. Effects of Different Land-
Use Systems on Soil Aggregates: A Case Study of the
Loess Plateau (Northern China). Sustainability, 2017;
9:1349; doi: 10.3390/su9081349

Shrestha BM, Sitaula BK, Singh BR, Bajracharya RM.
Soil organic carbon stocks in soil aggregates under
different land wuse systems in Nepal. Nutr Cycl
Agroecosys. 2004; 70(2):201-213.

Simonson RW. Soil color standards and terms for field
use-history of their development. pp. 120. In: Bigham,
J.M. and Ciolkosz, E.J. (eds.), Soil Color. Soil Sci. Soc.
Am. Spec. Pub. 31, SSSA, Madison, W1, 1993.

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.

Smith WN, Desjardius RL, Pattey E. The net flux of
carbon from Agricultural soils in Canada, 1970-2010.
Glob. Change Biol. 2000; 6:557-568.

Spargo JT, Cavigelli MA, Alley MM, Maul JE, Buyer JS,
Sequeira CH, Follett RF. Changes in soil organic carbon
and nitrogen fractions with duration of no-tillage
management. Soil Sci. Soc. Am. J. 2012; 76:1624.
Steffens M, Kolbl A, Schork E, Gschrey B, Kogel-
Knabner |. Distribution of soil organic matter between

75.

76.

77.

78.

79.

80.

81.

~1735~

fractions and aggregate size classes in grazed semiarid
steppe soil profiles. Plant Soil. 2011; 338:63-81.

Vidya KR, Hareesh GR, Rajanna MD. Sringeswara AN,
Balakrishna G, Balakrishna AN, Gowda B. Changes in
microbial biomass C, N and P as influenced by different
land-uses. My forest. 2002; 38:323-328.

Wang X, Cammeraat ELH, Cerli C, Kalbitz K. Soil
aggregation and the stabilization of organic carbon as
affected by erosion and deposition, Soil Biol. Biochem.
2014; 72:55-65.

Xiaolei Huang, Chenglong Feng, Guanglei Zhao, Mi
Ding, Wenjing Kang, Guanghui Yu, Wei Ran, and
Qirong Shen. Carbon Sequestration Potential Promoted
by Oxalate Extractable Iron Oxides through Organic
Fertilization. Soil Sci. Soc. Am. J. 2017; 81:1359-1370
Xu M, Lou Y, Sun X, Wang W, Baniyamuddin M, Zhao
K. Soil organic carbon active fractions as early indicators
for total carbon change under straw incorporation. Biol.
Fertil. Soils. 2011; 47:745-752.

Zhao J, T Ni, J Li, Q Lu, ZY Fang, QW Huang, RF.
Zhang R et al. Effects of organic-inorganic compound
fertilizer with reduced chemical fertilizer application on
crop yields, soil biological activity and bacterial
community structure in a rice-wheat cropping system.
Appl. Soil Ecol. 2016; 99:1-12.

Zhou Z, Sun O, Huang J, Li L, Liu P, Han X. Soil carbon
and nitrogen stores and storage potential as affected by
land-use in an agro-pastoral ecotone of northern China.
Biogeochem. 2007; 82:127-138.

Zinke PJ, Stangenberger AG, Post WM, Emmanuel WR.
Olson JS. Worldwide organic soil carbon and nitrogen
data. ORNL/TM-8857. Oak ridge national laboratory.
Oak Ridge, Tennessee, 1984.



