Review Article

Effect of Conservation Tillage on Changes in Soil Aggregate-Associated Organic Carbon and
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Biological Pools to Nitrogen and Straw Alters in RWCS in North-Western India: A Review

ABSTRACT
Understanding of crop residue mineralization is imperative for crop residue management in crop
production. Carbon (C) and Nitrogen (N) mineralization dynamics of rice and wheat residues
under surface applied and soil incorporated conditions were evaluated in the review paper. Both
rice and wheat residues either incorporated or surface applied immabilized soil mineral N.
Incorporated residues increased soil organic carbon and soil aggregate stability significantly by

18% and 55%_pvercontrol, respectively. This review study: indicated:that crop residues
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incorporated into the soil have higher decomposition rate with a quicker-mineral N release, more
organic matter build up and soil structure improvement than retaining crop residues at the soil
surface. Compost amendment also significantly, lowered the. specific activities in macro-
aggregates and the silt + clay fraction, and this effect was more pronounced than the addition of
fertilizer NPK. Soil organic carbon build ‘up was affected significantly by tillage and residue
level in upper depth of 0-15 c¢cm but not in, lower depth of 15- 30 cm. Higher SOC content of
19.44 g kg™ of soil was found in zero tilled residue retained plots followed by 18.53 g kg™ in
permanently raised bed with-residue retained plots. Whereas, the lowest level of SOC content of
15.86 g kg™ of soil were found.in puddled transplanted rice followed by wheat planted under
conventionally tilled plots.Zero.tilled residue retained plots sequestrated 0.91g kg™™yr" SOC
which was 22.63% higher over:the conventionally tilled residue removed plots. NT treatments
increased MBC by11.2%, 11.5%, and 20%, and dissolved organic carbon (DOC) concentration
by 15.5%, 29.5%, and 14.1% of bulk soil, >0.25 mm aggregate, and 0.25 mm aggregate, and
<0.25 mm aggregate in the 0—5 cm soil layer, respectively. The stocks of SOC in the 0-50 cm
depth increased from 49.89 Mg ha™ with residue removal to 53.03 Mg ha™ with residue
retention. However, no-tillage did not increase SOC stock to a depth of 50 cm relative to
conventional tillage, and increased only by 5.35% as compared with rotary tillage. Previous crop
residue (S) treatments had higher SOC concentration of bulk soil (12.9%), >0.25 mm aggregate
(11.3%), and <0.25 mm aggregate (14.1%) than residue removal (NS) treatments. Compared

with conventional intensive tillage (CT) treatments, no tillage (NT) treatments increased MBC
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by 11.2%, 11.5%, and 20%, and dissolved organic carbon (DOC) concentration by 15.5%,
29.5%, and 14.1% of bulk soil, >0.25 mm aggregate, and <0.25 mm aggregate in the 0—5 cm soil
layer, respectively. Compared with NS treatments, S treatments significantly increased MBC by
29.8%, 30.2%, and 24.1%, and DOC concentration by 23.2%, 25.0%, and 37.5% of bulk sail,

>0.25 mm aggregate, and <0.25 mm aggregate in the 0—5 cm soil layer, respectively.

INTRODUCTION
Soil is considered the ‘skin’ of the earth with soil organic.carbon (SOC) as the protein that

protects the ‘skin’ (Dou and Guan, 2011). SOC is a key indicator of:soil quality (Bronick and
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Lal, 2005) is the basis of soil fertility and funection (Huang gt'al,, 2012) and is important for -

cementing substances as part of the formation of soil aggregates. SOC affects the number and

distribution of differently sized soil aggregates (Zheng.gt al., 2011). Soil aggregates are the basic

AT

‘cells’ of the soil structure and play an‘impertant.role in improving soil carbon sequestration and
fertility (Zhou gt al.,

A

loss, but also inhibit microbial and enzymatic decomposition of SOC through coating and \

isolation effects (Humberto and Lal, 2004). Physical fraction is widely used to study the storage
and turnover of soil organic matter (SOC), because it incorporates three levels of analysis by
examining three. sizes of ‘aggrégate. Previous studies have demonstrated that the interaction
between soil structure and aggregates determines the quality of the SOC pool. SOC is primarily

distributed in, water-stable aggregates of larger sizes (> 1mm) and SOC content increases with

AT

aggregate diameter (Liu gt al,, 2009). The combined application of chemical fertilizer and straw .-

greatly 'improves SOC accumulation in water-stable aggregates of this size (Zhou and Pan,
2007).
Tillage and residue management practices resulted in improves soil structure, associated

protection of SOM and biological activities (Sharma et al., 2019; Saikia gt al., 2019) which

,,,,,,,,, ' Wttt Sy

eventually improves organic matter, soil aggregation, and nutrient cycling in agricultural

systems. Conventional tillage destroyed large macro-aggregates (LMAS) in the soil (Abid and
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Lal, 2008). In contrast, long-term no-tillage drastically reduced the rate of macro-aggregate

(MA) turnover and resulted in the formation of stable micro-aggregates (Mls), favoring C

stabilization and sequestration (Jiang gt al., 2010). This effect frequently exposes aggregates to -

AT T

physical disruption (Al-Kaisi et al.,, 2014). The resulting breaking of aggregates enhances the

AT a

accessibility of organic matter (OM) to microorganisms, stimulating oxidation and loss of

organic matter. Declines in organic matter are thus usually accompanied by a decrease in the

conversion of soil macro-aggregates is the main cause of SOC loss (Lal;. 2007).The LMAs

formed under no-tillage management had higher SOC contents and increased numbers of macro-
pores, resulting in higher water infiltration and better aeration when compared with soils that

were richer in Mis (Jiang gt al., 2011). LMAs also physically protect the labile soil OC from

A7 T

could be achieved by establishing management practices that increase the proportion of soil MAs

(Blanco-Canqui et al

AT T A

2007). Under no tillage, crop residue decomposes at a slower rate, leading

to a gradual build-up and increase in soil organic carbon (SOC). The resulting substrate from

Although several studies have revealed that no-tillage management affects soil aggregation. We
hypothesized that the transition from ‘conventional tillage to the no-tillage and straw-returning
pattern would promote M| fraction retention within the LMA, resulting in higher soil OC content
in the LMA.

The present carbon status in soil:is alarming and, therefore, proper and deliberate management of
soil organic carbon is essential-for the sustainability of agricultural production systems. SOM is
not sensitive to short-term changes of soil quality with different soil or crop management
practices due, to-high background levels and natural soil variability (Haynes, 2005). Labile soil
Organic carbon pools like dissolved organic C (DOC), microbial biomass C (MBC), and
particulate organic matter C (POC) are the fine indicators of soil quality which influence soil

function in specific ways (e.g., immobilization— mineralization) and are much more sensitive to

rapidly to changes in Supply, they have been suggested as early indicators of the effects of land
use on SOM quality (Naresh gt al., 2017).
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The objectives of the present review were to (i) analyze the effects of changes in tillage and
straw returning management on the sequestration of OC in different size aggregates and maintain
soil structure and quality in the intensive agro-ecosystem in the Western Uttar Pradesh. (ii) (2)
microbial metabolic activity is improved by conservation tillage at the small-scale in soil in the
plow layer, and the microbial metabolic activity is correlated to SOC within aggregates under
conservation tillage and (iii) among tillage systems (straw systems), microbial metabolic
activities, organic C fractions, and SOC to elucidate the relationship better between soil
microbial metabolic diversity and SOC within aggregates in the Rice-Wheat Cropping:System.
Soil and Water-Stable, Aggregate-Associated Organic Carbon Content

Simansky et al. (2017) reported that the soil-management practices.significantly influenced the -

AT A

soil organic carbon in water-stable aggregates (SOC in WSA). The content'of SOC in WSA ma
increased on average in the following order: T < G < G+NPK1 <G+NPK3 < T+FYM. Intensive
soil cultivation in the T treatment resulted in a statistically significant buildup of SOC in WSA
ma at an average rate of 1.33, 1.18, 0.97, 1.22.and 0.76 gkg'yr" across the size fractions > 5

Lw 3
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Content of water-stable

Fig.1: Water-stable aggregates contents under different soil-management practices where: G —

control; T— tillage; T+FYM - tillage+ farmyard manure; G + NPK3 — doses of NPK fertilizers

in 3-rd intensity for vineyards; G_#_NPK1 — doses of NPK fertilizers in 1% intensity for |

vineyards; WSAm, — water-stable macro-aggregates; WSAm — water-stable micro-aggregates.
Wagner et al. (2007) also found that in the surface soil, the mean yields of water-stable macro-

aggregates were significantly higher under MT and NT than under CT treatment. Statistically
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The carbon content of the micro-aggregates within macro-aggregates was higher under reduced
tillage treatments, indicating increased macro-aggregate turnover under CT. However, in
contrast, in 5-25 and 25-40 c¢m soil depth no negative effect by CT was found on yields of
macro-aggregates and carbon contents within macro-aggregates assume that the soil mixing and
litter incorporation in higher soil depths by CT might lead to a flush of microbial activity,
producing binding agents as nucleation sites for macro-aggregates, probably counteracting the
physical impact of tillage. In comparison to the CT treatment; both treatments under reduced

tillage had in general significantly higher Cqq contents within macro-aggregates‘in 0-5,cm soil

depth [Fig. 2b]. Due to decreasing Corg COntents within macro-aggregates with depth.under MT .

and NT, the differences in comparison to the CT treatment were less.pronounced in 5-25 cm soil
depth. In 25-40 cm soil depth the Cor content within macro-aggregates was in general higher
under CT than under MT and NT, with significant differences between CT and NT. Over time
the Corg content within macro-aggregates showed only significantvariations under NT in 0-5 and
25-40 cm soil depth [Fig. 2b].

o a0l whm
ANE A6 WA
;Imm i Wbl L AP —

(a) (b)

ol TR e
S .

sl
cr-agregates (3

[TR—

0

“ontant 130 comactsd aggegets Fachms

5 clay

Fig. 2(a): Average dry matter<yields of the macro-aggregate (>250um) fractions of the different
tillage treatments. CT with annual mould-board plowing to 25-30 cm; MT with a cultivator or
disc harrow 10-15'cm deep, and NT with direct drilling

Fig. 2(b): Average Cqqg content in sand corrected macro-aggregate (>250pm) and micro-
aggregate (250-53 um) fractions and of the silt and clay sized (<53 um) fractions of the different

tillage treatments

Naresh gt al, (2018) reported that the distribution of soil mass among the size classes of WSC ,5::""'

was strongly influenced by tillage crop residue practices in both the soil depths (0-15 cm and 15-

both the depths, T treatment had the highest WSC as compared to the other treatments studied.
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Compared to CT, FIRB and ZT coupled with 6tha™ CR increased 35.6% WSC in surface soil and
33.1% in sub surface soil. Among all the treatments, Ts had significantly higher (19.73%)

proportion of WSC than the other treatments compared. Irrespective of tillage practices, residue

VoL iall the OUier treatimicerits Compdied. 1respetuve Of tildye Practices, residuc

retention resulted in 22.56% and 25.61% higher WSC as compared to the non-residue treatments
in surface and subsurface soil, respectively. The WSC content in surface soil (0-15 cm) was
significantly higher in 100% RDN as CF+ VC@ 5tha™ (Fs) treatment (32.5 mg kg %) followed
by 75% RDN as CF+ VC@ 5tha-1 (F4) (29.8 mg kg %) and least in unfertilized control plot [(F1)

RY ) alld iCast 1 unierunZeu Loraror plotj\ry) -

(15-30 cm) and the magnitude was relatively lower. The increase in WSC in 0-15'cm soil depth

was 37.2 and 28.4% in 100% RDN as CF+ VC@ 5tha™ (F5) and 75% RDN as CE+ VC@ 5tha™
(F4) treated plots over control. WSC, an active pool of organic C, serves as both source and sink
for mineral nutrients and organic substrates in a short term, and-as a catalyst for conversion of
plant nutrients from stable organic form over a longer periad there by influencing crop
productivity and nutrient cycling.

Changes in MBC can indicate the effects:of management “practices on soil biological and
biochemical properties. The higher MBC"was: observed in the ZT and FIRB with residue
retention plots than the CT plot under the RWCS, suggests that abandonment of the cropland had
substantial beneficial effects on the activity of microbial organisms probably caused by the
accumulation of organic C.compounds at the soil surface. A possible reason for this difference is
that in the absence of growing plants other labile C fractions may provide food for microbes, and
thus maintain MBC. Another possible reason could be related to the soil moisture status. Under
the CT treatment, in which biomass production would inevitably deplete much more soil
moisture, the microbes in the plot would be stressed at the time of sampling (wheat maturity).
The microbial biemass 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™ (Fs) and 75% RDN as CF+ VC@ 5tha™ (F) treated plots compared to
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
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mgkg * (control) to 324.9 mgkg* (100% RDN as CF+ VC@ 5tha™ (Fs) in subsurface (15-30
cm) soil layer. The values of MBC increased by 72.5 and 58.4% fewer than 100% RDN as CF+
VC@ 5thal (F5) and 75% RDN as CF+ VC@ 5tha™ (F,) treatment in surface soil over control.
While, there were 34.4% increase of MBC over 100% RDF as CF (F,) fertilizer, respectively.
The highest value of MBC due to integrated use of FYM and RDN fertilizer might be due to
higher turn-over of root biomass produced fewer than100% RDN as CF+ VC@ 5tha™ treatment.
Application of 100% RDN as CF fertilizer is not only required for better growth of the crop but
also required for synthesis of cellular components of microorganisms. .Therefore, higher root
biomass under 100% RDN as CF+ VC@ 5tha™ fertilizer treatment_helped in inereasing MBC
over other treatments. Moreover, LFC is considered as a useful approach. forthe characterization
of SOC resulting from different soil management practices including cropping systems and
application of organic and inorganic sources of nutrients. The.values of LEC in surface soil (0-15
cm) were 81.3, 95.7, 107.8, 128.8, 155.2, 177.8 and.52.7 mgkg:f1 in ZT and FIRB without
residue retention, ZT and FIRB with 4 & 6ytha® residue ‘retention and C T treatments,

respectively [Table 1]. The LFC content of:the soil increased with the application of fertilizers .-

and/or VC [Table 1]. In the surface layer, the organictreatment 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 [Source: Naresh et al., 2018]

0-15 cm layer 15-30 cm laver
Treatments | WSC MBC LFC rPOIVI | ePOM WsC | MBC LFC MOM | cPOIVI
(Ingkg") | (Ingkg") | (Ingkg") | (g Ckg™") | (g Ckg") | (Ingkg™) | ™= | (lingkg”) | (g Ckg™) | (= Ckgh
. . Tillage crop residue pi actices ]

Ti 169d | 3114 81.3° 0.44° 0.92ed 1577 | 1939 | 651" 0.58%™
T2 189" | 3452be | 107.8k | 0.62bal | 182t [ 17.6d | 219.8' | 94.1be 1.31but

T3 20.81h 181.7" 1552 | 0.88th 254 19.61c | 294.8ab| 132.6' 1.93"

Ts 187" | 3065¢ | 957 0.53"7 1.03" 17.6¢° | 187.5a | 876 0.94th

Ts | "™ | 3986Y | 12880 | 0.86be | 221a | 20.3a [2409be| 102.9b | 164

Ts 232 535.8' 177.8 1.30' 2.38% 216 | 3616 | 1412 1.89°"

T7 14.2' 266.7' 52.7 0.38° 0.94° 138 [ 1459° | v 0.61°

Fertilizer Management Practices

Ft [ 219 | 1168 §9.2' 0414 0.64° 15.1° | 1060 | 47.9f | 0.8 0.48d

F2 28.4° 189.2 | 1235" | 0607 093° 188 | 16610 | 66.7" 0.45 0.59

F3 29.2' 2399 | 1464 0.71' 1.52 202 [ 1968k | 859 0.52 0.74"

Fs 29.8' 280.7b | 160.5b 1.33ab | 2.8lab | “1.9% [219.9bc| 103.2bc 0.72 1.64*

Fs 325 424.1' 183.9' 189 378 264 | 3249 [ 1529 0.92 2.34'

R F6 28.9 210.3 1332 0.66 1.19 19.8 178.2 76.4 0.51 0.63

Zotarelli et al. (2007) revealed that the amount of C within the macro-aggregates was still

markedly higher after 7 and 28 days of incubation [Fig. 3a] than in the original soil prior to
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macro-aggregate disruption. At early stages of formation the macro-aggregates are not yet
resistant and can easily break up into micro-aggregates. The fast aggregate formation rate within
the first few days of incubation, the increased amount of microbial biomass and therefore the
decreasing substrate availability might have led to a shortage of free organic material in the soils
receiving organic C and the microbial biomass used organic C within the newly built macro-
Moreover, the macro-aggregates after formation are oversaturated with SOC and only a smaller
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Fig. 3 (a): Mean dry matter yields of macro-aggregate (>250 um), micro-aggregate (250-53 pm)
and silt & clay sized (<53 pm) fractions of different soils at 0-5 and 5-25 cm soil depth and
treatments (OM1: addition-of OM: pre-incubated wheat straw at a rate of 4.1 g C kg™ soil, OM2:
addition of pre-incubated wheat straw at a rate of 8.2 g C kg™ soil, OM2_c: addition of pre-
incubated wheat strawat a rate'of 8.2 g C kg™ soil, whereat the clay content was increased to
25%, control: without any addition) after 7 and 28 days of incubation

Fig. 3 (b): Mean Cqrg content within macro-aggregate (>250 um), micro-aggregate (250-53 pm)
and silt

& clay sized (<563 pum) fractions of the different soils at 0-5 and 5-25 cm soil depth and
treatments

Hui-Ping Ou et al. (2016) reported that the proportion of the >2 mm aggregate fraction in NT+S
was 7.1 % higher than that in NTS in the 0.00-0.05 m layer. There was no significant difference
in the total amount of all the aggregate fractions between NT+S and NT-S in both the 0.05-0.20
and 0.20-0.30 m layers. NT+S and NT-S showed higher proportions of >2 mm aggregate and

lower proportions of 0.25 mm macro-aggregate was significantly higher in MP+S than in MP-S
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in most cases, but the proportion of <0.053 mm aggregate was 11.5-20.5 % lower in MP+S than
in MP-S for all the soil layers [Fig.4].

50 5 L 7 . MP-S [l MPES

E NT-S [l NT+S
a0

20
20

10

Aogregate size distribution {'%}

o
2-0.25 0.25-0.053
(B} Agaregate size class (mm)

a0

30

2o

Mqgreaate sze dstrbution [%)

2-0.25 0.25-0.0532

Aggregate size class (mm)

n

w
a
Il Il Il Il ]

Agnregate size dsiibution (%)

=z 2-0.25

0.25-0.053 =0.053

N Agaregate size class (mm) A

Fig 4: Distribution (%) of water-stable aggregates with different sizes in different soil layers as
influenced by tillage treatments. (a) 0.00-0.05 m; (b)"0.05-0.20 m; (c) 0.20-0.30 m. MP-S:
moldboard plow without straw; MP+S: moldboard plow with straw; NT-S: no-tillage without

straw; NT+S: no-tillage with straw

Naresh gt al. (2017) reported that the highest SOC concentration was obtained for 0-5 cm depth .-

and decreased with sub surface depth forall treatments. The SOC concentration in 0-5 and 5- 15
cm depths increased significantly by.farmyard manure or GM/SPM application. At the 0-5 and
5-15 cm soil depths,"SOC was highest in 50% RDN as CF+50% RDN as FYM (Fs) followed by
50% RDN as;CF+50% RDN as GM/SPM (F¢) treatments and the least in Control (no manure
and fertilizer).F; treatment. The total SOC stocks in the 0-15 cm layer was 35.17 Mg ha™ for

Jla 101 =

50% RDN:as CF+50% RDN as FYM-treated soils compared with 28.43 Mgﬂha‘1 for 100% RDN

as CF-treated plots and 26.45 Mg ha™ for unfertilized control plots [Table 2], Soil organic C

content in the 0-15 cm soil layer in the plots under 50% RDN as CF+50% RDN as FYM
treatment was 16% higher than that under 75% RDN as CF+25% RDN as FYM treated plots.
The TOC in surface soil were in the order of 50% RDN as CF+50% RDN as FYM (23.65 g kg ™)
> 50% RDN as CF+50% RDN as GM/SPM (21.47 g kg %) >1/3" N as CF+1/3" N as FYM+1/3"

N as GM/ SPM (21.40 gkg ') >75% RDN as CF+25% RDN as FYM (19.64 g kg*) >unfertilized .~
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Table 2: Effect of 15 years of application of treatments on total organic C (TOC), total N (TN),
and soil organic carbon (SOC) [Naresh et al., 2017]

0-5 cm laver 5-15 cm laver
Treatments TOC ™ SOC SOC stock | TOC ™™ SOC [ SOC stock
(gke™ | (mgkg™ | (gkg?) | Mgha') | (gke™) | (mgkg™) | (gkg!) | Mghal)
Tillage crop residue practices ]
T 19.30¢ 539¢ 5.9¢ 19.79+ 14374 489~ 4.5d 1491°
T2 23.00° 5908 6.5° 30.05° 17.98° 561° 5.80 27.70°
Ts 25 68* 696°° 72 35 40° 2163* 643 6 6° 3097*
Ts 18.50¢ 516° 4.59 22.189 14321 483° 4.6% 16.79°
Ts 23.01° 584% 6.1% 31.63% 18.89" 546 5.4° 25.99°
Ts 23.87= 8457 6.8%F 33.52% 19.08 = 765° 6.1® 20.26%
Tz 9.2gd 422¢ 3.6 1491 7.36 3284 32 9464
Nutrient Management Practices

Fi 10 99° 406 79 29 16° 9014 349< 6 8° 23.74°
3 17.78% 577° 8 4be 30.70° 15.13¢ 5546< 7.3b 26.15°
Fs 19.64° 6210 8.5k 31076 15 645 568t 7.5b< 27.75%
Fi 13.56° 544<4 8.1¢ 290.67° 13.37¢ 514¢ 7.0 29.55¢
Fs 23.65* 896° 9.6* 36.14* 19.08* 783* 83" 34.19*
Fs 2147 737> 9.0°® 34.59* 18.80° 694°° 8.1° 31.17*
Fr 21.40%® 6455 8.6° 32.62% 17.30* 608" 7.6° 29 86"

1 Values 1n a column followed by the same letter are not sigmificantly different (P < 0.05)

Soil organic carbon fractions and SOC storage in water-stable aggregates

SOC is an important index of soil quality and health and.is an.important component of the soil
fertility of farmlands, as well as being the core of soil quality and function. SOC content can
directly affect soil fertility and crop yield, and greatly affects the formation and stability of the

water-stable soil aggregate structure.

Zheng gt al. (2018) reported that.the SOC storage in macro-aggregates under different treatments -

significantly decreased with soil depth (Table 3), However, no significant variation was

observed in the micro-aggregate associated C storage with depth. SOC storage increased with

aggregate size from 1-2 to > 2mm-and decreased with a decrease in aggregate size. The SOC
storage in macro-aggregates of all sizes from 0-30cm depth was higher in the ST treatment than
in other treatments. SOC storage in micro-aggregates showed the opposite trend, with
significantly«higher levels in the CT treatment from 0-30cm, and no significant differences
between treatments below this depth. The 0.25-1.00mm diameter aggregates contributed the
most t0,SOC at the 0-10cm depth for each of the tillage treatments. The contributing rate was
34.7%-45.7%, with that of the ST and NT treatments significantly higher than that of MP and
CT. The < 0.002mm aggregates contributed the least to SOC, with a contributing rate of 1.5%-
13.4%; and those of the ST and NT treatments were significantly lower than those of MP and
CT. The total contributing rate of SOC at all depths in macro-aggregates was in the order
NT>ST>CT>MP, while that for micro-aggregates was MP>ST>CT>NT.
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The mechanism and reason for this phenomenon were the higher straw cover in the NT and ST
treatments, which can reduce soil erosion, land surface evaporation, and loss of soil organic
matter, and can improve the soil structure. Another reason is that straw mulching has a moisture
preservation effect and benefits the activities of microorganisms, which can accelerate the SOC
turnover. Furthermore, the sub-soiling effect can promote root system growth, and a large
amount of the root system and stubble can be converted into SOC through decomposition and
humification effects, thereby increasing the SOC content in deep soil and enhancing the soil
ability to accumulate C under the ST treatment. The advantage was dependent on tillage depth
and healthy soil structure throughout the soil profile. The aggregate-assaciated C in the NT and
ST treatments were higher than for the MP and CT treatment sat the 0-10cm depth due to the
amounts of organic matter and favorable soil structure. However, the aggregate-associated C of
the NT treatment decreased with soil depth but remained high under the ST treatment. The
aggregate-associated C in the NT and ST treatments. were higher.than for the MP and CT
treatment sat the 0-10cm depth due to the amounts,of organic matter and favorable soil structure.
However, the aggregate-associated C of the.NT treatment decreased with soil depth but remained
high under the ST treatment.

Table 3: Distribution of soil organic carbon storage in water-stable aggregates in different soil

layers and tillage treatments [Source: Zheng gt al:, 2018]
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Depth {cm) Treatments Macro-aggregate (t ha') Micro-aggregate (t ha')

>2mm 2-1 mm 1-0.25 mm Sum 0.25-0.053 mm 0.053-0.002 mm < 0.002 mm
0-10 ST 2.65+0.74a* 5.87+0.34a 7.75+0.23a 16.28+0.85a 1.38+0.11c 0.26+0.02c 0.26+0.08b
NT 1.40+0.07b 5.8240.36a 7.78x0.40a 15.00+£0.11a 1.26+0.10¢ 0.23x0.02¢ 0.25+0.04b
MP 0.35£0.01b 3.98+0.29b 5.914£0.43b 10.2420.17b 2.44+0.06b 0.73£0.05b 0.69:0.07a
CcT 0.44+0.04b 4.43+0.22b 6.11+0.54b 10.:99+0.37b 2.88+0.08a 1.96+0.23a 0.44+0.14ab
10-20 ST 2.43+0.03a 6.85+0.19a 9.14+0. 1 Gab 18.42+0.29a 0.61+0.01ab 1.54=0.10c 0.72+0.01ab
NT 1.62+0.02b 5.04+0.25b 8.49+0.10b 15.1540.22b 0.4940.10b 1.40=0.03¢ 0.67+0.14b
MP 0.59+0.03d 4.02+0.31c 7.67£0.31¢c 12.28£0.16¢ 0.82:0.01a 3.27 +0.06b 0.97+0.02ab
CT 1.35+0.09c 4.69+0.09bc 9.42+0.19a 15.46+0.36b 0.73+0.1lab 3.56+0.08a 1.05+0.17a
20-30 sT 3.06+0.10a 6.77+0.51a 9.92+0.17a 19.75£0.47a L.70£0.56a 0.96+0.28b 0.21£0.11c
NT 1.41+0.03b 6.32+0.47a §.3040.10ab 16.02£0.34¢ 1.99+0.13a 0.98+0.10b 0.54+0.11bc
MP 2.15+0.26b 6.52+1.23a 9.03+1.10ab 17.71+0.38b 2.03+0.22a 0.59+0.21b 0.59+0.06b
CT 2.09£0.46b 3.45+0.36b 7.7640.11b 13.3320.07d 1.880.07a 1.7320.09a 2.1240.14a
30-40 ST 1.92+0.03a 5.74+0.61a 7.01+0.57a 14.67+0.09a 1.29+0.26a 0.68+0.24a 0.33+0.04a
NT 1.06+0.25ab 4.00+0.54a 4.43+0.15b 9.50+0.34b 1.27+0.15a 0.93x0.34a 0.26=0.10a
MP 1.12+0.45ab 47140.42a 7.7240.57a 13.56£0.23a 1.2040.06a 0.56+0.14a 0.3120.12a
CcT 0.60+0.14b 287+1.53 5.83+1.19ab 9.30+1.01b 2.00+0.58a 0.95+0.26a 0.100.02a
40-50 ST 0.66+0.23ab 3.29+0.90a 4.60+0.55a 8.55+0.3% 0.79+0.35a 0.48+0.18a 0.26+0.06a
NT 0.23+0.07b 1.66+0.24a 4.02+0.36ab 5.90+£0.23c 1.09+0.26a 0.16=0.04a 0.21£0.06a
MP 0.87+0.24a 2.97+0.60a 3.35+0.26b 7.1840.27b 0.93£0.16a 0.2520.19a 0.34£0.07a
CT 0.55+0.19ab 1.71+0.20a 4.85+0.04a 7.11+0.33b 1.35+0.29a 0.33+0.11a 0.15+0.06a
50-60 sT 0.23+0.15a 1.99+0.21a 3.48£0.31a 5.69+0.05a 0.80+0.04b 0.220.04b 0.3320.06a
NT 0.34:£0.07a 1.06:0.06b 3.50£0.17a 4.900.06b 1.3340.08a 0.19+0.04b 0.17£0.03a
MP 0.31+0.11a 2214025 3.20+0.35ab 5.7240.14a 1.29+0.03a 0.20+0.06b 0.2320.07a
CT 0.15+0.03a 1.8340.10a 2.28+0.06b 4.36+0.05¢ 1.2140.02a 0.96+0.06a 0.26:0.04a i
A r'

Zheng gt al, (2018) also found that aggregate fractal dimension (D) varied with soil depth for

different treatments and was more variable.in the topsoilias compared to lower soil layers (Fig
5a). Aggregate D for the ST and NT treatments were significantly lower than for the MP and CT
treatments at the 0+10cm depth. This effect for the NT treatment disappeared with increased soil
depth; however, the ST treatment still:showed lower D for the 10-20 and 20-30cm depths. This
variation dwindled at lower depths until 50- 60cm, where there was no significant difference in
D between ST, NT, and MP; however, D was significantly lower for the CT than for the ST and
NT treatments.. Moreover, SOC content for different treatments decreased with soil depth (Fig
5b), with significantly higher content in the topsoil than in the sub-layer. At the 0-10cm depth,
the mean SOC.varied with treatment, with the conservation tillage (ST and NT) significantly
higher than.conventional tillage (CT). At 10-30cm, especially, the ST treatment was significantly
higher.%At 20- 30cm, the mean SOC from greatest to smallest was ordered ST>MP>CT>NT,
with ST significantly higher than other treatments. The highest SOC storage was for 0.25-1and
1-2mm aggregates because more SOC accumulation occurred in those aggregates. There were
more macro-aggregates in the ST and NT treatments than in the MP and CT treatments, which
showed more micro-aggregates, with their turnover closely related to SOC storage. Protection
and maintenance of the macro-aggregate stability and ratio are of great importance in the
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sustainability of soil fertility. In addition, the contributing rate of SOC in differently sized

aggregates decreased, consistent with the trend of soil aggregate-associated C storage and SOC

with increasing soil depth.

35
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Fig. ba: Effect of tillage methods on fractal dimension (D) of water-stable aggregates

Fig 5b: Effect of tillage methods on soil organic carbon

Six gt al. (1998) [48] concluded that the concentration of free LF C was not affected by tillage, .-

but was on average 45% less in the cultivated systems than NV. Proportions of cropderived C in

macro-aggregates were similar in NT'and €T, but were three times greater in micro-aggregates

from NT than micro-aggregates from CT. Moreover, the rate of macro-aggregates in CT

compared with NT leads to a slower rate of micro-aggregate formation within macro-aggregates
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and less stabilization of new SOM"in free micro-aggregates under CT [Fig. 6a]. Zhao et al. { Formatted: Font: (Default) Times New

(2018) [55] reported that'the SOC content of each aggregate class in the 0-20 cm layer was

significantly higher;than that in the 20-40 cm layer [Fig. 6b]. Increases in the SOC content of
aggregate fractions:were highest in MRWR, followed by MR, and finally WR [Fig. 6b]. Crop

derived organic particles or colloids can combine with mineral matter, binding micro-aggregates

into macro-aggregates (Liu gt al., 2014) [29]. Fresh straw incorporation provides substrate for »:i'f'/

microorganisms (An et al, 2015) [2] , and straw input can alter the distribution of SOC and

increase the SOC content of aggregates, especially in macro-aggregates (Guan gt al,, 2015) [14] .
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Fig 6 (a): Aggregate and Soil Organic Matter Dynamics under Conventional and No-Tillage
Systems
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Fig 6 (b): Organic C content (g-.kg—1 aggregate) of aggregates: LM, SM, mi, and SC in the 0-20
cm and 20-40'¢cm seil layers under MR-WR, MR, WR, and Control

Mazumdar- gt al. (2015) [34] also found that the Concentration of C was higher in macro- -

aggregates as compared to micro-aggregates. Irrespective of treatments, C concentration was
highestin 1-2 mm followed by 0.5-lmm size of macro-aggregates and the concentration

decreased as the aggregates became smaller in size [Fig. 7a]. Incorporation of organic manures .-

induces decomposition of organic matter where roots hyphae and polysaccharides bind mineral
particles into micro-aggregates and then these micro-aggregates bind to form C rich

macro=aggregates [Fig.7a]. Zhao et al. (2018) revealed that the straw return treatments,

particularly MRWR, increased the proportions of mSOM and fine iPOM within small macro-
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aggregates and micro-aggregates, especially in the 0-20 cm layer [Fig. 7b]. The carbon content
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of iPOM was much lower at 20-40 cm than at 0-20 cm [Fig. 7b].
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Fig 7 (a): Effects of long term integrated nutrient management:practices on aggregate associated
carbon in the soil

m— NRE-WREEEE MR ZZzzza WR — Conirol

0-20 em 0-20 cm
20 small macroaggregate microaggregale
g
E
2
= & A a A
o & | B
B 20-40 em 20-40 em
g 5 small macroaggregate microaggregate
Z 4
2
g, L3
1.0 4
=] an
b belt
h fine iPOM coarse iPOM  free LF free LF

i Organic C fraclionation IR

Formatted: Font: (Default) Times New
/| Roman, 12 pt

Formatted: Font: (Default) Times New
/| Roman, 12 pt

o )

Fig 7(b): Organic C content (g kg—1 soil) of the SOC fractions: coarse iPOM, fine iPOM,
mSOM, and free LF of small macro-aggregates and micro-aggregates in the 0-20 cm and 20-40
cm soil layers under MR-WR, MR, and WR



total soil carbon (TC), total inorganic carbon (TIC), total soil organic carbon (SOC) and

oxidizable organic carbon (OC) content of the surface (0 to 15 cm) soil. Wide raised beds
transplanted rice and zero-till wheat with 100% (To) or with 50% residue retention (Tg) showed
significantly higher TC, SOC content of 11.93 and 10.73 g kg™ inTs and 10.98 and 9.38 g kg™,

RY

respectively in__Ts as compared to the other treatments. Irrespective. of residue

a0 9o AuUlfipaltu Y MIs WA uraliiiviito.  iboprbuvE. M TReIUML

incorporation/retention, wide raised beds with zero till wheat enhanced 40.5; 34.5, 36.7 and
34.6% of TIC, TC, SOC and OC in surface soil as compared to CT. with transplanted rice

cultivation. Kumar gt al, (2018) also found that the ZTR (zero till with.residue retention) (T,)

AT

and RTR (Reduced till with residue retention) (T3) showed significantly higher. BC, WSOC,
SOC and OC content of 24.5%, 21.9%,19.37 and18.34 gkg", respectively:as compared to the
other treatments. Irrespective of residue retention, wheat sown in-zero till plots enhanced 22.7%,
15.7%, 36.9% and 28.8% of BC, WSOC, SOC and OC,.respectively,.in surface soil as compared
to conventional tillage. Simultaneously, residue.retention in zero-tillage caused an increment of
22.3%, 14.0%, 24.1% and 19.4% in BC, WSOC,.SOC and OC, respectively over the treatments

with no residue management. Similar .increasing trends of conservation practices on different

forms of carbon under sub-surface (15- 30e¢m) soil were observed however, the magnitude was
relatively lower.

Carbon fractions and C-stabilization

Naresh et al, (2017) revealed that WSC was found to be 3.74% higher in surface soil than in sub- -

AT T

surface soil. In both the depths; Te treatment had the highest WSC as compared to the other
treatments studied. Compared-to conventional tillage, PRB and ZT coupled with 6tha™ CR
increased 39.6% WSC in surface soil and 37.4% in sub surface soil. Among all the treatments, Ts
had significantly:-higher(20.15%) proportion of WSC than the other treatments compared. Plots
under ZT had about 32% higher POC than CT plots (620 mg kg™ bulk soil) in the surface soil

layer. In'0 - 5 cm soil layer of tillage system, T, and T treatments increased POC content from

fr V= S NS S A

620 mg_ kg in CT (T;) to 638 and 779 mgﬂkg’1 without residue retention and to 898, 1105, 1033 .-

and 1357 mg kg ' in ZT and PRB with residue retention (T2, Ts, Ts, and Te), respectively. In

g UL e L B LA T IRy AN e N0y Toy BTY D0y T RO R

subsurface layer (5-15 cm), similar increasing trends were observed; however, the magnitude
was relatively lower. It is evident that the POC contents in both surface and sub-surface soil were
significantly higher in plots receiving 50% RDN as CF+50% RDN as FYM (Fs) treated plots
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compared to 50% RDN as CF+50% RDN as GM/SPM (Fg) fertilizer and unfertilized control (F;)
plots. The values of LFOC in surface soil were 81.3, 95.7, 107.8, 155.2, 128.8, 177.8 and 52.7
retention and conventional tillage (CT) treatments. In 5- 15 cm layer, the increasing trends in
LFOC content due to use of tillage practices and residue retention were similar to those observed
in 0-5cm layer; however, the magnitude was relatively lower. Significant increase in LFOC in
surface soil (0-5 cm) was maintained in plots receiving 50% RDN as CF+50% RDN as FYM
(Fs) and integrated use of 50% RDN as CF+50% RDN as GM/SPM (Fe) fertilizerover /3N as
CF+1/3" N as FYM+1/3 N as GM/SPM (F7) over unfertilized control plots (F1).In general, the
impact of applied fertilizer, organic sources and residue retention. in improving WSC, POC,
PON, LFOC and LFON content was significant in 0 - 5 cm soil layer and was substantially
higher than in 5 - 15 cm soil layer under both ZT and PRB and CT system.

Nandan gt al. (2019) reported that tillage based crop establishment practices and residue

I et

:;fff[
[

management treatments strongly influenced TOC and soil “C—fractions, C—pools, and C-
management indices. Residue retention treatment. increased Ctrac1, Ctrac2, Crac3, Craca, and TOC
by 18, 24, 5, 10, and 12%, respectively, over.residue removal treatment. Conservation tillage
treatments (NPTPR-ZT, ZTTPR-ZT ‘and ZTDSR-ZT) had 13-21%, 12-16%, 5-7%, 9-13%,
and 9-14% higher Ciac1, Ctrac2, Chracs, Crracap.and=TOC, respectively, over CTTPR-CT. ZTDSR-
ZT and ZTTPR-ZT treatments increased active C-pool, LI and CMI over CTTPR-CT.
Irrespective of the cropping system, ZTDSR-ZT or ZTTPR-ZT with crop residue retention had
29-30% higher TOC aver conventional CTTPR-CT without residue retention. Stabilization of
added carbon in soil was the highest in ZTDSR-ZT and reduced progressively to the order of
ZTDSR-ZT >ZTTPR-ZT > NPTPR-ZT > CTTPR-CT.

Jat gt ‘al, (2019) showed that the SOC was increased by 69.7%, 40.7% and 9.0% under CSA- -

[ et

<
[

based scenarios; Sc4, Sc3 and Sc2, respectively compared to Scl (16.2 Mg C ha ) at 0-15 cm
soil depth. In surface soil layer, active and passive pool carbon (18.6 and 10.2 Mg C ha™) was
higher by 90% and 59%, with Sc4 compared to Scl (9.8MgCha* and 6.4MgCha™),
respectively. However, Sc4 (12.4MgCha ") and Sc3 (10.6 Mg C ha ') recorded highest very
labile C (Cyi) which was about 82% and 56% higher compared with Sc1 (6.8 Mg C ha %). Sc4
conserved significantly higher C. (110%), CLL (39%) and Cni (71%) at surface soil layer
compared with Scl. Highest active pool (CAP) (72%) and passive pool (CPP) carbon (47%) as

[
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per cent of SOC were recorded with Sc3 and Sc2, respectively at 0-15cm soil depth. Sc3
showed higher Cy (45-47%) and C. (23-25%) carbon content as per cent of SOC compared to
other scenarios. Highest C. (18%) and Cn. (29%) carbon were associated with Sc2 at 0-15 cm
soil depth. At 15-30 cm depth, SOC concentration was about 8% higher in Sc2 (12.5 Mg C ha %)
where crop residues were incorporated into the soil during puddling operation compared with
Sc3 and Sc4 where residues were retained on soil surface. Sc2 also showed. highest CAP
(8.6MgCha ), CPP (3.9MgCha™) and Cy (7.6 MgC ha™*) than the other scenarios at 15—
30 cm soil depth.

mg C g™ soil) followed by conventional farming (15 mg C g™ soil) and forest (9 mg C g-1 soil) |

in the topsoil layer (0-10 cm depth). Total C content declined with increasing soil depth,

remaining highest in the organic farming soil al all depths tested. A similar trend was found for

However, conventional farming and.forest soils -had similar microbial biomass content.
Microbial biomass C and N in topsoil followed the order: organic farming > conventional
farming = forest soil which contradicts hypethesis (ii). Higher soil C and N in organic farming is

Farmyard manure supplies readily available N, resulting higher plant biomass.
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Fig 8(b): Conceptual diagram representing the effect of land use on carbon and nitrogen content
in soil

Tillage system influence on soil microbial biomass and soil organic carbon storage

Microbial biomass (bacteria and fungi) is a measure of the mass of the living component of soil
organic, matter. The microbial biomass decomposes plant and animal residues and soil organic
matter to release carbon dioxide and plant available nutrients. Microbial biomass represents a
relatively small standing stock of nutrients, compared to soil organic matter, but it can act as a
labile source of nutrients for plants, a pathway for incorporation of organic matter into the soil,
and a temporary sink for nutrients. Microbial biomass is the main agent that controls the flow of

C and cycling of nutrient elements in terrestrial ecosystems. The large size of the soil microbial
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biomass implicates it as a major nutrient sink during C immobilization and as a source during

mineralization.

Dou gt al., (2008) reported that SMBC was 5to 8%, mineralized C was 2%, POM C was 14to -

AT

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. 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.

k)

At the 15-to 30-cm depth, no consistent effect of tillage was observed. Enhanced, e¢ropping
intensity increased SMBC only under NT, where SMBC was 31 and 36% greater:for SWS and

WS than CW at 0 to 30 cm. Bhattacharya et al. (2015) reported that tillage-induced changes in .-

AT A

POM C were distinguishable only in the 0- to 5-cm soil layer; the differences were insignificant
in the 5- to 15-cm soil layer. Plots under ZT had about 14% higher POM € than CT plots (3.61 ¢

kg™ bulk soil) in the surface soil layer.
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Paudel gt al. (2014) showed that, soil organic carben buildup was affected significantly by tillage .-

AT

and residue level in upper depth of 0-20 cm but.not.in lower depth of 20-40 cm. Higher SOC

content of 19.44 g kg™ of soil was found in zero tilled residue retained plots followed by 18.53 g
kg™ in permanently raised bed with residue retained plots. Whereas, the lowest level of SOC
content 0f15.86 g kg™* of soil were found in.puddle transplanted rice followed by wheat planted
(11.48 g kg %) and WBC (7.86 g kg ') were maintained in FYM treated plot, while the highest
values of LBC (1.36 g kg ')'and MBC (273 mg kg*) were found in FYM + NPK. The

under conventionally tilled-plots. Moharana gt al, (2012) revealed that the highest values of TOC -

magnitude of change in-pools of SOC in sub-surface (15-30_cm) soil was low as compared to the -

-

surface soil (0=15"cm). Significant increase in all the pools of SOC in FYM treated plots
indicates the, importance of application of organic manure like FYM in maintaining organic

carbon in seil

Kumar gt al, (2018) reported that potentially mineralizable nitrogen (PMN) and microbial

A

biomass nitrogen (MBN) content showed that in 0- 15cm soil layer T, and Tj treatments

increased from 6.7 and 11.8 mg kg™ in conventional tillage (Ts) to 8.5, 14.4 and 7.6, 14.1 mg kg

AN Y T T N P ey T Y AN o

Yin ZT and RT without residue retention and 12.4, 10.6, 9.3 and 20.2, 19.1,18.2 mg kg'1 ZT and

RT with residue retention and CT with residue incorporation (T1, Ts, Ts), respectively. Zhang gt -
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indirectly through MBC, and the input level of microbial-derived C and MBC regulate SOC

within aggregates. Xu gt al. (2011) observed that the SOC stocks in the 0-80 cm layer under NT -

Y i

was as high as 129.32 Mg C ha *,significantly higher than those under PT and RT. The order of
SOC stocks in the 0-80 c¢m soil layer was NT > PT > RT, and the same order was observed for
SCB; however, in the 0-20 cm soil layer, the RT treatment had a higher SOC stock than the PT

treatment.

Wang gt al. (2018) reported that tillage system change influenced SOC content, NT, ST, and BT -

AT T

showed higher values of SOC content and increased 8.34, 7.83, .and. 1.64 Mg-C-ha’l,
respectively, compared with CT. Among the 3 changed tillage systems; NT and“ST showed a
12.5% and 11.6% increase in SOC content then BT, respectively. Tillage system change
influenced SOC stratification ratio values, with higher value:observed in BT and NT compared

CT but ST. Therefore, in loess soil, changing tillage system can significantly improve SOC

storage and change profile distribution. Mahajan gt al; (2019) reported that the increased SOC

A

stock in the surface 50 kg m™ under ZT and PRB:was compensated by greater SOC stocks in the
50-200 and 200- 400 kg m2 interval under: residue retained,”but SOC stocks under CT were
consistently lower in the surface 400 kg m? .Soil erganic carbon fractions (SOC), microbial
biomasses and enzyme activities in the macro-aggregates are more sensitive to conservation
tillage (CT) than in the micro-aggregates. Responses of macro-aggregates to straw return showed
positively linear with increasing SOC concentration. Straw-C input rate and clay content

significantly affected the response of SOC.

Sirisha gt al. (2019) also found'that NT treatments increased MBC by 11.2%, 11.5%, and 20%, .-

AT

and dissolved organic carben (DOC) concentration by 15.5%, 29.5%, and 14.1% of bulk soil,

>0.25 mm aggregate, and <0.25 mm aggregate in the 0—5 cm soil layer, respectively. Compared
with NS treatments, S treatments significantly increased MBC by 29.8%, 30.2%, and 24.1%, and
DOC. concentration by 23.2%, 25.0%, and 37.5% of bulk soil, >0.25 mm aggregate, and <0.25
mm aggregate in the 0—5 cm soil layer, respectively. Conservation tillage (NT and S) increased
microbial metabolic activities in >0.25 and <0.25 mm aggregates in the 0-5 cm soil layer.
Maximum and significant improvement in microbial parameters was recorded in T4 with 44, 24,
27 and 24.6% increase in total nitrogen (total N), mineralizable nitrogen (MN), microbial

biomass nitrogen (MBN), and microbial biomass carbon (MBC) after a 10 day incubation period

Roman, 12 pt, Italic

{ Formatted: Font: (Default) Times New

[ Formatted: Font: (Default) Times New

Roman, 12 pt

Formatted: Font: (Default) Times New
Roman, 12 pt, Italic

[ Formatted: Font: (Default) Times New

Roman, 12 pt

{ Formatted: Font: (Default) Times New

Roman, 12 pt, Italic

[ Formatted: Font: (Default) Times New

Roman, 12 pt

{ Formatted: Font: (Default) Times New

Roman, 12 pt, Italic

{ Formatted: Font: (Default) Times New

Roman, 12 pt

. JC




over the Ts, respectively, in the surface soil and 10%, 21%, 24% and 24.2% increase in the
corresponding microbial parameters in the sub soil.

CONCLUSIONS

The conservation tillage (ST and NT) treatments effectively improved the soil structure and
strengthened the stability of water-stable soil aggregates. In addition, they increased the SOC

content and storage in aggregates of different sizes with comparison of _MP and CT.

—.e T .

Furthermore, long-term adoption of conservation tillage methods significantly increased the
content of water-stable macro-aggregates and increased the SOC content, ratio of;:and,storage in
the macro-aggregates. In particular, the ST treatment increased the SOC content and.enriched the
newly formed C in macro-aggregates.

Soil management through the use of different tillage systems:affects soil aggregation directly by
physical disruption of the macro-aggregates, and indirectly through alteration of biological and
chemical factors. Crop residue plays an important role in improving soil organic matter. Tillage
reduction and residue retention sequestration, ingcreasing both increased the proportion of soil
organic matter as microbial biomass. Micrabial immobilization of available-N during the early
phase of crops enhanced the degree of synchronization between crop demand and N supply. The
organic carbon content under no-tillage and reduced tillage system increased compared to
conventional tillage due to retention of residues-and minimum disturbance in the former system.
The no-tillage system showed. a trend to accumulate organic carbon near the soil surface layer.
Conventional tillage reduced soil.organic C stocks and that of its labile fractions both in top and
subsoil (20-100 cm). POC redugtion 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. Rice-Wheat cropping system in western
Uttar Pradesh of-India has depleted a significant amount of SOC and threatened the sustainability
of agriculture in.the region of different textured soils. Conservation tillage practices such as
reduced--and. no-tillage and crop residue addition increased SOC accumulation and improved
sustainability of agricultural systems. No-tillage increased soil aggregation, improved other soil
properties, and favorably influenced SOC accretion. Effects of crop residue addition are often
observed when it was integrated with reduced-tillage systems. This review study also revealed
several challenges and research opportunities impacts of alternative tillage and crop residue

management practices to improve SOC concentration and stock and enhance soil carbon pools.
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