P-ISSN: 2349-8528
E-ISSN: 2321-4902

1JCS 2019; 7(4): 3047-3065
© 2019 1JCS

Received: 19-05-2019
Accepted: 23-06-2019

Saurabh Tyagi

Department of Agriculture;
Shobhit University, Meerut,
Uttar Pradesh, India

RK Naresh

Department of Agronomy;
Sardar Vallabhbhai Patel
University of Agriculture &
Technology, Meerut, Uttar
Pradesh, India

Satya Prakash

Department of Agriculture;
Shobhit University, Meerut,
Uttar Pradesh, India

Kanti Tyagi
Syngenta India Limited, India

Lali Jaat

Department of Agronomy,
Sardar Vallabhbhai Patel
University of Agriculture &
Technology, Meerut, Uttar
Pradesh, India

NC Mahajan

Institute of Agricultural
Sciences, Department of
Agronomy, Banaras Hindu
University, Varanasi, Uttar

Pradesh, India

Correspondence

Saurabh Tyagi

Department of Agriculture;
Shobhit University, Meerut,
Uttar Pradesh, India

International Journal of Chemical Studies 2019; 7(4): 3047-3065

Studies

International Journal of

Dynamic of new generation tillage and crop
establishment techniques on crop-water
productivity and soil health in rice-wheat rotation
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Abstract

Conventional tillage and crop establishment methods such as puddled transplanting in the rice-wheat
(Oryza sativa L.—Triticum aestivum L.) system in the Indo-Gangetic Plains (IGP) require a large amount
of water and labour, both of which are increasingly becoming scarce and expensive. We attempted to
evaluate alternatives that would require smaller amounts of these two inputs. The yields of rice in the
conventional puddled transplanting and direct-seeding on puddled or non-puddled (no-tillage) flatbed
systems were equal. Yields of wheat following either the puddled-transplanted or no-tillage direct-seeded
rice were also equal. Compared with conventional puddled transplanting; direct seeding of rice on raised
beds had a 13 to 23% savings of irrigation water, but with an associated yield loss of 14 to 25%.
Nevertheless, water use efficiency (WUE) in the rice—wheat system was higher with direct-seeded rice
(0.45 g L") than with transplanted rice (0.37-0.43 g L™!). Moreover, CT-TPR system, zero till direct-
seeded rice (ZT-DSR) consumed 6%-10% less water with almost equal system productivity and
demonstrated higher water productivity. Bulk density (Db) of the 10- to 20-cm soil layer was highest
under puddled treatments (1.74-1.77 Mg m~3) and lowest under ZT treatments (1.66-1.71 Mg m™3).
Likewise, 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~'. Infiltration was higher (0.29-0.40 cm h™') in ZT treatments than
puddled treatments (0.18 cm h™!). Gradual improvement in soil physical parameters in ZT system
resulted in improvement in wheat yield and is expected to be superior in long run on system (rice-wheat)
basis. Although the labile pools of SOC were positively affected by conservation tillage practices (CT-
NT, NT-NT, and NT-CT), the less labile pool was only influenced by the continuous NT and NT-CT in
the 0- to 5-cm depth. Plots under NT-NT and NT-CT had about 27 and 19% higher labile SOC pool than
CT-CT plots (5.65 g C kg soil), and NT-NT and NT-CT plots had about 14 and 11% higher less labile
SOC pool than CT-CT plots (2.61 g C kg soil) in that soil layer. SOC storage decreased with soil depth,
with a significant accumulation at 0-20cm depth. Plots under NT-NT had about 10% higher coarse (250—
2000 pm) intra-aggregate particulate organic matter-C (iPOM-C) within >2000 pm sand free aggregates
in the 0- to 5-cm soil layer compared with CT-CT plots. The fine (53-250 pm) iPOM—-C within the 250-
to 2000-um aggregates was also higher in the continuous NT plots compared with CT within both >2000
and 250 to 2000 pum sand free aggregate size classes in that soil layer. The application of conservation
tillage practices to be crucial for maintaining crop, water productivity and soil quality in soils of the
North Western IGP.

Keywords: Indo-gangetic plains, soil organic carbon, productivity, crop establishment technique

Introduction

India is endowed with rich and diverse natural resources and climatic variations, which enable
it to grow many plant species, commonly grown in the tropical, subtropical and temperate
regions. In spite of the rich resource base, its burgeoning population makes it difficult to
maintain a balance with food production. Self-sufficiency in food is a major challenge for the
country. Natural resources are vital to agrarian livelihoods, and for this reason, sustainable use
of available natural resources is critical for national food security. In India, natural resources
are seen as vehicles of development, employment generation, and poverty alleviation and
diversified options for livelihood of millions of people.
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Since there are many competing end-uses of land resources in
national economy, a multiple range of state and federal laws
govern their use across the federal structure of the country. It
is a common knowledge that the Indo Gangetic Plains (IGP)
produces about 50% of the total food grains to feed 40% of
the population of the countryl. Of the 610 administrative
districts in India, 185 are located in the IGP. The IGP
occupies a total area of approximately 52.01 m ha and
represents eight agro ecological regions (AER) and 14 agro-
ecological sub regions (AESRs). The area of the IGP is nearly
13% of the total geographical area of the country, and more
than 280 million rural inhabitants reside in this area.

Rice and wheat are staple food crops of the world cultivated
on an area around 370.4 m ha. A large proportion of world
population relies on rice and wheat for daily caloric intake,
income and employment. Rice-wheat cropping system is one
of the major cropping systems in South Asia and is practiced
in 14 million hectares area (Singh et al., 2010) 1 providing
food for more than 400 million people. The rice—wheat
production systems are fundamental to employment, income,
and livelihoods for hundreds of millions of rural and urban
population of South Asia (Saharawat et al., 2010) 2”1, This
system covers about 10.5 million hectares in India contributes
26% of total cereal production, 60% of total calorie intake and
about 40% of the country’s total food basket (Sharma et al.,
2015 B9 (Mondal et al., 2016) 1. In India rice occupies
nearly 44.1 million hectares area, 105.5 million tonnes total
production with a productivity of 2291 kg/ha productivity for
the year 2014-15 (Anonymous, 2016) [, Naresh et al. (2017)
271 reported 7% yield reduction in wheat yield when grown
after puddled transplanted rice in comparison to wheat grown
after direct seeded rice under unpuddled condition.
Conventionally grown rice-wheat leads to depletion of SOC at
the rate 0.13 t ha! yr! from 0 to 0.6 m depth of eastern IGP
(Sapkota et al., 2017) °1. Declining soil health, decreasing
water use efficiency and environmental pollution are major
sustainability issues of RWCS (Bhatt et al., 2016) [,
Sequestering soil organic carbon (SOC) is the key strategy to
improve soil health and mitigating climate change.
Furthermore, increased allocation of SOC into passive pools
of longer residence time helps to achieve higher carbon
sequestration in soils (Mandal et al., 2008) 21,

Tillage is one of the basic inputs of crop production, actually
tillage alters the rhizosphere environment by modifying most
of the physical properties of the soil, viz. bulk density and soil
strength, hydraulic conductivity and aggregates stability,
infiltration rate and porosity due to formation, destruction and
rearrangement of soil particles and aggregates and alternation
in clod size distribution (Guzha, 2004). In the conventional
systems involving intensive tillage, there is gradual decline in
soil organic matter by quicker oxidation and burning of crop
residues causing pollution, greenhouse gases emission, and
loss of valuable plant nutrients. However, the extent of the
impacts of tillage is variable depending upon the inherent soil
characteristics and climatic conditions. Efficient management
of costly input like diesel, at present having substantial
subsidy, can help in reducing the cost of production, and

thereby making, the produce more competitive. In
conventional practice of rice growing with manual
transplanting of rice seedlings in random geometry after
intensive dry, wet tillage and puddling contributes
significantly to these challenges, making this system
unsustainable. Resource Conserving Technologies (RCTS)
include any new technologies (cultivars; more efficient
implements; reduced or minimal tillage; soil, water, and crop
management practices) that are more efficient, use less inputs,
improve production and income, and attempt to overcome
emerging problems (Gupta and Seth, 2007). Jat et al. (2014)
[13] reported significantly higher rice-wheat system grain yield
in conservation tillage as compared to conventional tillage
(CT) practice in IGP of India. Carbon is the central element
that determines soil fertility through mediating the release of
various plant available nutrients in soil, thus determines yield
of crops. Simultaneously, it improves the soil resilience
through buffering various soil properties, which provide good
soil environment for plant growth (Chan, 2010) . In addition
to this, higher SOC improves microbial activity and better
physical environment in soil, thus ensures better health of
soil. The review paper was made to address the issues of
declining soil health and yield stagnation in conventional rice-
wheat cropping system and we have tried to answer the
following questions: (1) Is CA superior over farmer’s practice
in terms of crop-water productivity and carbon stabilization?
(2) Is intensive cultivation practice with new tillage and crop
establishment practices in RWCS can be adopted as an
alternate superior technology in terms of TOC build up and
crop yield? and (3) to propose reasonable CA strategies to
improve the associated organic carbon fractions in intensively
managed soil on the North Western IGP.

Naresh et al. (2014) 3 revealed that the relative yields of
transplanted rice on permanent beds decreased progressively
over the years, from 6.6% of CT-TPR in the first rice crop
year (2009) to 9.8% of CT-TPR in the fourth crop cycle
(2012). Whether this was a direct effect of soil water
availability or an indirect effect on other factors such as redox
and nutrient availability is not known. In addition to tillage
and crop establishment practices, distribution of rainfall had
an effect on the rice yield in the four years. Rice yields were
higher in 2010 as compared to 2009, 2011 and 2012 in Table
1, due to favorable distribution of rainfall, that is, more rains
at particular intervals during the crop establishment. Rice
yields in zero till transplanted rice (ZT-TPR), reduced till
direct-seeded rice (RT-TPR) and transplanted rice on wide
raised beds (WBed-TPR) were on at par with CT-TPR. On
average, the highest rice yields (5.76, 5.53, 5.33 and 5.13
t/hm?) were obtained in CT-TPR, followed by ZT-TPR,
WBed-TPR and RT-TPR. In direct seeded rice (DSR), yields
were 16.3%-25.2% less than ZT-TPR, RT-TPR, WBed-TPR
and CT-TPR. This indicated that water and labor intensive
operation of puddling can be avoided without yield penalty in
rice. WBed-TPR yielded 6.6%, 7.4%, 8.0% and 9.8% lower in
2009 to 2012, respectively, than in CT-TPR. Moreover,
WBed-TPR suffered from water stress compared to when
planted on flat land resulting in lower yields.
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Table 1: Yield, water application and water productivity under various crop establishment techniques

Naresh et al. (2014) I also found that soil on the top of
permanent raised beds retained lower bulk density than that in
conventional puddle transplanted rice (Fig. 1). The
differences arose presumably because there was less structural
disruption of aggregates and settlement in the unsaturated
condition of the raised beds compared to the saturated
condition of the conventional puddled transplanted rice. With
the passage of time, the differences between soil physical
parameters get narrowed (Limon et al., 2006) because the
height of bed gets reduced and become compacted. The

Crop establishment Water application (mm/hm") Yield (t/hm’) Water productivity (kg/nr)
techmque 2009 2010 2011 2012 2009 2010 2011 2012 2009 2010 2011 2012
CT-TPR. 2995 2890 2950 2745 573 6.10 5.65 5.60 0.191 0211 0192 0204
CT-BCR 2950 2735 2885 2695 425 435 420 415 0144 0159 0146 0154
ZT-DSR 2790 2595 2765 2535 430 445 425 410 0154 017 0154 0162
ZT-TPR 2835 20663 2795 2590 550 590 545 525 0194 0222 0195 0.203
RT-DSR 2895 2710 2845 2645 420 450 410 4.05 0145 0166 0144 0153
RT-TPR 3075 2950 3025 2790 525 545 5.18 465 0170 0185 0171 0.167
WBed-DSR 2575 2155 2395 2245 4.25 435 4.15 395 0165 0202 0173 0176
WBed-TPR 2615 2210 2465 2330 535 5.65 5.25 5.05 0205 02% 0213 0217
CDat 5% - - - - 0.56 0.68 0.49 1.08 - - - -
CT-TPR. Conventional-till puddled transplanted rice; CT-BCE. Conventional-till puddled broadcast seeded nice; ZT-DSR., Zero till direct-seeded
rice; ZT-TPR, Zero till transplanted rice; RT-DSE, Reduced till direct-seeded rice; RT-TPR, Reduced till transplanted rice; WBed-DSR, Direct
seeded rice on wide raised beds; WBed-TPR, Transplanted rice on wide raised beds.

infiltration rate was greater under WBed-DSR than under CT-
TPR, which was similar to those under ZT-DSR and CT-
DSR. WBed-DSR and ZT-DSR had significantly higher soil
aggregates (> 0.25 mm) than CT-TPR. Further, under
conventional-tillage, soil aggregation was static across the
seasons, whereas it improved over time under zero-till and
permanent beds (Fig. 1).The mean weight diameters of
aggregates (average of all size groups) were significantly
higher under ZT-DSR and WBed-DSR and increased over
time compared with conventional-tillage (Fig. 1).

100
BBulk density MInfiliration rate B Water stable aggregates (= 0.25 mm) B Cone index BMWD (mm) of soil aggrepates

B0 T

60 b T
%
Z 40}
7

20

0 = e e e
CT-TPR CT-BCR £T-DSR ZT-TPR RT-DSK RT-TPR WBed-DSR WBed-TPR
20 L
Crop establishment technique

Fig 1: Effects of crop establishment on soil properties of rice crop [bulk density, water stability of aggregates, clod breaking strength and soil
organic carbon (%)]

Gathala et al. (2011) P! revealed that the soil penetration
resistance (SPR) increased with the increase in depth up to 20
cm, irrespective of treatment. In surface soil (5-cm depth),
SPR was highest (1.3-1.4 MPa) in ZT flat beds (Ts and Ts)
and the differences from other treatments (T1—T4) ranged from
26 to 51%. The T, (puddled TPRAWD/ZT wheat) had 20%
higher SPR than T; (puddled TPR/CT wheat) and Ts and Te

(ZT flat) had 28% higher SPR than Tz and T, (raised beds). In
subsurface soil (15- and 20-cm depth), the trend of SPR was
reverse to surface soil, and it was higher in puddled (T and
T,) than in the rest of the treatments (Ts—Ts) (Fig. 2a). At 15
and 20 cm, SPR was 9 to 25% and 24 to 33% lower in T3—Ts
than T1 and T, respectively.
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Fig 2(a): Effect of tillage and crop establishment methods on soil penetration resistance (4-yr average, 2005-2006 to 2008-2009) in 7-yr rice—
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Fig 2(b): Effect of tillage and crop establishment methods on water-stable aggregate size distribution after 7-yr rice—wheat rotation

Gathala et al. (2011) ©! reported that the size distribution of
WSA after seven rice-wheat cropping cycles differed in
different treatments (Fig. 2b). The T1 and T, had lower (about
half) WSA > 1.00 mm, but higher WSA <0.25 mm than Ts—
Te. However, the aggregate size distribution in T3—Ts was not
different. According to these data, conventional puddling
decreased macro-aggregates (>1.00 mm) in favour of micro-
aggregates (<0.25 mm), and ZT and raised beds increased
macro-aggregation by either binding the micro-aggregates or
protecting them against destruction, or both. Tillage
operations break soil aggregates and expose soil organic
carbon (SOC) for decomposition. Zero-till increases soil
aggregation by reducing soil disturbance and increasing soil
organic matter, and possibly the growth of fungi that bind soil
particles and micro-aggregates together (Naresh et al., 2017;
Sainju et al., 2009) [27. 28],

Causarano et al. (2008) [ reported that pastures contained
significantly greater SOC than cropland at 0- to 5-cm depth
(1.9 times greater than CsT and3.1 times greater than CvT),
but there were no differences among management systems at
lower depths (5-20 cm). A similar management effect was
observed for POC, SMBC, and CMIN [Fig.3a]. Pastures and
CsT had less soil disturbance, which allowed SOC fractions to
accumulate at the surface. Above ground residues decompose
more slowly than incorporated residues because reduced
contact with the soil increases drying and rewetting and

reduces interactions with soil fauna and microbes. However,
the average concentrations of total SOC, POC, SMBC, and
CMIN within the surface 20 cm followed the order: pasture
>CsT>CvT (P < 0.05) [Fig.3b].The POC/total SOC ratio
decreased with soil depth in pasture and CsT, but remained
fairly constant in CvT. This suggests that POC was a larger
portion of total SOC at the soil surface, probably as a result of
the accumulation of plant and animal residues, root fragments,
and other labile organic materials where soil remained
undisturbed by tillage operations. Potential C mineralization
(CMIN) decreased with depth and was different among
management systems in the order: pasture >CsT>CvT
[Fig.3b]. Moreover, the impact of management on water-
stable MWD and ASD, however, following the order: pasture
>CsT>CvT [Fig.3c]. Comparing dry to wet ASD, differences
occurred mainly among large macro-aggregates (1000-4750
pum). Pasture soils withstood disruptive forces during wet
sieving better than CsT soils, which were more stable than
CvT soils. Large macro-aggregates under pasture were 24%
of the whole soil with dry and wet sieving, while large macro-
aggregates under CsT were 24%of the whole soil with dry
sieving and 17% with wet sieving; in CvT, the same
aggregate-size class was 22% with dry sieving and 10% with
wet sieving. Disruption of macro-aggregates with wet sieving
increased the <53-pum aggregate-size class, i.e., silt- and clay-
size micro-aggregates.
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and conventional tillage (CvT) systems

Zhao et al. (2018) M9 also found that the straw return
treatments, particularly MR-WR, increased the proportions of
mSOM and fine iPOM within small macro-aggregates and
micro-aggregates, especially in the 0-20 cm layer [Fig. 4a].
The carbon content of iPOM was much lower at 20—40 cm
than at 0-20 cm [Fig.4a]. Six et al. (1998) 34 revealed 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 crop-derived C in macro-aggregates were
similar in NT and CT, 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 and less stabilization of new SOM in free
micro-aggregates under CT [Fig.4b].

Naresh et al. (2017) 1 observed that the macro-aggregates
are less stable than micro-aggregates, and therefore more
susceptible to the disruption forces of tillage. The influence of
tillage on aggregate C and NT content is shown in [Fig. 4c].

At 0-15 cm, tillage effect was confined to the 2-0.25 mm size
fraction, in which the conservation tillage treatments
contained significantly higher SOC contents than CT, ST had
significantly higher NT contents than CT, and NT tended to
have higher NT contents than CT [Fig. 4c]. No significant
differences were detected in SOC and NT contents in the
0.25- 0.05 mm and <0.05 mm classes among all treatments
[Fig.4c]. The highest SOC and NT contents were found in the
2-0.25 size fraction. Data from the 15- to 30-cm samples
show generally diminished effect of tillage treatments
[Fig.4c]. Soil organic C and NT contents in the aggregate-size
fractions generally decreased with increase in soil depth for
all treatments [Fig. 4c]. Chen et al. (2009) ! reported that
reduced tillage (RT) contained 7.3% more SOC and 7.9%
more N stocks than plough tillage (PT) in the 0—20-cm depth,
respectively, and estimated that RT accumulate an average
0.32 Mg C ha yr! and 0.033 Mg N ha yr! more than PT
over an average period of 11 years, respectively.
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Gu et al. (2016) 9 revealed that SOC concentration in all
treatments decreased with soil depth. The significant
differences of SOC among treatments were solely at depths of
0-40 cm, where soil physicochemical properties changed.

Further changes would have occurred following activity by

microorganisms. Average SOC content at depths of 0-40cm in
ST and GT were 6.26 g kg and 6.59 gKg* respectively,
significantly higher than that of 5.44 g kg™ in CK [Fig 5a.].
The use of ST and GT increased SOC by 15.15% and 21.14%
respectively. In the course of the growing season, SOC
concentrations in all treatments presented substantial changes
with seasons. The maximum SOC was recorded in the dry and
cold season, and the minimum in the warm and wet season.

Gu et al. (2016) % also found that compared to the control
without cover (CK), ST and GT treatments increased the
contents of SOC,LOC, DOC, POC and EOC by 14.73%,
16.5%, 22.5%, 41.5% and 21%, respectively, in the 0-40 cm
soil layer, and by 17%, 14%, 19%, and 30%, respectively, in
the 0-100 cm soil layer [Fig.5b]. The contents of organic
carbon and its active fractions decreased with increasing soil
depth in all of the treatments. SOC was accumulated in the
period of December to the following March. The contents of

soil DOC and LOC were high in January to March, while the
contents of soil POC and EOC were high in June to
September. The relative contents of soil organic carbon
fractions were POC > EOC > LOC > DOC over the four
years. However, ST and GT treatments significantly increased
soil DOC concentrations at depths of 0-40 cm, by 28.56% and
23.33% respectively, [Fig.5c] compared to CK, but there was
no difference between ST and GT treatments at each layer of
the soil profile. The increase in DOC with ST may be due to
the soluble decomposed organic materials of the straw, while
the increase in DOC with GT could possibly be attributed to
an increase in organic acids and water-soluble carbohydrates
from rhizo-deposition and root exudates. In addition, a
decrease in surface runoff under GT and ST was an important
reason for the increased DOC, as DOC may be lost with
runoff. Compared with CK, the DOC in GT and ST was
favorably leached, deposited and absorbed into the subsoil
layer, resulting in higher concentrations of DOC at depths of
20-40 cm [Fig.7c]. This was probably because of low soil
bulk density in ST, and in GT lower pH would have increased
DOC adsorption by soil (Jardine et al., 1989] 14,
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Liu et al. (2016) ! showed that the mass proportion both of
coarse-sand (2000-200 um) and clay (< 2 um) fractions
increased with prolonged rice cultivation, but the aggregate
size fractions were dominated by fine-sand (200-20 um) and
silt (202 pm) fractions across the chronosequence. SOC was
highly enriched in coarse-sand fractions (40-60 g kg*) and
moderately in clay fractions (20-25 g kg™), but was depleted
in silt fractions (~10 g kg™). The recalcitrant carbon pool was
higher (33-40% of SOC) in both coarse-sand and clay
fractions than in fine-sand and silt fractions (20-29% of
SOC). However, the ratio of labile organic carbon (LOC) to
SOC showed a weakly decreasing trend with decreasing size
of aggregate fractions [Table 2A]. The divergence of the
uncultivated marsh soil to the rice soils could be attributed to
the land use impact as a determinant factor for SOC turnover
(Qian et al., 2013) 1, The increased allocation of SOC to
clay-sized fraction could be attributed to the accelerated
formation of clay and hydroxyl Fe/Mn minerals (Wissing et
al., 2013) 81 due to long-term paddy management (Kaolbl et
al., 2014) 1% Total soil DNA (deoxyribonucleic acid) content
in the size fractions followed a similar trend to that of SOC.
Despite the largely similar diversity between the fractions,
16S ribosomal gene abundance of bacteria and of archaeal
were concentrated in both coarse-sand and clay fractions.
Being the highest generally in coarse-sand fractions, 18S

rRNA gene abundance of fungi decreased sharply but the
diversity gently, with decreasing size of the aggregate
fractions [Table 1B]. In the clay sized fractions of aggregates,
DNA content was independent of SOC, which could be either
inaccessible to microbes or non-degradable due to binding to
minerals or as inert carbon (Kogel-Knabner et al., 2008) 51,
In contrast, the DNA of microbes, here mainly as bacterial or
archaeal in the soils, could be mostly adsorbed on clay
minerals or hidden in small micro pores within the fine
aggregates (Chiu et al., 2006) . Naresh et al. (2018) [
revealed that as compared to conventional tillage, the
percentages of >2 mm macro-aggregates and water-stable
macro-aggregates in rice-wheat double conservation tillage
(zero-tillage and straw incorporation) were increased 17.22%
and 36.38% in the 0-15 cm soil layer and 28.93% and 66.34%
in the 15-30 cm soil layer, respectively. Zero tillage and straw
incorporation also increased the mean weight diameter and
stability of the soil aggregates. In surface soil (0-15 cm), the
maximum proportion of total aggregated carbon was retained
with 0.25-0.106 mm aggregates, and rice-wheat double-
conservation tillage had the greatest ability to hold the organic
carbon (33.64 g kg"). In the NPK + FYM treatment, LOC
was ~16% significantly higher in topsoil than the sub-surface
soil.

Table 2: (A) SOC, total N and LOC in g kg* and SMBC in mg kg™ of the size fractions (PSFs) of the soil chronosequence and (B) DNA
content (ug g1), and the copy numbers of bacterial (BA; copies x10°g™), fungi (FA;copies x107g™) and archaeal (ArA;copies x108g™) of the size

fractions [Liu et al., 2016] [2°],

Fraction Soil DNA BA FA ArA
Coarse sand PO 332+ 0.07Ae 5.86 £ 0.75Ad 8.92 + 1.50Ab 0.81 +£0.03Ce
(2000-200pum) P50 35.33+£042Aa 46.18+9.21Aa 15.50£2.60Aa 6.37 £0.81Bd
P100  24724+2.14Ac  31.45£5.79ADb 10.49 £ 0.87Ab 13.54 £ 0.73Bc
P300  16.20£0.05Ad 10.124+£2.39A¢  8.124+0.32Ab 16.01 £ 1.06Ab
P700  31.95+0.64ADb 1425+ 1.03Ac  9.40+0.71Ab 21.17 £0.48Ba
Fine sand PO 3.63 £ 0.28Ab 490+ 0.45Ab 3.23x0.27Bc 2.83 £ 0.18Ac
(20020 pm) P50 4.35 £ 0.40Db 8.42%+ 1.75Ba 8.04 £ 0.25Ba 5.27x1.12Bd
P100  13.634+3.30Ba 7.75£1.18Ca 8.37 £0.67Aa 8.16 £ 2.27Cab
P300 997 £0.33Ba 492+ 1.10Bb 6.23 +0.23Bb 3.57 £0.24Cb
P700  12.834+£0.33Ca 8.16x 1.64Ba 2.43x£0.19Cd 7.68 £0.66Ca
Silt PO 1.57 £0.28Bc .78 £0.15Bc 3.98+0.57Ba 0.29 = 0.02Dd
(202 pm) P50 10.02£1.58Ca 10.64£295Ba 4.25+0.30Ca 248 £0.44Cc
P100  B.25x0.12Cab 5.78 £ 0.36Ch 2.17 £0.20Bb 8.65 £0.09Ca
P300 778 x0.31Cb 5.91 = 0.81Bb 2.47 £0.45Bb 6.60 = 0.27Bb
P700  925x0.64Da 6.16 =0.29Bb 3.68x0.19Ba 944+ 1.41Ca
Clay PO 4.00 %= 1.89Ad 5.27T £ 0.61Ac 0.52+0.03Cd 1.83 £0.10Bc
(<2 pm) P50 17.62+£0.26Bb  38.05+£4.92Aa 1.31 £0.07Dc¢ 14.08 £ 2.13Ab
P100 1620+ 0.38Bb 15.86 £3.31Bb 1.94 +0.30Bb 4466+ 13.68Aa
P300  11L17X£0.90Bc 13.03 £2.58ADb 1.39 + 0.40Cb 22,16 x6.17Aa
P700  25.67+0.57Ba 15.63 £2.24Ab 2.48=+0.31Ca 36.00+3.82Aa
PSF Soil SoOC Total N LLOC SMBC
Coarse sand PO 11.07 = 1.20Ad 1.04 +0.11Ad 6.22+0.18Ac not determined
(2000200 um) P50 53.44 + 1.09ADb 4.15 £0.49Aa 27.85x 1.61Aa 794.7 =47.0Ac
P100 41.74 £ 1.31Ac 3.37 £0.38Ab 19.69 + 1.16Ab 1052 +£73.7Ab
P300 40.64 = 1.57Ac 272 +0.12Ac 18.80 + 1.45Ab 1385 =88.1Aa
P700 60.79 = 1.88Aa 4.43x0.22Aa 28.64 % 1.90Aa 1480 = 166.2Aa
Fine Sand PO 9.90 £ 0.43Ac 1.01 =0.14Ac 4.34 =0.14Bb 188.0 =8.0Ac
(20020 pm) P50 8.45 1+ 0.27Cc 0.73x0.11Dd 3.66 =0.57Cb 309.2 = 16.5Bb
P 100 16.48 =0.41Cb 1.57 £0.14Cb 7.36 £0.32Ca 441.1 = 13.4Ba
P300 15.16 = 1.45Cb 1.51 =£0.13Bb 7.03 £0.30Ca 445.9 = 28.2Ba
P700 19.86 = 1.11Ca 1.81 £0.12Ca 7.99 £ 0.65Ba 449.9 + 25.9Ba
Silt PO 5.13+0.19Bb 0.52+0.14Bd 1.53 +0.13Db 166.7 =4.5Ad
(202 um) P50 10.73 = 0.55Ba 1.20£0.11Cb 4.50%0.13Ca 296.2 + 15.0Bc
P100 10.13 =0.44Da 1.15 £0.09Cc 4.10 £0.26Da 287.0x2.7Cc
P300 11.37 £ 0.58Da 1.334+0.11Ba 4.39 +0.29Da 392.1 = 15.0Ba
P700 10.57 =0.43Da 1.11 =0.08Dc 3.95 £0.69Ca 348.3 £ 10.5Cb
Clay PO 9.29 + 0.29Ac 1.17 £0.15Ad 2.96 £0.27Cc 155.6 = 18.1AcC
(<2pum) P50 19.80 = 1.47Bb 2.27 £0.14Bc 7.99 = 0.28Bb 284.9 + 19.7Bb
P100O 22.94 + 1.43Ba 2.70 £0.12Bb 9.19 £ 0.35Ba 279.4 £5.0Cb
P300 23.45 + 1.46Ba 2.924+0.12Aa 9.36 + 0.40Ba 3248+ 13.1Ca
P700 24.36 = 1.65Ba 2.73+£0.16Bb 9.05 =0.47Ba 325.7 £8.1Ca
\bbreviation: SOC: soil organic carbon, LOC: labile organic carbon. SMBC: soil microbial biomass carbon.
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Naresh et al. (2017) ¥ reported that after 15 years, Ts
treatment resulted in significantly increased 66.1%, 50.9%,
38.3% and 32% LFOC, PON, LFON and POC, over Ty
treatment and WSC 39.6% in surface soil and 37.4% in
subsurface soil. Out of the four C fractions, LFOC was the
most sensitive indicator of changes in TOC induced by the
soil tillage and nutrient management practices [Table 3].
LFOC were also significantly higher following the treatments

including organic amendment than following applications
solely of chemical fertilizers, except that the Fs, Fs and F7
treatments resulted in similar LFOC contents. Application
solely of chemical fertilizers had no significant effects on
LFOC and LFON fractions compared with unfertilized
control plots. Nevertheless, application of Fs or Fe
significantly increased contents of POC relative to Fi (by
49.6% and 63.4%), respectively.

Table 3: Effect of 15 years of application of treatments on contents of various labile fractions of carbon in soil [Naresh et al., 2017] 24,

0-5 cm laver S5-15 cim laver
Treatments WEC PO PO LFOC LFON WaL PO PO LFOC LFON
(mgkg ") | (mgkg ") | (mgkg") | (mgkg") | (mgkg") | imgkg") | (mgkg"y | (mgkg") | (mgkg"y | imgkg) |
Tillage crop residue practices
T: 2394 53gd 7.4 g1.34 .14 157 538 54,7 5514 7.84
T: 159 goE™ 55,67 107.8% 11.5° 17.54 6747 74,54 24, 1% a.1°
T 27.8W 110%® 106, 790 15%.2% 13.3% 10,60 TR 1.5 132 6% 101,000
T, 22 7790 7794 95,7 g g4 17.69 SO0l 60 1% 87.6° 8.3
Ts 264> 1033" o7 .4 1258 12.6™ 20.3% B 2% 873%™ 102.9% 10.4%
Te 1018 1557 117.5° 177.8° 14.2° 2260 074 106,17 141.2* 11.8°
T3 17.2° [ 225 517 g.24d 13.2¢ 483 15.8F 49 8% 6.5
Mulrient Alanagement Practices

Fi 21.9¢ [N 24,7 80, 2° i 5T 1%.1¢ 255 17.3% 47.0f 5.0
F: 2g 3o B60° 932 &< 0645 o &€ 20 20 789 7360 g5 0d §.gc
Fi 10 8° s 96,5 108,15 10,55 11.8% E 79, 4% o, e a G5
Fa 2844 788 71,99 91.3% 7.99 18.8° 728 59,42 &5, 7" 7.28
Fs 3.5 1381* 130.8* 183.9* 13.8° 26.4° 1032a 112.1* 152.6% 12.4*
Fs 31.6" 1156% 114.2% 160.5* 12.6 23.6% aSah a5, T 130.7° 11.9*
F7 30,0 1102% TEE FERL 11.5% i 826h g5, 1= i03.2% 10.1%

Valuwes i a column followed by the same letter are not sigmificantly different (P < 0.05).

WSC = water soluble C, POC = particulate organic C, PON =
particulate organic N, LFOC = light fraction organic C, and
LFON = light fraction organic N.

Krishna et al. (2018) [*"] reported that the total organic carbon
(TOC) allocated into different pools in order of very labile >
less labile > non labile >labile, constituting about 41.4, 20.6,
19.3 and 18.7%, respectively. In comparison with control,
system receiving farmyard manure (FYM-10Mg ha’season-1)
alone showed greater C build up (40.5%) followed by 100%
NPK+FYM (120:60:40 kg N, P, K ha’+5 Mg FYM ha
Iseason™) (16.2%). In fact, a net depletion of carbon stock
was observed with 50% NPK (-1.2 Mg ha) and control (-1.8
Mg ha) treatments. Only 28.9% of C applied through FYM
was stabilized as SOC. A minimal input of 2.34 Mg C ha! y!

is needed to maintain SOC level [Table 4]. The magnitude of
carbon pools extracted under a gradient of oxidizing
conditions was as follows: Cyv >C > Cni> Cp constituting
about 41.4, 20.6, and 19.3 and 18.7%, respectively, of the
TOC [Table 3]. However, the contribution of VL, L and LL
pools to SOC was 51.2, 23.1 and 25.5%, respectively. While
active pool (Cvi+CL) constituted about60.1%, passive pool
(CLL+Cny) represented 39.9% of the TOC. Among the
treatments, 100% NPK+FYM (44.4%) maintained a
proportionately higher amount of soil C in passive pools.
With an increase in the dose of fertilization, on average, C
allocation into passive pool was increased (33.0, 35.3, 40.7%
and 39.3% of TOC under control, 50% NPK, 100% NPK and
150% NPK treatments, respectively).

Table 4: Oxidisable organic carbon fractions (very labile, labile, less labile and non-labile) in soils (g kgt) at different layers (cm) [Krishna et
al., 2018] M,

Treatment Very labile C Labile C
0-15 15-30 30-45 Total 0-15 15-30 30-45 Total
Control 3.6+0.5¢ 1.4+0.3" 1.3+0.2° 6.3+0.4° 2.4+0.3" 1. 0x0.2° 0.8+0.4* 4.2+0.6°
50% NPK 4.620.3™ 2.140.7" 1.540.1° | 8.120.9° 1.740.4% 0.940.5* 0.740.2° 3.320.7°
100% NPK 4,440,3% 2.340,2* 1.420.5" | 8.0:0.7" 1.840.4™ 0.8+0.5* 0.6+0.3* 3.240.8"
150% NPK 5.0+0.2°° 2.6+0.2° 1.5+0.1" | 9.0£0.3" 1.240.3" 0.7+£0.2* 0.9+0.2* 2.8+0.4"
100% NPK+FYM 4.8+0.2%" 2.0:0.2* 1.3+0.3* | 8.120.2* 1.9+0.3* 0.7+0.2* 0.7£0.3* 3.4%0.2*
FYM 59+1.3* 2.2+0.2* 1.4+0.3" 0.5+1.6% 2.5:0.9" 0.7+0.3* 0.7+0.2* 3.9:0.9"
Fallow 4.240.7™ 1.5+0.5° 0.720.3% | 6.3+0.8" [ 2.2+1.0° 1.00.3* 1.0:0.4* 4.1x1.1°
Less labile C Non labile C
“Control 1.5+0.3° 0.6+0.4° 0.4:0.0° | 2.6+0.79 1.2+0.5" 1.2£0.3* | 0.2+0.2° 2.620.5"
50% NPK 1.8+0.1¢ 0.4%0. ¢ 0.5+0.2° | 2.7+0.1¢ 1.2+0.9° 1.7+0.8* 0.7£0.4* 3.5=1.8*"
100% NPK 2.540,3" 0.8+0.1™ 1.1+0.2°" | 4.440.1° 1.340.6" 1.520.6° | 0.5+02* 3.3+1.0"
150% NPK 2.6+0.2° 0,940,1™ 00,4402 3.9+40,1"° 1.440.3" 1.540.2* 0.8+0.1* 3.7+0.3%"
100% NPK+FYM 2.7+0.6° 1.5+0,2* 1.4+0.1° 5.6x0.7° 2.0+0.8° 1.320.1* 0.3+0.3*" 3.5£0.7*
FYM 1.9+0.7™ 1.7+0.2° 1.020.2° | 45207 | 37%1.3° 1.0£0.2° | 05205" 5.1%1.9°
Fallow 1.540.3° 1.3+0.7% 09404 | 3.8+1.2% 2.1+0.2" 1.420.7* 0.4+0,2* 3.920.9%"
Mvalues in the same column followed by different letters are significantly different at P<0.001 according to Duncan’s Multiple
Range Test (DMRT) for separation of means. = indicates the standard deviation values.
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Six and Paustian, (2014) 33 observed that the carbon content
of soil aggregates was much lower in the 20—40 cm layer than
in the 0-20 cm layer because the field machinery used mainly
distributed straw within the topsoil. Fine particulate OC of
small macro-aggregates tended to increase with increasing
straw input in the 0-20 cm layer [Fig.6a], indicating that
increased straw input is conducive to the formation of micro-
aggregates due to the positive role of intra-POM on the
formation and stability of micro-aggregates. Fang et al.
(2015) reported that the cumulative carbon mineralization (C
min, mgCO,-C kg soil) varied with aggregate size in BF and
CF top soils, and in deep soil, it was higher in larger
aggregates than in smaller aggregates in BF, but not CF. The
percentage of soil OC mineralized (SOC min, % SOC) was in
general higher in larger aggregates than in smaller aggregates.

Meanwhile, SOC min was greater in CF than in BF at topsoil
and deep soil aggregates [Fig.6b]. Shahbaz et al. (2016) also
found that the absolute amounts of residue C were higher at
high level throughout all size classes. However the portion of
residue derived C (% of initial input) incorporated into
aggregates was smaller at high addition level in macro- and
micro-aggregates [Fig.6¢c]. Moreover, the portion of root-
derived C in micro-aggregates was significantly higher
compared to stalk and leaves [Fig. 6¢]. The proportion of
protected residue-derived C was smaller at high addition level
for all types of residue. Thus, increasing addition level
promotes macro-aggregate formation. However, the low
proportion of physically protected residues at high addition
levels leads a decreasing C-stabilization rate within SOM.
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Fig 6(a): Organic C content (g kg—1 soil) of the SOC fractions: coarse iPOM, fine iPOM, mSOM, and free LF of small macro-aggregates and
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Dutta and Gokhale, (2017) [ observed that the reduced tillage
in the conservation plot resulted in higher soil moisture
content, due to plant debris accumulated on the top layer of
the soil. Water infiltration increased in conservation plot,
which can be attributed to minimum tillage practice [Fig.7a].
Particle density or specific gravity of soil which refers to the
density of the solid particles collectively was found to be
higher and bulk density was significantly lower in
conservation plot. The average bulk density was found to be
0.69gcm™ in conservation plot while in conventional plot it
was1.17gcm3. The per cent pore space or porosity was found
to be higher in conservation plot in the range of
50.11+8.40%-88.87+3.59%. This is because decreased soil
disturbance leads to lesser soil compaction, which increases
pore-space [Fig.7a].The SOC was found to be higher in

conservation plot and it ranged from 3.17+0.01kgm™ to as
high as 20.42+0.56 kgm? during heading stage [Fig.7b],
which can be attributed to the increased accumulation of
organic matter in the top soil due to minimum disturbance
(minimum tillage).The reduced disturbance prevents the
exposure of soil particles to microbial attack, hence reducing
the loss of organic matter [Fig.7b]. A significantly higher
amount of SOC was seen in heading stage, which may be
because of more amount of surface water present due to heavy
rainfall at that particular time [Fig.7b]. In conventional plot,
less SOC was seen (2.08+0.01kgm2 —7.92+0.12kgm?). Here,
due to continuous tillage practices, the soil aggregates were
disrupted, exposing the SOM and increasing the soils decay
rate.
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Sheng et al. (2015) 32 revealed that the LFOC appeared to be
more sensitive to land use changes than SOC both in top and
subsoil [Fig.8a].The decrease in ROC stock through the soil
depth profile. MBC stock decline was more pronounced in
topsoil (49-86%) than in subsoil (21-61%) following land use
change. DOC and MBC were the most sensitive indicators to
land use change [Fig.8a]. POC stock cannot be used either as
a sensitive indicator of SOC change because it is masked by
the insensitive response of the cPOC component. Although
fPOC is relatively recalcitrant and more stable than cPOC
(Jolivet et al., 2003) [ it consists of finer particles, and
therefore, it can be easily translocate downwards by
preferential flow through soil pores and cracks between
aggregates. Following land use change, the reduced
proportions of POC, LFOC, DOC, and MBC to SOC
indicated a reduction in the proportion of readily available
substrates and a lower SOC quality (Yang et al., 2009b) 91,
These results further imply that these four ratios can be
considered as active indicators to detect alterations in SOC
quality due to land use change. Furthermore, the decreased
DOC to SOC ratio in subsoil following land use change
showed that the main DOC loss occurred in the subsoil,
highlighting the importance of DOC sorption in the subsoil.
Similarly, land use and fertilization practices induced changes
in the DOC to SOC ratio, which were even higher in subsoil
than in topsoil (Liang et al., 2012). The increased ratios of
POC, cPOC and fPOC to SOC in subsoil may also be largely
associated with DOC leaching.

Wang, (2014) 57 found that LOC and POC contents after the
application of straw were significantly higher in semi-arid soil

than in sub-humid soil. Thus, the result illustrated that the
effects of OMs on labial organic carbon might be greater in
the semi-arid soil. The decomposition process of OMs could
be divided into three stages,0-90 days for a “quick
decomposition  period”, 90-180days for a  “slow
decomposition period”, and 180-540days for a “stable
decomposition period” [Fig.8b]. In 90 days, decomposition
rate of OMs was over 70%. In 540 days, residual quantities of
CM, SM and MS decreased to 5.69, 6.11, and 6.53 g from the
initial 20g, whereas those of MR, FG, and TL decreased to
8.05, 8.84, and 10.32 g, respectively. Moreover, the
decomposition rates of CM, SM, and MS (71.55%, 68.16%,
and 68.21%) were higher than those of MR, FG, and TL
(58.64%, 55.28%, and 47.95%), respectively [Fig.8b].
Furthermore, Vanlauwe et al. (2005) [ indicated that short-
term carbon dynamics was controlled by the quality
parameters of OMs inputted, such as lignin, N, and
polyphenol contents and this funding was confirmed further
by Singh et al. (2009) 3% suggested that the quality of OMs
was an important factor on agricultural soil carbon changes
besides the amount of injected carbon. The trends of
quantities of carbon released from OMs were first quickly
increased and then tended to stable in decomposition process
[Fig.8c]. Quantity of carbon released from MS was higher
than those of other OMs in each period. In 90 days, quantities
of carbon released from OMs were over 65%. In 540 days,
quantities of carbon released from MS, TL, MR, FG, SM, and
CM were 6.38, 4.85, 4.71, 4.64, 437, and 3.80 g,
respectively.
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Fig 8(a): LOC fraction stocks in relation to depth and land use systems. LOC, LFOC, ROC, DOC and MBC represent labile organic C, light
fraction organic C, readily oxidizable organic C, dissolved organic C and microbial biomass
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Conclusion

Zero-till direct-seeded rice and wheat provided better soil
physical conditions for R-W system productivity through
physical manipulation of soil as well as changes in SOC
content. On the other hand, soil puddling (wet tillage) in rice
showed a negative impact on soil physical status for wheat.
Transplanting of rice, even without puddling, on flat or raised
beds was also detrimental to soil physical productivity. Zero-
till in wheat after puddled TPR did not improve soil physical
properties, indicating that the positive effect of ZT in wheat
was lost during rice by puddling operations. Conventional
tillage (CT) significantly reduces macro-aggregates to smaller
ones, thus aggregate stability was reduced by 35% compared
with conservation system (CS), further indicating that tillage
practices led to soil structural damage. The concentrations of
SOC and other nutrients are also significantly higher under
CS than CT, implying that CS may be an ideal enhancer of
soil productivity in the ecosystem through improving soil
structure which leads to the protection of SOM and nutrients,
and the maintenance of higher nutrient content. The average
concentration of particulate organic carbon (POC), dissolved
organic carbon (DOC) and microbial biomass carbon (MBC)
in organic manure plus inorganic fertilizer treatments (NP+S
and NP+FYM) in 0-60 cm depth were increased by 64.9—
91.9%, 42.5-56.9%, and 74.7-99.4%, respectively, over the
CK treatment. Organic carbon concentrations in the <0.053-,
0.053- to 0.25-, 0.25- to 2.0, and >2.0-mm fractions were
14.0, 12.0, 14.4, 24.1% greater, respectively, in CA than in
CF. The contents of SOC,LOC, DOC, POC and EOC by
14.73%, 16.5%, 22.5%, 41.5% and 21% in the 0-40 cm soil
layer, and by 17%, 14%, 19%, and 30% in the 0-100 cm soil
layer. These results suggest that over time, the MBC and
MBC-derived C under the fine-sized residue treatment may
constitute a significant source of stable SOC through strong
physical and chemical bonding to the mineral soil matrix.
Conventional tillage in comparison with NT significantly
reduced macro-aggregates with a significant redistribution of
aggregates - into micro-aggregates. Aggregate protected labile
C and N were significantly greater for macro-aggregates,
(>2000 and 250-2000 pm) than —micro-aggregates (53-250
and 20-53 pm) and greater for M than F indicating physical
protection of labile C within macro-aggregates. No -tillage
and M a lone each significantly increased soil aggregation and
aggregate-associated C and N; however, NT and M together
further improved soil aggregation and aggregate-protected C
and N. However, conservation tillage practices with
integrated organic manure and mineral fertilization could be
important strategies for improving SOC status and
maintaining soil quality in soils in North-Western IGP. The
conservation agriculture based alternative technologies seem
to be promising options to sustain the rice-wheat productivity
on a long-term basis.
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