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ABSTRACT

Rice-wheat cropping system is the predominant aost profitable cropping system and emerge
the major cropping system in the Indo-gangetic ndalieading to the Green Revolution; Punj
Haryana, Western Uttar Pradesh (UP) crescent hasnbthe heartland of the Green Revolutign
(GR).It occupies an area about 65 mha in thesestatut of this rice is grown on 40 mha and whgat
on 25 mha and this system contribute more than @ 8dtal cereal production in India. In Asia,t
rice-wheat system is grown on an estimated at 23lBon ha, including China with about 1
million ha,and South Asia with about 13.5 millioa. HThe area of rice-wheat system in Ind
Pakistan, Bangladesh and Nepal is 10.0, 2.2, O8] 8.5 million ha, respectively. Rice-wh
systems represent 32 per cent of the total riceaed 42 per cent of the wheat area in th
countries. Several problems associated to thisesysn the Indo-gangetic plains, however,
major problems are reduction in organic matter ofl sdepletion of water resources, lowering wa
quality and groundwater pollution, burning of res&] reduction in productivity, higher cost
production and environmental pollution. Due to thesasons the sustainability of rice-wheat sys
under great threat. Conservation agriculture offemew paradigm for agricultural research a
development different from earlier one, which maiaimed at achieving specific food grai
production targets. A shift in paradigm has becameecessity in view of widespread problem
resource degradation, which accompanied past sjiateto enhance production with little conc
for resource integrity. Integrating concerns of guativity, resource conservation, food quality al
environment is now fundamental to sustained pradtgtgrowth. Conservation Agriculture (C
offers an opportunity for arresting and reversingwhward spiral of resource degradatio
decreasing cultivation costs and making agricultmere resource-use-efficient, competitive
sustainable. ‘Conserving resources-enhancing pradity’ (CREP) has to be new mission.
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INTRODUCTION
The rice—wheat cropping system being the oldestnamst prevalent agricultural practices in Indialso
practiced in many other regions of the world andlama culture is the predominant soil management
system adopted. Rice occupies 153 m ha land thomighe world. In India, out of the 43 m ha area
under rice cultivation, puddled rice culture oc@sp24 m ha; about 56% of the ar€his involves
ploughing the soil when wet, puddling it and kegpihe area flooded for the duration of the ricepcro
Wetland rice culture thus destroys soil structurd areates a poor physical condition for the folluyv
wheat crop. This soil condition can reduce wheaidffipresumably by limiting root growth and
distribution®® For regeneration and maintenance of soil stracwithin this cropping system, plant
residue is very importafi, but for various reasons, the amount of residiregbeeturned to the soil is not
adequate. Rice grown with conservation tillage pamduce yields similar to that under conventional
puddling with minimized expenses on field prepardi®’. Besides declining soil fertility, low wheat
yields in rice wheat cropping system are also olethidue to a short turnover period between ricedsar
and delayed wheat sowing due to a number of factiechuding delayed rice transplanting resulting in
delayed rice harvest, high soil moisture contetdrahe rice harvest, delay in removal of rice st(a
large part of it is being burned situ, which besides the loss of precious organic Cteseanvironmental
and health problems), etc.
Sustainability is generally related to soil qualityhich is defined as, “the capacity of a speckind of
soil to function, within natural or managed bounelarto sustain plant and animal productivity, nesim
or enhance air and water quality and support humeaith and habitatidfi’. The soil’s ability to function
as a component of an ecosystem may be degrade@dadgor sustained as use-dependent properties
change in response to land use and managemenefdiegto achieve sustainable higher productivity,
efforts must be focused on reversing the trendatunal resource degradation by adopting efficient
resource conservation technologies. One of thes&'RE Conservation tillage. Conservation tillage
practices generally result in higher amounts of egjanic matter (OM), reduced erosion, increased
infiltration, increased water stable aggregates gmeéter microbial biomass carbon when compared to
conventional tillage systert{&

Laser Land Leveling

Laser land leveling is another water-saving teobgpl usually appropriate for regions with unevesids
where a considerable amount of irrigation watéoss due to extensive application of flooding metiud
irrigation. Unevenness of fields reduces input-e$ficiency and creates larger biotic and abiotic
pressures on crop growth, which ultimately redueddypotential and add to the cost of productioaisér
land leveling (LLL) was first introduced in India 2001 in western Uttar Pradesh. Several fieldistu
conducted in the Indo-Gangetic Plains, where flogds a common method of irrigation, have brought
out that laser leveling technology could save atign water by 10-30 per cent, improve fertilizeeu
efficiency by 6-7 per cent and enhance crop yigl®419 per cent, besides expanding cropped aréa by
6 per cent®:1#1%4 A series of studies on LLL in rice-wheat systeofighe IGP have found 10-30%
irrigation water savings,3-6% effective increaséaimming area, 6-7% increase in fertilizer usecégficy,
and 3-19% increase in yiéfdA reduction of 75 % in labour requirement for wizg was reported due to
LLL. There is a strong correlation between the lleess of the land and crop yield. Considerablecase

in yield of crops is also possible due to )1 It was concluded that the laser land levelingesaiarm
inputs like water and fertilizers, improves crograt and encourages uniform germination
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Fig.3: Total Water Use (fha') in Wheat and Rice

Zero or Reduced Tillage

Zero tillage, also known as zero till, no till, @t seeding and direct drilling, has beeported as one of
the most successful resource conservation techieslag the Ind-Gangetic Plair®®. In 2003-04, a total
of 820 thousand hectares of wheat area was tiledguthis technology. Most of it, however, v
confined to Haryana (46 per ce, Punjab (26 per cent) and western Uttar Pradekip€R cent). Adoptiol
of zero/reduced tillage has started picking updatern Uttar Pradesh and Bihar. Zero tillage gees
substantial environmental and economic benefitarad@0 per cent saving iractortime, 60-80 per cent
in fuel consumption and 2B5 per cent in irrigation wat®.Other benefits of zero tillage inclu
improvements in soil organic carbon content andicgdn in weed pressure. In regions where sowir
wheat is delayed due taté planting of rice, its yield is affected duetéominal drought. Zero tillag
enables timely sowing of wheat on residual moistaiter rice harvest and helps wheat crop es
terminal drought. Yield or income gains due to zéltage are quite reanable. It improves wheat yie
by 15.4 per cent (9.4 per cent due to timelinessoiwing and 6.0 per cent due to improved i-use
efficiency)'® Lack of access to information about technology,hhigitial capital investment o
machinery and equipmeand dominance of smallholdings are important caigs to the adoption «
zero tillage.
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Fig.4: Contribution of various crops in residue genera Fig.5: Surplus of various crop residues in India in
(Calculated from MNRE report 2009).

Experimental data have shown that water saving zétio tillage (ZT) in wheat could be 36 percent
an average. Reduction of water use in first irfaggatvaried from 3-50 percent while for subseque
irrigations it ranged between -20 percent. Wateuse could be further reduced if ZT is usec
combination with other technologies like raised Iptahting and laser land level®*?? The results of
adoption of resource conservation interventionslI§iRr rice-wheat system (RWS) showed that the

significant reduction in the cost of productiorvgiea®'®
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Trapping of CO,: Reduction of CO, concentration in atmosphere
Biomass can be efficiently utilized as a rseuof energy and is of interest worldwidedusse of

its environmental advantages. During recent yehese has been an increase in the usage of crijuees
for energy production and as substitute for folsdls. It also offers an immediate solutioor fthe
reduction of CQ@ content in the atmosphere. Mitigation of {gnission from agriculture can be
achieved by increasing carbon sequestration in #swoibugh manipulation of soil moisture and
temperature, setting aside surplus agricultural,lamd restoration of soil carbon on degraded laBd#
management practices such as reduced tillage, imgnuresidue incorporation, improving soil
biodiversity, micro aggregation, and mulching cdaypgmportant roles in sequestering carbon in sail.
Some technologies such as intermittent dryingsgecific N management, etc. can be easily adopted b
the farmers without additional investment, wherettger technologies need economic incentives and
policy support™.
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Fig. 6: Estimate of the Earth’s annual and global meamggngalance.

Over the long term, the amount of incoming solafiation absorbed by the Earth and atmosphere is
balanced by the Earth and atmosphere releasingathe amount of outgoing long wave radiation. About
half of the incoming solar radiation is absorbecthy Earth’s surface. This energy is transferrethéo
atmosphere by warming the air in contact with tindage (thermals), by evapo-transpiration and lmglo
wave radiation that is absorbed by clouds and d¢nagse gases. The atmosphere in turn radiates long
wave energy back to Earth as well as out to space.

The retention of crop residues on the soil surfem@nally associated with conservation agricultuaseal
no-till system has an important influence on soitev storag®'® Four-year average net economic
returns for wheat grown in the zero tillage sysiaoreased about 30% as compared with the traditiona
tillage system. It also resulted in higher yieldsl dower production costs. Experimentation is undgr

to further enhance incorporation of paddy residueugh use of improved ZT drill with disk furrow
opener. In this method entire paddy straw can fiefesurface and wheat can be sown under ZT. This
has several added advantages. Firstly, the covaneldsurface reduces evaporation losses and therefo
maintains soil moisture and temperature which arelacive for plant growth. Secondly, mulching effec
suppresses weed growth (about 40 percent lessgverth) and increases plant population. Also there
saving of weedicide, resulting in additional ecommend environmental benefits. Finally, farmers may
not burn paddy straw for sowing of wheat, as dondeu conventional technique (CT) and therefore
significant environmental benefits are adfed
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Soil and crop management can greatly improve thileace time and new C storage in soil, which is
worthy of consideration under the Kyoto ProtdtoDifferent land uses and agronomic practices were
evaluated with respect to their effect on carbajuestration or releaSé distinction is made between
practices causing a decrease of carbon loss, egase in carbon input into the soil, or a comboratf
both. Nareshet af?®, reported that incorporation of crop residuessdil or retention on surface has
several positive influences on physical, chemical biological properties of soil. It increases taulic
conductivity and reduce bulk density of soil by rifigidg soil structure and aggregate stability. Mihg
with plant residues raises the minimum soil temjpgeain winter due to reduction in upward heat flux
from soil and decreases soil temperature duringnsemuue to shading effect. Retention of crop ressdu
on soil surface slows runoff by acting as tiny dameduces surface crust formation and enhances
infiltration. The channels (macropores) createceagthworms and old plant roots, when left intadhwi
no-till, improve infiltration to help reduce or glinate runoff. Combined with reduced water evapomnat
from the top few inches of soil and with improveal £haracteristics, higher level of soil moistuan
contribute to higher crop yield in many croppinglatimatic situations. Rasmussen and Colffhifound
that retaining crop residues on the soil surfagther than burning them or incorporating them bgge,
increases organic carbon and total soil nitrogehéntop 5-15 cm of soil. This higher level of camband
nitrogen in the surface layers was attributed tavel residue decomposition, slower oxidation of soi
carbon, and less erosion. Many farmers disposeesifies by burning, especially in fields that are
combining harvested. Burning can result in up t#86ss of tissue nitrogen by volatilizatidhand can
also be a significant source of air pollution.
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Fig.8: Management of soil organic matter in agricultureSource: Bessam, F and R.MraBét

Crop residue left on soil surface led to an inaegassoil organic carbon (SOC) from 5.62 to 7.2k th
0-25 mm under no-tillage after 4 and 11 years (emmmntal field, at Sidi El Aidi, Morocco). At theame
horizen, SOC did not change under conventionalgill after the same periods. The results reveaéd th
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no-tillage soil had sequestered 3.5 and 3.4 t/a@E more than the conventional tillage after 4 &hd
years. The figure 8 illustrates that over 11 yeheshorizon gained 13.6% and 3.3% of its origin@lCS
under no-till and conventional tillage respectively

In reduced- or zero-tillage systems, soil faunames their bioturbating activities gradually. Thésesen
the soil and mix the soil components (also knowtiatillage). The additional benefit of the increds
soil organic matter and burrowing is the creatiba gtable and porous soil structure without exjpens
time-consuming and potentially degrading cultivaid®. Ferreiraet af'’., reported that zero-tillage
systems, the action of soil macro-fauna gradualtpiporate cover crop and weed residues from tihe so
surface down into the soil. The activity of micrazanisms is also regulated by the activity of thecro-
fauna, which provide them with food and air througkir burrows. In this way, nutrients are released
slowly and can provide the following crop with riatits. Hungriaet al’*., 1997 indicates a 200-300-
percent increase in population size of root nodcvdeteria in a zero-tillage system compared with
conventional tillage.

Aerobic rice system to improve water productivity

Aerobic rice is a new way of production system ihich specially developed, input-response rice
varieties with aerobic adaptation are grown in wde#lined, non-puddled, and non-saturated soilsouith
ponded watéf’. It entails growing rice in aerobic soil, with these of external inputs such as
supplementary irrigation and fertilizers, and aignat high yield¥. Main driving force behind aerobic
rice is the economic water use. A fundamental aggrdo reduce water inputs in rice is growing ke
irrigated upland crop, such as wheat or maizeeltsf trying to reduce water input in lowland padd
fields, the concept of having the field floodedsaturated is abandoned altogethieBase studies showed
yields to vary from 4.5 to 6.5 t Hawhich is about double than that of traditionalamal varieties and
about 20-30% lower than that of lowland varietiesagn under flooded conditions. However, the water
use was about 60% less than that of lowland rata) tvater productivity 1.6—1.9 times higher, ared n
returns to water use was twofold higher. Aerobie niequires lesser labor than lowland rice andbsan
highly mechanizel. Input water savings of 35-57% have been repdaiedry seeded rice (DSR) sown
into non puddled soil with the soil kept near sation or field capacity compared with continuously
flooded (5cm) transplanted ri¢gHowever,yields were reduced by similar amounts @ugon or zinc
deficiency and increased incidence of nematodesitr@y to the results of small plot replicated
experiments, participatory trials in farmers' figlth India and Pakistan suggest a small incread®%r
decline in yield of DSR on the flat compared witkddled transplanted rice, and around 20% redudtion
irrigation time or water usé&.

Aerobic rice maximizes water use in terms of yietdl is a suitable crop for water-limiting condisgii

In a study, rice yields under aerobic conditionsex®4—4.4 t h4 which were 14-40% lower than under
flooded condition®. However, water use decreased relatively more tfield, and water productivity
under aerobic cultivation increased by 20-40%. @bmobic rice technology eliminates puddling and
flooding, and presents an alternative system inugiedy water use and increase water productivity.
Aerobic rice saved 73% of irrigation water for lgmeparation and 56% during the crop growth péfiod
In a two year field experiment at Indo-Gangetidmiao evaluate various tillage and crop establistim
systems for their efficiency in labor, water anémgy use, and economic profitability, the yieldsioé in
the conventional puddled transplanting and direeding on puddled or non-puddled (no-tillage) #akb
systems were equdal?® Nevertheless, decline in yield was observed vawobic rice was continuously
grown and the decline was greater in the dry thahe wet seasot.

ik

Fig.9: Cultivation shift from puddled to aerobic rice grxtion system
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Furrow irrigated raised beds (FIRB)

The latest performance appraisal studies in terrwatkr application have recognized that laser land
leveling, zero tillage and bed-furrow interventiara be prosperous in ameliorating field levelogfficy
and irrigation water savifig®'?* The RCTs interventions lead to augmentation oéathyield and
reducing its production cdSfThe water productivity of wheat is highest unded urrow intervention
whereas flat basin irrigation technique has theekiwield and maximum water consumption. The water
saved by bed-furrow intervention, can be used tmpoe the cropping intensity and leaching saltseBa
on the water productivity, the bed-furrow intenient is the best effective surface water use
interventiort?® Bed-furrow planting of wheat has special roleNiorth Western India. In the low-lying
areas having poor drainage, the bed-furrow plarititegvention is more favorable than the zerogif&>

In the recent years, planting of wheat on raised iBebeing advocated in South Asia for improving
resource use efficiencies i.e., water use effigigfWfUE). Significant increase in WUE on laser level
fields has been reported by several researchees difterent soil and climatic conditiois*** A raised
bed-planting technology for wheat-based croppinstesyis was developed in Mexico. In raised bed-
planting the wheat rows are planted on the top exfsbwith furrow irrigation between the beds. It
overcomes some of the disadvantages of flood tidgasuch as low potential irrigation water use
efficiency, inefficient use of fertilizer and crirsy of the soil surfacé’. The cumulative effects of the
various advantages resulted in improved wheat tyuetid increase wheat yield by more than 18%

Wheat on Raised Beds

There are many anecdotal reports of large irrigatiater savings for wheat on beds in comparisoh wit
conventional tillage in farmers’ fields. The fewhlished data show reduced irrigation time of around
50% and slightly higher yields (mean 5%) on thededlt is likely that most of these reports from
farmers’ fields are for fresh beds. Replicated expents in small plots also generally show reduced
irrigation amounts (but smaller than those suggesiethe farmer fields above) and similar or higher
yields of wheat on permanent beds compared withemtional tillagé®>'°%*#?*"" However, Kukakt af?.,
found similar irrigation amounts on permanent badd conventionally tilled wheat irrigated using the
same irrigation scheduling rules based on cumgian evaporation. Yields on the permanent beds and
in conventionally tilled wheat were similar on toam, but tended to be lower on the beds on thdysan
loam, possibly due to water deficit stress. On agimally sodic silt loam at Modipuram, Sharmigal®?,

also found lower yields on the permanent beds whiehe associated with increased accumulation of
salts on the beds. The decline in yield was gretian the decline in irrigation amount, leading to
significantly lower WPI. The lower yields (and WPEGT Choudhuryet af’., on permanent beds were
possibly due to inability of the crop on beds tonpensate for the wide row spacing as a resulttef la
planting.

There have been few studies to quantify the caok#® irrigation water savings for wheat on bdds.
the comparison of zero till wheat on permanent lvéitls conventionally tilled wheat on sandy loam and
loam soils at Delhi, irrigation water use was lowerthe beds due to lower ET which was probably due
to poorer crop growth, and also due to less deaimae in one of the 2 years of this experirifetttis
likely that soil evaporation from beds is higheartfrom flats during the first part of the seadommn the
time the soil is bare until the crop has developgphificant amount of leaf area. This is because th
formation of beds increases the soil surface arbg about 50% in the case of the narrow beds (30 cm
bed top, 37.5 cm furrow width, and 15 cm furrow ttpcommonly used in NW India. Humphregs
al™®., showed that the beds (at 10 and 20 cm) driee mapidly that than the flat plots after sowing on
sandy loam and loam soils, more so on the sandy.loa

Conservation Agriculture and Soil Characteristics

Conservation Agriculture reduces or eliminates sitdige, maintaining soil covered by vegetatiorcarp
residues. This protects the soil from impact ohdabps and increases infiltration, naturally impsthe
soil structure and fertility, reduces pollution afrface water, promotes carbon sequestration isdhge
and decreases the emission of carbon dioxide.cBEtly, Conservation Agriculture greatly reduces s
erosion - over 90% with no-tillage and over 60%witinimum tillage. This ensures good quality ground
and surface water bodies due to reduced sedimad} urface runoff, and the consequent reduced off-
site transport of pesticides and nutrients. Sod#litpi can be seen as a conceptual translation ®f th
sustainability concept towards soil. Karlenaf., defined soil quality ‘the capacity of a speciiad of
soil to function, within natural managed ecosysteundaries, to sustain plant and animal produgtivit
maintain or enhance water and air quality, and stppuman health and habitation’. Conservation
agriculture is claimed to reduce negative impattslimmate change by optimising crop yields and ftsof
while maintaining a balance between agriculturabr®emic and environmental benefitsPasrich&®
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revealed that improved soil and crop managemerttipes that reduce tillage intensity and increase
amount of plant residue to return to the soil aeeded to increase soil organic matter (SOM) and
sustainability of a cropping system. The turningcofp residue C and N into mineral forms (@ad
NH4+/NOs-) or stabilization into humic substances is deiteett in part by tillage practices.
Conventional tillage (CT) disturbs the soil and magult in the oxidation of crop residue C and b in
mineral forms while no-till (NT) practice helps stabilization of these C and N contents into humic
substances. Reduced tillage can alter soil moisame temperature, that both in turn regulate soil
respiration. A common observation is that N supmypotential of soil increases after NT practicaseh
been adopted for a few growing seasons, as doeddbely related content of active N. It is esplgia
important to understand how tillage management,déia greatly influence soil NQevels, affects soil N
mineralization (N source) and N use by crop (N-gink

ISSN: 2320 — 7051

Table 1: Example of an interpretation framework for soialtle indicators under agricultural land uses

Indicator Ranking
Low Medium High
Total organic matter poor pore structure, hard friable, but poor workability extremely friable and easy
content (organic C workability (<1.7%) (1.7-2.6%) workability (> 2.6%)

%x1.7)

Light fraction organic
matter

noticeable fine root fragment
and weed seeds

5 mixtures of root and leaf litter
fragments

dominated by large leaf
litter fragments.

Organomineral fractior
organic matter

deep red red with discoloreg
brown flakes of clay particleg

deep red with consistent brow
colored clay particles

n near pitch-dark organic with
mixtures of consistent red
mineral flakes

Soil pH

high acid <5.5

medium acid to neutral ©.5.0

neutral to basic 7.0 to 8.0

Soil cation exchange
capacity

< 10 mmo} kg™

10 to 20 mmalkg™

> 20 mmojkg™”

Soil aggregate stability

water stable aggregation
50-60% indicates weak
structure highly erodible

0 water stable aggregation of 60
80% indicates stable structure
but still susceptible to erosion

- water stable aggregation of
>80% indicates highly stablg
structure and little

susceptibility to erosion

ZTHRK

Soil Organic Carbon

B05cm W540cm B10-20cm W20-30¢m

o e — e

malg
-

o - M e

CT+RM ITHRK

Tillage Treatment

Soil Total Nitrogen

B0-5cm  E50om  W10200m  W20-30¢m

Thage Treament ©"

80-5cm

Soil Total Phosphorus

RK CT+RM
Tillage Treatment

B540cm  ®10-20cm  W20-30cm

Fig.10: Effect of zero tillage with crop residue conventibnillage with crop residue removed on soil organi

carbon, Soil total Nitrogen and Soil total Phospisor

Source: Wen Qinget af'?’.

Wen Qinget al., 2008 compared conventional tillage (with crop dasi removed; CT+RM) and zero
tillage (with crop residue maintained on the saitface; ZT+RK), Figure 10. Results showed that aver
period of 4 years ZT+RK resulted in increasing soganic carbon (SOC) content by around 10% in the
0-5 and 5-10 cm layers. Similarly, Soil total Nigem (STN) increased by about 18.9% in the 0-5 cm
layer and 7.4% in 5-10 cm. While Soil total Phogpis STP) was 8.6% higher than under CT in the 0-5
cm layer. ZT+RK thus resulted in improved soil dweristics.
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Table 2: Effect of planting method on soil properties, grgield, water use and water use efficiency (WUE) of
wheat on a sandy loam at Delhi.

ISSN: 2320 — 7051

Planting method Bulk density| Infiltration | Weed density| Grain yield | Water applied WUE
(0-10cm rate at 90 DAS (tha?) (cm) (kg grain
(mg i) (cm hY (no. m?) ha'cm ™)

Raised bed-3 rowsg 1.35 0.83 65 5.31 21.4 186

bed

Conventional sowing 1.42 0.62 793 5.09 24.9 157

LSD (0.05) 0.05 NS 270 0.37 - 27

Source: Aggarwal & Goswandi

l. Soil moisture content

Zero tillage achieved a 28% increase in plant abl soil water at sowing as compared to conveation
tillage and an associated increase of 1.2 t/hatybaat graifi®. More plant residues were left on or near
the soil surface no tillage which led to lower estmpnspiration and higher content of soil watetha
upper (0-10cm) soil lay&¥. The plant available water content was signifisahtgher with zero than
conventional tillage in rice-wheat cropping syst&th Surface residues maintained under zero tillage
system moderate moisture fluctuations and thusceetioth evaporation and runtSffHowever, different
types and extent of tillage did not have any majluence on the moisture content at harvest, afghat
was high at the time of initial tillage and reduceith subsequent tillage operatidffsIt has been well
established that increasing amounts of crop residuethe soil surface reduce the evaporationi“réte
Residue mulch or partial incorporation in soil lpnservation tillage has also been shown to incrfese
infiltration by reducing surface sealing and desieg runoff velocity".

Reduced or minimum tillage is highly effective piee in soil and water conservation when compared
with conventional tillage systems. Improved infition and reduced evaporation caused more water
conservatioff’. Radfordet al*®, reported 28% more plant available water at sgwinder zero tillage
(ZT) system. Conservation tillage practices leatigneficial changes in soil physical properées soil
water contertt® and aggregate stability and soil aggregdfioiNorwood?® related tillage system with
water availability especially in years receivingvlgainfall. This increased soil water availabilityay be
attributed to the crop residues on the surface thait reduced evaporation losS€sLopez et al,
concluded no-tillage is an ineffective practicergprove soil water content. This is due to the fhett
soil response to tillage is highly likely on longrin basis. It is, therefore necessary to condilagéi
studies under different soil, cropping and climatanditions. Pore-size distribution and soil organi
matter (SOM) content in untilled than tilled saifmy cause improved plant available soil water aante
and higher yields.

Sharmaet al.®® showed that the no tillage retained the highessme followed by minimum tillage,
raised bed and conventional tillage in inceptiaatsler semi-arid regions of India. Tillage treatrsent
influenced the water intake and infiltration ralf@)(increased in the order of NT > MT > RB > CT dnd
mulching treatment the order was PM >STM > SM > NNhe maximum mean value of IR (182.4
mm/day) was obtained in case of no tillage and thelye mulch combination and minimum (122.4
mm/day) was recorded in CT and no mulch combinag@veral researchers also show the importance of
tillage on soil moisturé®. Tillage enhances soil water storage by increasiigsurface roughness and
controlling weeds during a fallow. This stored wateay improve subsequent crop production by
supplementing growing season precipitatin

Il. Soil bulk density

The soil bulk density is the dry soil mass per umilk volume. Bulk density varies with soil structl
conditions, especially related to soil packing. | Smmpaction is well known to increase soil bulk
density®. An ideal soil should contain about 50% solid jsées and 50% pore spacwith bulk density

of 1.3 Mg m*. A bulk density greater than 1.2 Mg hfclayey soil), 1.6 Mg i (loam soil) and 1.8 Mg
m® (sandy loam soil) may adversely affect the paay growtii°. Grossman and Berdaifigproposed
root limiting bulk densities of 1.47 Mg Thfor clayey and 1.85 Mg mfor sandy soils to most of the feed
and fiber crops of temperate regions. Straffatoncluded that optimal soil density for winter \@hés
1.46-1.54 Mg . The soil bulk density is a decisive factor in egggroduction, mainly from germination
to tillering. Un-plowed soils may provide more fagble environment conditions for plant growth
confirmed for winter wheat. He also suggested siahting the problems of weeds etc. under minimum
soil disturbance may yield more grains. Tillageréases the total soil porosity by increasing the jgize
distribution and poré®. But, reduced tillage operations with eliminatiohplowing may decrease soil
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bulk density due to less soil compactidiThe effect of tillage and residue management ohbsok
density is mainly confined to the topsoil (ploughydr). In deeper soil layers, soil bulk density is
generally similar in zero and conventional tilldgé> A plough pan may be formed by tillage
immediately underneath the tilled soil, causingheigbulk density in this horizon in tilled situaiis.

The two of the most commonly measured soil phygicaperties affecting hydraulic conductivity are th
soil bulk density and effective porosity as these properties are also fundamental to soil compacti
and related agricultural management isS3e$he studies comparing no-tillage with conventlditage
systems have given different results for soil bddisity. Several studies showed that soil bulk itlens
was greater in no-till in the 5 to 10 cm soil deptto differences in bulk density were found between
tillage system¥’. However Tripathit al.®* found increase in bulk density with conventioriédde in a
silty loam soil. Moreover, there are few studiest thave examined changes in soil physical progeitie
response to long term tillage and frequency managéi@» 20 yr) in the northern Great Plains. Thekbul
density did varied significantly due to plantingti@iques and it was significantly reduced undeseai
bed planting compared to flat sowing. This wastatted mainly due to more pore spaces createdein th
beds through modified land configuration by accuatiohs the topsoil. Bed planting provides natural
opportunity to reduce compaction by confining t@ffo the furrow bottonté. Gal et al.’® observed
higher bulk density in the 0-30 cm layer under zéiBn under conventional tillage on a silty clagroin
Indiana after 28 years, but no difference in thelB0 cm layer. In a side-by-side. Rashidi and
Keshavarzpoudf? observed that the highest soil bulk density of 1g52m® was obtained for the NT
treatment and lowest (1.41 g &rfor the CT treatment. The highest soil penetratiesistance of 1250
kPa was obtained for the NT treatment and lowedd (8a) for the CT treatment. Jetal.’* reported
that tillage and crop establishment methods (TCe&hods had a significant effect on bulk densitgaif

at all the profile depths after two rice-wheat coyrles. ZTDSR-ZTW had significantly higher bulk
density in the 0-5 and 5-10-cm soail profile thathvather tillage systems, whereas it was highereund
conventional-tilage (PTR-CTW and CTDSR-CTW) in thé-15 and 15-20-cm soil layers compared
with ZTDSR-ZTW and BDSR-PBW treatments. Naresthal.}*® reported that tillage significantly
affected the soil significant variatioadter three crop cycles the soil physical propsiitieBulk density,
Water Stable aggregatesggregate porosity, Clod breaking Strength and migaarbon were recorded
due to different treatment3$he bulk density did not varied significantly dweland leveling however,
planting techniques had significant influence andds significantly reduced under raised bed phanti
compared to flat sowing irrespective of the langeling practice. This was attributed mainly duertore
pore spaces created in the beds through modifretidanfiguration by accumulations the topsoil.

Il. Soil porosity

Soil porosity characteristics are closely relatedstil physical behavior, root penetration and wate
movement®**® and differ among tillage systefnd al et al.?® revealed that straw returning could
increase the total porosity of soil while minimaidano tillage would decrease the soil porosity for
aeration, but increase the capillary porosity; assalt, it enhances the water capacity of soih@lwith
poor aeration of soit*® However, Borreséffound that the effects of tillage and straw treatts@n the
total porosity and porosity size distribution waret significant. Allenet al.? indicated that minimal
tillage could increase the quantity of big porasifangyuangt al.}”® showed that the soil total porosity
of 0—10 soil layer was mostly affected; conventiditiage can increase the capillary porosity oil smd
the porosities were C > H > S but the non-capillaoyosity of (S) was the highest. Returning ofwstra
can increase the porosity of soil. The increagglant available water capacity of the soil unddfedent
tillage treatments was found to decrease with arease in the level of compaction. Because congracti
results in the breaking down of larger soil padtiaelggregates to smaller ones, it is difficult fatev to
drain out of the soils because of the greater fof@hesion between the micropores and soil wetar.
the same tillage treatment, the effect of increpgime axle load upon a soil is to decrease thé tota
porosity and to increase the percentage of smadles as some of the originally larger pores haenb
squeezed into smaller ones by compaétidhillage is often referred to as a physical madifion of soil
properties. It either loosens or compacts the guils changing particle-to-particle contact andpity of
soil. One property that is always changed by tilagthe bulk density. A decrease in bulk dendiiycts

an increase in total porosity and large pores. Gaitign has a reverse effect. A change in porosity a
particle-to-particle contact affects all the (plugd) state variables of soil that in turn modife tbdaphic
parameters.

V. Penetration Resistance

Soil compaction is assessed through penetrabilégsurements. Bradfdrdefined soil penetrability as
measure of the ease with which an object may benlror pushed into the soil. This soil property may
help in measuring root growth inhibition due tolsmmpaction. The greater the soil bulk densitg th
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lower will be the soil porosity for air, water abiblogical activity. Soil compaction is a major camn
for agricultural systems nowadays and the compaatimused by different implements or trafficking
(cattle, tractor tires, harvesting and tillage @mqents) is a great challerigeThe traffic from different
farm implements or animal trampling may cause dettin of soil pores and increasing the soail
resistance to penetratidnThe greater the compaction, the more adversetsffge observed on seedling
establishment, root development and crop yiel@ldb affects certain soil properties such as agdgeeg
stability, erosion and water infiltratiéh Soil properties like particle size distributioorganic matter
(OM) content and moisture content affect soil coatipa and strength. Soils with more clay than sand
tend to show more cohesion and streffgtBoil compaction may be managed by minimizingficaf
effect. Traffic control is the most feasible andm®amic viable. The traffic may be restricted totaier
field areas or when field is dy The compaction effects can be alleviated by siling, deep plowing
and chiseling, but these methods are temporaryusedhe soil settles back into pl&ce

Penetration Resistance (Kpa), 0-30 cm soil

4000

FT+Fesidues Corverlional il Rodavetor Yri Rotavaior Yr2 Rotavalor, r3
(Harow/culivaiar)

Fig.11: Effect of tillage practices in penetration resis&n
Source: Guptaet af*.,

Governments in South Asia are promoting rotavatwraamulti-operation easy tool. The Rotavator
requires clean fields for tillage and hence promditerning of residue of the previous crop and sepdi
by broadcasting. It has been observed that rotavampacts the soils below 15-cm which causes
temporary water logging after an irrigation or falhevent. Soil compaction impedes root penetrati
subsurface soil that results in crop lodging (Fégtid). Thus, farmers who use rotavator generaily sk
last irrigation that ultimately leads to lower pumdivity in situations of terminal heat stress.

The comparison of soil bulk density and penetratesistance between NT, RT and CT revealed thht soi
bulk density increased with increasing depth fortilhge systems and soil penetration resistanes w
greater under RT and NT than €TThe soil strength was greater in conservationhods but no
hindrance to root growth was observed. Morestoal™. reported higher penetration resistance in
conservation tillage than conventional tillage eyss. Wilkenset af®®, reported similar results for NT
and CT on a silt loam soil. It was also noted tivat conversion from a tilled to NT cropping system
caused an increase in soil strength significarl¥lgreshet al'®., reported in the higher penetration
resistance under intensive conventional-tillagasisociated with increased bulk density and shéfiaxd
pans in subsurface layers that reduce the roottgrofvcrop. With each centimeter reduction in rogti
depth, recorded a 0.4% reduction in crop yield. $teady-state infiltration rate was also influenbgd
various crop establishment methods. The infiltratimte was greater under direct seeded rice on
permanent wide raised beds (WBed-DSR) than withTER, which was similar to that with ZT-DSR
and CT-DSR. Permanent beds (WBed-DSR) and (ZT-Di&R) significantly higher soil aggregates
(>0.25mm) than conventional- tillage (CT-TPR). Ihert under conventional-tillage, soil aggregation
was static across the seasons, whereas it impmedtime under no-till and permanent beds. Puddlin
destroys soil aggregates, breaks capillary poeglsiaes permeability in sub-surface layers and fdrand
pans that have a negative effect on the succeedims.

V.  Soil Temperature

Tillage creates soil temperature optimum for seedmination and seedling establishment. Tillage
loosens the soil surface, resulting in decreaséh@fmal conductivity and heat capacity. Changes in
surface roughness and plant residue cover affdgteitlage influence the thermal regime of soil.aDhe
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in bulk density alters the specific heat capacftthe soil, primarily by changing the relative amtaiof
mineral matter and water per unit volume of so#dRced particle-to-particle contact and volume wate
content of soil accompanying decreased bulk demgiters the thermal conductivity of the soil. Also,
tillage systems that leave most of the residuehersbil surface result in lower soil temperaturesesh

et al./*. Green and Lafon8l reported the heat advantage of tillage and resiaeagement and
highlighted that surface residues with no-till gysthelped in regulating the soil temperature amy th
noticed that the soil temperature (5cm soil depiith residue removal and conventional till was 629
lower during the winter than that of no-till andrfaice retained residues whereas the soil temperatur
during summer was 0.89 higher under conventional till than no-till swéaretained residue situation.
Soil temperatures in surface layers can be sigmiflg lower (often between 2 and 8°C) during dagtim
(in summer) in zero tilled soils with residue réten compared to conventional tilldgé In these same
studies, during night the insulation effect of tiesidues led to higher temperatures so there weasrlo
amplitude of soil temperature variation with zetage. Dahiyaet al.3? compared the thermal regime of
a loess soil during two weeks after wheat harvesivéen a treatment with wheat straw mulching, one
with rotary hoeing and a control with no mulchingdano rotary hoeing. Compared to the control,
mulching reduced average soil temperatures by 0.56, 0.58°C at 5, 15, and 30 cm depth respewgtivel
during the study period. The rotary hoeing tillagightly increased the average soil temperature by
0.21°C at 5 cm depth compared to the control. Tlage effect did not transmit to deeper depthsptau

et al®® also found that the difference between zerogélaith and without residue cover was larger than
the difference between conventional tillage (moakhl ploughing) and zero tillage with residue
retention. Both mouldboard ploughing and zero dgélawithout residue cover had a higher soil
temperature than zero tillage with residue covat,the difference between mouldboard ploughing and
zero tillage with residue cover was approximatete-third the difference between zero tillage witid a
without residue.

In tropical hot soils, mulch cover reduces soil peamperatures that are too high for optimum growth
and development to an appropriate level, favoubigogical activity, initial crop growth and root
development during the growing seaSanThe soil surface heat flux and soil temperatur¢hie zero
tillage practice with a 30 cm residue-free stripravaot different from a conventional tillage systand
significantly higher than in zero tillage withowsidue-free strip. The 30 cm residue-free strip raid
have a negative impact on soil water content ofttpe5 cm layer (depth), where the plant seeds are
located. These results indicated that a residue-fiteip over the row centre could be important in
temperate areas. Licht and Al-Kafifound that soil temperature increased in the tam5under strip
tillage (1.2-1.4°C) compared to zero tillage andtth remained close to soil temperature with dhise
ploughing on Mollisols in lowa, but this changesioil temperature was not reflected in improvemeént o
plant emergence rate index. Gathalaal.”® reported the soil thermal regime in three conimgst
treatments T(CT-TPR/CT-DSW), T (Bed-DSR/Bed-DSW) ands{ZT-DSR/ZTDSW) and found that at
minimum soil (5-cm depth) temperature at 0700 aagimum at 1500 h varied between 6 and 16°C and
11to 26°C, respectively. The differences in minimand maximum temperatures in different treatments
ranged between 0.6 and 7.2°C. At 0700 h, soil teatpee was generally higher in Than T, in the first

16 wk, and thereafter soil temperature remainedhamged; whereas at 1500 h, the trend was reversed
between the two treatments. On the other hagndloBely followed T for both minimum (at 0700 h) and
maximum temperatures (at 1500 h). The data indit@e diurnal temperature fluctuation at the soil
surface was consistently lower in the ZT flatbedtesn () than in the CT flatbed ¢J and raised bed
planting system (3. Nareshet al,’* found that soil temperature at transplanting zdepth (5 cm)
during rice crop establishment were lowered intimemts ZT-TPR (1) and RT-TPR (3) by 3.6 and
2.7°C compared to the treatment NBed-TPR),(€spectively. Zero tillage reduced the impacsofar
radiation by acting as a physical barrier resultimgower soil temperature than the plough soileTh
increasing trend in soil temperature for narroveedi beds. This was probably due to exposure of more
surface area to the incident solar radiation imavaraised beds than in flat conventional treatmen
and WBed-TPR (J) recorded higher soil temperature (mean of 38.83V/7°C) compared to the flat
treatments 7, T, and CT-TPR (¥) at 15 DAT. Soil temperature remained similar whempared
separately among flat layout and raised bed traatne

VI.  Water Infiltration

Infiltration of rain water and irrigation water v&ry important for water conservation, especiallgemi-
arid environmental conditions. Because of the Iomual rainfall in semi-arid areas, it is necesgary
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increase the interception of water (rain and iti@® so it is not lost through evaporation or rfino
Infiltration also controls leaching, runoff and ieases crop water availabififyThe amount of water that
enters the soil matrix depends on the infiltratiate. Under conditions of low rainfall and low gation,
incoming water will mostly infiltrate into the s&il When the pores become saturated, the excess water
will run off or pond on the soil surface. Waterilimhtion depends on various factors, such as soil
structure and texture, the initial soil water comtgore size distribution and continuity of poneatric
potential and vegetation coverA coarser and well aggregated soil will have ghbr infiltration rate
than a fine texture soil that is not well aggregdte A wet soil will have less initial infiltration geacity

to dry soil. Pore size distribution and its coniipware important regarding soil hydraulic conduityi.
Decaying roots, macropores and earthworm channelsase the soil water infiltratioh

5 -

. : Instanianeous inflitraiionrate  Total infiltration &fter 1 hr
nstantaneous infiltration  Total infiltration after 1 after 1 e ( em r-1) (cm)

rate after 1 hr ( cm hr-1) hr (cm) B NT bare BNT 40% residue

ENT bare BNT 40% residue  ENT 80% residue BNT 80% residue, residue removed

Fig.12: Better Infiltration Results with Residue RetaireedCompared to No-Till (NT) Bare

Triplett et al.!® determined the infiltration rate on a non-cracking with a sprinkling infiltrometer on
different No-Till (NT) treatments at Ohio, USA, aftthree years of corn production. The treatments
included NT bare, NT with normal surface residué%? and NT with double application of surface
residue (80%) for the study period (Fig.12). Thélthation rates were calculated both for NT with
residue present and with residue removed. It wagrokd that infiltration increased when residue was
retained and was also significantly greater withulde-mulch treatment than under NT bare. It is
interesting to note that the infiltration was gezahan NT bare even when the residue was remaved a
the soil surface was stabilized and macroporesddromder the residue were maintained and functional
Infiltration rates in NT soils will be greater tham CT soils because of retention of more soil aiga
matter (SOM), increased earthworm activity and mracroporeS. However, decreased infiltration
rates may observe in NT versus CT systems duegttehisoil bulk density in NT and large initial soil
pores in tilled soils. Conventional tillage systehal significantly higher infiltration than consation
tillage systems on sandy clay loam 5dilHydraulic conductivity of CT, NT and natural piai was
measured and it was noted that the hydraulic cdiviycof natural prairie was the largest of alrel
methods. The CT had significantly lower unsaturat@aductivity than NT system. The CT (conventional
tillage) system initially increases infiltration dithe soil re-consolidates afterwards shortly, oauy less
infiltration raté®. This might be due to formation of crust shorertillage®®®. Crop residues in case of
conservation tillage or NT system will intercepinfall and prevent soil crusting or sealing. Baundha
and Lascarftnoted a higher infiltration and lower runoff onangy loam soil in a wheat-cotton rotation
than the cotton alone, while in case of clay loaxriure, the infiltration was more when organic desis
were left on the soil surface than with bare s¢ilmar et al.*° noted a steady-state infiltration rate in
conventionally-tilled plots (32.6 mni-h was more than 4 times higher than that of zéiedtplots (7.2
mm- ). The cumulative infiltration was also higher if 665 mm) than in ZT plots (278 mm). Naresh
et al.}* observed that the steady state infiltration ratetseat harvest was consistently highest with an
overall average of 0.37 cm*hin (raised bed), lowest at 0.18 ciit m zero till, and intermediate (0.27—
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0.30 cm RY) in conventional till treatment. The time trencbaked a decline (0.02—0.03 crit r?) in
infiltration rate in T, and T, and an increase (0.01-0.03 c'ﬁnyn'l) inT;and Ty,

VII.  Soil organic matter (SOM) content

SOM storage is determined by intrinsic soil projesttenvironmental factors and also by management
strategies. Conventional tillage practices havelted in lower carbon contents of agricultural salue

to increased decomposition rates and carbon riisor’’. The soil cultivation reduces organic matter
and alters distribution and stability of soil aggates®®. Cultivation also stimulates soil carbon losses du
to accelerated oxidation of soil carbon by micrblaietion. In conventionally tilled soils, the organ
matter is fairly distributed throughout the plowéa due to the incorporation of crop residues gvénl
the plowed layer. MT brought about changes in SQdfridution in the A-horizon than conventional
tillage (CT). Intensive tillage operations resultmore or less even distribution of SOM in the thdut

in MT the concentration of organic matter is in theface (0-5 cm) sdil’. Paustiaret al.!*" reported
increased amount of organic matter with the apfitinaof conservation tillage. The reduction in sail
carbon may be mitigated by the adoption of reduitiedie, increased residue incorporation and paatnn
vegetatio®. Decline in OM content was observed when no dill was tilled to a depth of 10 ¢fi. The
merits of conservation tillage system include imsein SOC pool and enhancement of soil qudflity
However this depends on the capacity of soils taimeorganic C. The enhancement of SOM and all
associated beneficial effects was the most impbithange observed by Salinas-Gareiaal.>> who
reported that NT resulted in double SOC in surfagiethan moldboard tillage.

The tillage impacts on SOM have been well repobtgticthe results vary due to many contributing fexto
such as soil type, cropping system, residue manegieand climatic condition¥. Conventional tillage
systems generally increase crop productivity byromimg soil-air-water relationships necessary fianp
growth. This management system increases the charic®il organic matter loss due to mixing of soil
and crop residues, disturbance of soil aggregaigsnareased porosity. This loss of SOC and desbruc
of aggregation promote physical, chemical and lgiclal deterioration over long term. These deleteyio
effects often results in increased soil erosion amder loss through reduced water infiltration and
storage’, decreased soil fertility and hence diminishedtasnability of agriculture systel?. The
alteration of soil conditions by tillage implementsay significantly affect the productivity and
sustainability through influence on the distributiof SOM in soil profile, nutrient dynamics and
microbial activity®®. Tillage systems (no tillage or minimum tillagd)at reduce soil disturbance and
residue incorporation have generally been obsexv@ttrease SOM conterit The SOC under no tillage
was 9% greater in continuous wheat, 22% greaterotated wheat-sorghum and 30% greater in
continuous wheat-soybean than under conventioHaf¢i The accumulation of SOC under reduced
tillage than conventional system increased withidasing cropping intensfty The residues are usually
left on the soil surface under no tillage systemd iacreased accumulation of residues resultsdonaed
exchange of gas and energy between soil surfacéhenatmospheré Tillage practices have effects on
soil water, temperature and aeration regifietower soil temperature was observed under naggil
than conventionally tilled plots while, bulk denysitas greater under no tilled plotsThe study by Gosai
et al.”® revealed higher concentration of soil organic erath the no-till and shallow-tilled plots
compared to other conventionally tilled plots tbanfirms to the findings of DordhRobbins and Vos¥’
and Angerst al.”. He and LiG° reported that addition of organic materials (greemure, crop residues
and FYM) resulted in a mean increase (averagexahgeriments) of 0.053% organic C compared to loss
of 0.04% under inorganic fertilizer treatment. Theyculated that supply of 3.2 to 4.6 t'H@nean of 3.8

t ha') of crop residues Hayear' would be needed to maintain the soil health andmprove
productivity. Kladivkd®, revealed that recycling of crop residues infleansoil structure, crusting, bulk
density, moisture retention, and water infiltrati@ie and may help reduce adverse effects of hand p
formation in rice-based cropping systems, which miay an important role in the upland crop (such as
wheat or maize) after rice than the rice crop. dase in soil organic matter under no-tillage mayeha
been a result of reduced contact of crop residu#s swil. Surface residues tend to decompose more
slowly than soil-incorporated residues, becausegmfater fluctuations in surface temperature and
moisture and reduced availability of nutrients tenwbes colonizing the surface resitfile

Tillage-based systems can be productive but theyar sustainable ecologically and economicallthe
long-run because the rate of soil degradation (fevosion and other forms of loss of soil quality) i
generally higher than that of the natural soil fation and self-recuperation capatifyThe degradation
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of the soil follows from the loss of soil organicatrer and the associated soil life and structure tdu
excessive rates of oxidation resulting from tillRge The relevance of CA for local agricultural
development is that, unlike tillage-based systeinss capable of simultaneously improving crop
productivity as well as other ecosystem serviced s1s soil health, carbon sequestration, nutr@mhon
and water cyclinf. These concerns and situations are creating apptes for transforming tillage-
based agriculture that is increasingly being reczaghto be ecologically and economically unsustaima
into CA systerff.

Carbon sequestration

Bernouxet al.X defined carbon sequestration “soil carbon seqaiistr for a specific ecosystem in
comparison with a reference one, should be coresides the result (for a given period of time and
portion of space) of the net balance of all greeiskogases, expressed in C,G&guivalent or CQ
equivalent, computing all emission sources at tilepdant-atmosphere interface, and also all thoéréct
fluxes, gasoline, enteric emissions etc”. Altewvlij it may be defined as the storage of soil carinoa
stable form. The conservation of sufficient SOMelsvis crucial for the biological, chemical and picgl
soil functioning in both temperate and tropical ®abems. Appropriate levels of SOM ensure soll
fertility and minimize agricultural impact on thenéronment through sequestration of carbon (C),
reducing erosion and preserving soil biodiver§itySoil carbon sequestration can be accomplished by
management systems that add high amounts of biotoai®e soil, cause minimal soil disturbance,
conserve soil and water, improve soil structurel emhance soil fauna activity. The impact of Niatje
practices on carbon sequestration has been of igteatst in recent years. The literature is repieith
studies that show an increase in SOC stock witlvasion to NT, at least in the surface ¥dit> NT
impacts SOC stock in two ways: (i) by reducingwtisance which favors the formation of soil aggregat
and protects SOC encapsulated inside these stajglegates from rapid oxidatitf and (i) by
modifying the local edaphic environment: bulk dgngpore size distribution, temperature, water aind
regime that might also restrict SOC bio-degradafidPaustiaret al.*? and Lalet al.® summarized the
rate of accumulation of soil organic carbon (SO©GYIs under NT at 300-800 kg SOC/ha/year.

Carbon sequestration in agricultural soils coumtsrdesertification process through the role oféased
soil organic matter in structural stability and @ratetention and the essential role of soil surfamesr by
plant, plant debris or mulch in preventing eroséom increasing water conservation. Furthermorg, soi
aggregate stability has been recognized as a reldaator in the control of water erosion of s&ils
because erodibility of soils is directly relatecaggregate stability. The continued existence rgfelgores

in the soil that favor high infiltration rates aadration depends on the stability of larger agdgesgaNo-
Tillage effects on soils are closely related tor@nagement of crop residues in and on the sudkite
soil. Unger and Jon¥S reported that the amount of water stored and #flevi storage efficiency
changed from 152 to 217 mm and from 15.2 to 35.2B&nwshifting from disking to no-tillage in
Bushland (USA). These results were confirmed in &doo by Bouzza. During 5 years of conversion
from continuous corn and conventional tillage tor26 year rotations under no-tillage, the soil dgns
was not affected by the change in management. ©hedensity depended more on the time of the
sampling than on management practie#\ccording to the research conducted by Azooz Arsthad,
total volume of soil pores with radii <jith (micropores) were significantly greater in NT rthin
conventional tillage (CT).Differences in volumesdiil pores with radii >14m (macropores) between CT
and NT were not significant. For the initial soibisture conditions ranging from dry to field capgcthe
infiltration rate values were greater by 0.24 ©13cm K" in NT than in CT for the silt loam and by 3.30
to 4.13 cm Hfor the sandy loam. Saturated hydraulic condugtivitlues were significantly greater in NT
(rangefrom 0.36 to 3.0 cmi'pthan in CT (range from 0.26 to 1.06 cif) hHowever, Jarecki and L4l
found no differences between tillage treatmentsdmeral soil properties including texture, avaiabl
water capacity, and hydraulic conductivity; howebe NT decreased soil bulk density afidrpthe 0 to

15 cm layer in a silt loam soil. With time, No-tile can improve soil structure and stability thereb
facilitating better drainage and water holding adfyathat reduces the extremes of water logging and
drought. These improvements to soil structure amtdan sequestration also reduce the risk of rusudf
pollution of surface waters with sediment, pestisi@nd nutrients.

Carbon sequestration and tillage systems
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Houghtort® is of the view that increasing atmospheric greesBogas concentration has led serious
concerns to work out the possible role of soil asagbon sinking. The largest surface carbon pool is
mainly constituted by soils of the world which isproximately 1500 Gt® This amount is about three
times the quantity stored in terrestrial syst&mny modification of land management, even in
agricultural systems, may induce changes in sobarastock. Farming/ tillage methods are contritmyti
towards soil carbon losses by the use of mechatiilzaje as secondary tillage tools for preparatdn
seed bed or disking aimed at weed control. The ar@sms may include (1) stimulation of short term
microbial activity through aeration and more reteasCQ and other gases by their actifity(2) mixing

of residues into soil where favorable decompositiomditions are available than surf&€end soil
aggregate disruption where mostly SOM is proteétenh decompositioft®.Soils may become prone to
erosion by the use of conventional tillage prastisich results in the loss of soil carBbrsoil’s ability

to provide nutrients and water that fulfills thegrequirement determines the crop growth/yield eog
quality. According to Dick and Durkalskimould board plough and oxen have become synonyrmwus
agriculture. The tillage being used in western Utradesh include minimum tillage, no-tillage,
conventional tillage and deep tillage with a numbkeprimary and secondary tillage tools. According
the research conducted by Nareshal.!** higher proportion of macro-aggregates. In the 0—Hayer,
plotsraised beds transplanted rice (WBed-TPR) combivittdzero tillage on raised beds in wheat (with
residue) (WBedZT-DSWH0%SR) had the greatest proportion of large stable maggremates (12.9%)
and highest mean weighted diameter (MWD) (1.80m&9)% surface residue retention caused a
significant increment of 15.65% in total aggregatesurface soil (0—5cm) and 7.53% in sub-surfagk s
(5-10cm). In surface soil, the maximum (13.5%) amdimum (4.3%) proportion of total aggregated
carbon was retained with >2 - <0.053 mm size fomdtj respectively. WBed-TPR; WBed ZT-DSW+
100% SR treatment (J had the highest capability to hold the organidboa in surface (10.73g Kgoil
aggregates).

Carbon storage under different tillage systems

Conservation or reduced tillage systems can stdr® @ t C ha year"; this conservation tillage practice
may be adopted on 60 % of the arable land. Intensliage operations or the use of mould board
ploughing can offset any gains made in carbon s#mteon. Organic matter increased under
conservation tillage system from 0 — 1.15 t C lmtemperate conditioii¥ while, carbon accumulation
rate was computed 0.1 — 0.5 t C'hy@ar" by Lal et af®.

Soil carbon storage or in other words increase@diisstration, land use should be reshaped especiall
on marginal lands. To achieve the goal of sustdénabricultural production, a holistic and systemic
approach is needed. The approach should inclugs steearly warnings of possible soil degradation
processes followed by implementation of preventiveasures. The increasing crop productivity from
existing agricultural lands will also have envircemtal consequences as suggested by Tiletaa®°.
The negative environmental consequences are usasaflyand may be positive, depending upon land use.
The use of conservation tillage has promising tednlyield increase on existing soil resourcesugh
erosion control, soil moisture conservation andeéasing SOM. The atmospheric concentration of £O
(8.6 Pg C yr') from emissions of processing industry, land usenges, soil tillage and more recently the
energy industry is very vital issue faced by thetdentury’. The soils fertility status is poor due to
intensive cropping and limited addition of orgammatter. These conditions have resulted in lower
average yield of major crops at farm lével

The wheat-rice cropping pattern is mostly obsetivelhdia. In India, very little work has been dooe
how tillage affects soil properties. The new treirdsarbon sequestration have not been investigated
Indian soil and climatic conditions. The ultimatanais to investigate the problem in this specific
cropping pattern and how crop growth and yieldffected and how soil properties changed and how
much carbon may be sequestered in this systemerBift tillage systems may be adopted depending
upon the soil and climatic conditions. The effiggrof tillage system depends upon various factors
mainly soil, water and climatic conditions. The esmentation with different tillage systems undesea

of soil and climatic conditions will generate varsitical information of different tillage system e
Each tillage system has its own importance undecifip set of conditions. Deep tillage results in
loosening of the soil and helps in root penetraffowhereas, MT is supposed to contribute in
stratification and SOM accumulation as compare@Td.
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Fig.13: Water Balance Components and Water ProductivityetuN@rious Tillage Systems
Source: Ravishet af***.
Note: WPI: Water Productivity (kg/cum of Irrigation Water)yPT: Water Productivity (kg/cum of TranspiratiolyPET:
Water Productivity (kg/cum of Evapo-TranspiratioWfPG: Water Productivity (kg/cum of Rain and Irrigatioratér)

The water balance components and water produciivigy farmer’s field under different tillage system
viz., raised beds, zero tillage and conventiorkdge. The water balance components as obtaindd wit
SWAP model (given in the upper figure) is generabied to select viable water management options.
Results presented indicate that actual transpirasionuch less than potential transpiration indicathat
farmers are under-irrigating their wheat crop. Asoasequence, actual wheat yields are less than the
potential yields. It is observed that water prodiitst in raised bed planting was higher than zelo t
system by 25 per cent and by 79 per cent comparedrtventional tillage. On the other hand, values o
water productivity under zero tillage are higher 48/ per cent from that observed under conventional
tillage (given in the lower figure). The study cardes that with appropriate agronomic practices for
weed management, yield losses in raised bed plaited:an be altogether avoided besides significant
savings in irrigation water.

Crop Yield

Soil management, soil fertility, application of tiézers, quality of seeds, timely sowing of croasd
adoption of better cultural practices all affeclgtiof wheat crop. There is a close relationshigvben all
these inputs and high crop yields. All the agriatdtinputs play an important role in enhancingdtap
yield. Yield increase of 16, 21 and 7 percent weeorded for ZT, LLL and Bed-furrow interventions
respectively, Latiet al.}**. The effects of soil quality on agricultural pradvity are greater in low-input
rain fed production systems than in highly produetsystents*>’. Govaertset al, determined the soil
quality of plots after more than 10 years of défer tillage and residue management treatments.eTher
was a direct and significant relation between trieciality status of the soil and the crop yiettlaero
tillage with crop residue retention showed the biglcrop yields as well as the highest soil qualiagus.
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In contrast, the soil under zero tillage with crepidue removal showed the poorest soil qualigy (@w
contents of organic C and total N, low aggregaabibty, compaction, lack of moisture and acidiyd
produced the lowest yields, especially with a maimamoculturé®>> In high-input systems, the decreased
soil quality status of management practices isotdld in reduced efficiency of inputs (fertilizerater,
Iabour)ﬁr?’esulting in higher production costs to meain the same yield levels, rather than in lowetdg

as sucft”,

Grain yield at farmer’s field under
conventional and no-till (1998-2006)
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Fig.14:Grain yield at farmer’s field under conventionatlaro-till (1998-2006)

Source: No-till system applied to North Africa Rainfed Agulture: Case of Morocco

Grain yield reported from no-tillage pioneer farséeld showed increased yield obtained in dry aff w
wet years. In very dry years with less than 200 ramnfall, farmers were able to produce 1.1 and 1.5
tonnes of wheat in two different locations wheretilage fields were the only ones harvested in the
entire region(Fig.14)In wet years, change in farmer's perception wasesl towards crop residue left
in the field which was seen as an investment iir @l rather than wasted biomass.

Conservation Agriculture for offsetting Green HouseGases

Rice-wheat systems produce greenhouse gases thbotigtbiological processes and burning of fuel by
farm machinery. Tillage operations contribute Grough the rapid organic matter decompositiontdue
exposure of larger surface area to increased oxggpply. Experiments have shown that tillage almost
doubles the rate of decline in soil organic carlemels in the top 20 cm of soil. Every liter of s fuel
used by tillage machinery and irrigation pumps aisatributes 2.6 Kg C&xo the atmosphere. Thus
nearly 400 Kg C@would be generated per hectare assuming an ansaabf 150 litres diesel in the
conventional rice-wheat systéfhFor the 12 million ha, this would amount to 4.8 G, per annum or
1.3 MMTCE. This is one third the value (4 MMTCE) ©H, from rice fields. Diesel use remains greatly
an under estimated source of GHG. The presencérofen (N) enhances microbial decomposition and
release of C®AnN important off-site source of G@s the production of N fertilizers. For every lgiam

of N fixed in fertilizer 1.8 Kg C®is the by-product. It is presumed that O§enerated by burning crop
residues.

a) Emission of Greenhouse Gases

According to the Intergovernmental Panel on Clim@tenge (IPCC), agriculture, deforestation, and
land-use change together account for about 31%taf global anthropogenic GHG emissitfidust as
agriculture and land use change has significargriatl to exacerbate GHG emissions and

Climate change, it also holds major potential tdigate these impacts. Worldwide, the “technical”
mitigation potential from agriculture (i.e., theophysical capacity to mitigate GHG emissions) is
estimated to be 5,500-6,000 million tons of Q@Quivalent per year (Mt C&eqlyr) by 2038° The
economically feasible mitigation potentials aréreated to be 1,500-1,600, 2,500- 2,700,and 4,080,
Mt CO,-eq/yr at carbon prices of $20,$50 and $1004€@respectively.About 70% of this mitigation
potential lies in developing countries.
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Fig.18: Relative contribution of si-sectors of agriculture to greenhouse emissionsdia

The net Greenhouse Gas (GHG) emissions from I, is emissions with LULUCF, in 27 were
1727.71 million tons of C@equivalent (eq) of which C, emissions were 1221.76 million tons; 4
emissions were 20.56 million tons; ancOemissions were 0.24 million tons.GHG emissionsnf
Energy, Industry, Agriculture, and Waste sectonsstitited 58%, 22%, 17% and 3% of the net, eq
emissions respectively. The agriculture sector techit334.41 million tons of C, eq in 2007
Figl5.Estimates of GHG emissions from the agriceltgector arise from enteric fermentation
livestock, manure managent, rice paddy cultivation, agricultural soilsdaon field burning of cro

Copyright © February, 2016; JPAB 151



Nareshet al Int. J. Pure Aiosci.4 (1): 133-165 (2016) ISSN: 2320 — 7051
residue Fig.1&Enteric fermentation in livestock released 212.1llian tons of CQ eq (10.1 million tons

of CH,).This constituted 63.4% of the total GHG emissifid6, eq) from agriculture sector in India. The
estimates cover all livestock, namely, cattle, &laff sheep, goats, poultry, donkeys, camels, hasds
others. Manure management emitted 2.44 million t6r&0; eq.

Rice cultivation emitted 69.87 million tons of €€q or 3.27 million tons of CHTIhe emissions cover all
forms of water management practiced in the couiatryice cultivation, namely, irrigated, rainfedeep
water and upland rice. The upland rice are zerdtersiand irrigated continuously flooded fields and
deep water rice emit maximum methane per unit Bigd 9.Agricultural soils are a source ofNmainly

due to application of nitrogenous fertilizers i toils. Burning of crop residue leads to the eiosef a
number of gases and pollutants. Amongst them, GO@nsidered to be C neutral, and therefore not
included in the estimations. Only Gldnd NO are considered for this report. The total,@&Q emitted
from these two sources were 50.00 million tons.

The waste sector emissions were 57.73 million @S0, eq from municipal solid waste management,
domestic waste water and industrial waste wateragmment. Systematic disposal of solid waste is
carried out only in the cities in India resulting@CH, emissions due to aerobic conditions generated due
to accumulation of waste over the years. It isweastied that the MSW generation and disposal resuited
the emissions of 12.69 million tons of €€g in 2007.The waste water generation emissiansharsum
total of emissions from domestic waste water andtevavater disposal in industries. Waste water
management in both these categories together emBt®3 million tons of C®

;’/ Irrigated Irrigated \. / \
single aeration multiple aeration Irigated
20% 20% continuously flooded
\ Deepwater 104
0.25
(6%
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single
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Irrigated . Upland ¥ 056
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15%
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Deega\;rater Rainfed (21%) Rainfed drought m”"'[PIE
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. : N J
Fig.19: Distribution of rice area under various water Fig.20: CH4 emission distribution in million tons
management practices in India in 2007. from rice cultivation in 2007.

Here
MA- Multiple aeration, SA- Single aeration and GFentinuously flooded

Total CH, emitted in 2007 was 20.5 million tons. The enesggtor emitted 4.27 million tons of GH he
industry sector emitted 0.15 million tons of £H3.77 million tons and 2.52 million tons of Ckere
emitted from agriculture and waste sectors respagti CH, emissions from the agriculture sector is the
largest and it is 77.1% of the total Cldmitted in 2007 (Fig.21). Within the agriculturecwor CH
emitted due to enteric fermentation in livestockstdutes more than half (56.6%) of the total of ,CH
emitted in 2007.The total A emissions from India in 2007 were 0.24 milliomgoThe energy sector
emitted 0.06 million tons of }D. The industry sector emitted 0.02 million tonteTagriculture sector
emitted 0.15 million tons and the waste sector rdoutied 0.02 million tons to the total,® emitted in
2007.The agriculture sector alone contributes ntbam half (60%) of the total 0 emitted from the
country.NO from agricultural soils alone constitute 58% bé ttotal NO emitted in 2007 from all
sectors. (Fig.22).
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Fig. 21:CH, emission and distribution by sector kig. 22: N,O emitted by sector in ‘000 tons in 2007. milli@m$

Data on global warming potential (GWP) during tife tycle of various food items on fresh and dry
weight basis. On an average, £¢bntributed 71% of the GWP for food consumptioreveas C@and
N,O contributed 16% and 13%, respectively (Fig.23a)Indians mostly consume fresh foods produced
locally, 87% of the emission came from food prodhrcfollowed by preparation (10%), processing (2%)
and transportation (1%) of food (Fig.23b).
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(a) Greenhouse gases (b) Stages of life cycle

Fig.23: Relative contribution of (a) various greenhoussegaand (b) various stages of life cycle of Indian
food items towards global warming.

A balanced diet is one which contains differentd®dn quantities and proportion that the need for
calories, minerals, vitamins, carbohydrate, fat attter nutrients is met to withstand short duratidén
leanness.For the developed countries per capita @WBod consumption is about 1200-15009,@Q.
i.e., 2 times that of Indian emissidhin a common lacto-vegetarian meal rice contributes largest
amount of GHG (49%) followed by milk (22%) (Fig. &4 In a non-vegetarian meal contribution of
mutton was the largest (35%) towards GHG emisgitosely followed by rice (34%) (Fig. 24b). Kramer
et al.® showed that meat and dairy products account f& a88d 23% of GHG emission, respectively in
Dutch food.
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Fig. 24: Relative contribution of various food items to greeuse gas emission in balanced
vegetarian and non-vegetarian diets.
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b) Reduction of Greenhouse Gases through conservatiagriculture

Positive changes in agronomic practices like tdlagnanuring and irrigation can help reduce gretty
release of greenhouse gases into the atmospheoptida of zero tillage and controlled irrigationnca
drastically reduce the evolution of g@nd NO. Reduction in burning of crop residues reduces th
generation of Cg N,O and CH to a significant extent. Saving on diesel by redltillage and judicious
use of water pumps can have a major role to plagn@ing to zero tillage would save 98 liters digzal
hectare Nareskt af*®. With each liter of diesel generating 2.6 kg, ab®2 Mt CQ/annum (about 0.8
MMTCE) can be reduced by zero-tillage in the 12lioml ha under rice-wheat systems in the Indo-
Gangetic Plains alone. Intermittent irrigation adrdinage will further reduce GHemission from rice
paddies by 28% to 30% as per the findings at IAPRIi) and at Pantnagar. Use of calcium nitrate or
urea instead of ammonium sulphate and deep pladceim&tead of surface application of nitrogenous
fertilizers can increase its efficiency and plaptake thereby reducing.® emission. Tillage and crop
residues retention have a great influence on &id NO emission through the changes of soil properties
(e.g.,soil porosity, soil temperature and soil rwis etc.)'™ In some experiments,conversion
ofconventional tillage (CT) to no-till (NT) can siicantly reduce Chiand N Oemissiofi”**2 Wanget
al.," indicated that the major differences in Qioduction zone resulted from the disturbed ddgpth
the different tillage methods. Therefore, the /@kbduction zone may vary according to the adopted
tillage method. Wang et al., 1998 also reported tte main oxidation zone of Ghvas the root surface
and the interface between soil and water. The res&ues retention may have increased the soileoxid
layer. In this study, NT significantly increase@ t8P at 0-5 cm depth and thus had a larger oxide la
than other treatments, which may be beneficiahtodxidization of CH Reginaet al.*” indicated that
CH, oxidation rate was higher when there were moreroapores or fewer micro-pores in the soil.

Table 3: Carbon dioxide emissions over a 19-day period &ifteng wheat stubble with different methods

Tillage method Cumulative CO, Loss (t/ha)
Mould board plough 9.13
Disk harrow 3.88
Chisel plough 3.65
No- tillage 1.84

Source: Reicosky®® Reicosky and Lindstrot?

Maintenance of mulch under conservation tillageeiys increases the ability of soil to sequestrdde C
and reduces emissions, protecting the atmospheresome soils, following several years under a
conservation tillage system, organic matter context been shown to increase by as much as 2000
kg/halyear. Increased organic matter also imprdkessoil's nutrient and water holding capacity. As
shown Table 3, tillage increases oxidation of sgjjanic matter content releasing large quantitieS@,
whereas conservation tillage can reduce, @®ission by up to 80%.Conservation tillage hasaen
more direct impact on greenhouse gas levels. Irednce the number of trips needed to produce @ cro
and lowering the horsepower requirement for cropdpction; it reduces the amount of fuel used in
farming. Mulch tillage light to moderate tillagegs®s that leave more than 30 percent residue afteer
planting saves approximately 2.0 gallons per ‘A&eross the 46.7 million acres of mulch-tilled
cropland, that represents a savings of 93.4 milljaltons of diesel. Jasd al.,” figured the advantage of
no-till over moldboard plowing to be a fuel savirgfs3.9 gallons per acre. Extrapolating that owgrahe
nation's 65 million acres of no-till crops, a sayénof 253.5 million gallons of diesel is realized.
Combining those two figures, conservation tillagees 353.8 million gallons of diesel per year. Kern
and Johnsdh determined no-till could reduce fuel consumptigrBts to 5.7 gallons per acre, depending
on the number and type of tillage trips eliminateel soil type and moisture content.

Crop inputs, no-till emitted less G@om agricultural operations than did conventiotilidge, with 137
and 168 kg C/halyear, respectiély Larneyet al.!® suggested that although relative increases in soil
organic matter were small, increases due to adomfoNT were greater and occurred much faster in
continuously cropped than in fallow-based rotatioHence intensification of cropping practices, by
elimination of fallow and moving toward continuoasopping is the first step toward increased C
sequestration. Reducing tillage intensity, by tdemion of NT, enhances the cropping intensity affe
Changing from conventional tillage to no-till isetlefore estimated to both enhance C sequestratin a
decrease CQemission5®. The benefits of NT systems on carbon sequestratiay be soil/site specific,
and the improvement in soil organic matter may meomsistent in fine textured and poorly drained
soils'®* Studies conducted in Europe, based on EUitfplementation report provided that 70% of the
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farmland was under direct seeding and minimunmggjdeading to a reduction in G@&missions of more
than 135 MT per year. This amount represents ald@%i of the annual CCemission reduction target
until 2012, which was established at 346 MT,G®". This study assumes that the sequestration of 1 ton
of carbon is equivalent to 3.7 tons of £&nd that the consumption of 100 litres of fueldurmes an
emission of 303 kg of CQIt is also assumed that direct seeding resuleiimcrease of soil carbon of
0.77 t h&d yr' and minimum tillage of 0.5 t Hayr™. In total, conservation agriculture reduces energy
consumption between 15%-50%, reduces the working by over 50%, and increases energy efficiency
between 25% -100%.Saharaveatal™. reported that thSimulated CH emission in rice ranged from 25
to 59 kg hd, and the transplanted rice after conventional paddFP (T,) had the largest emission
followed by unpuddled transplanting JTEmission of MO from soil in rice as well as in wheat varied
between 0.10 and 0.12kg®-N ha'.Fertilizer contributed 0.24 and 0.37 kgQIN ha' in rice while it
was between 0.42 and 0.54 kgONN ha' in wheat. Farm machinery including pump used fagation
emitted 389 to 507 kg GAC ha ™ in rice and 58 to 81 kg GEC ha' in wheat. Off-farm practices such
as production of fertilizer contributed 117 to 189CO,-C ha' in rice and 222 to 252 kg G ha' in
wheat. Production of biocides contributed 47 to®2,-C hal™ in rice, while its contribution was
negligible in wheat. Application of fertilizer ardocide contributed about 40 kg GG ha' in rice-wheat
system. Ladhat al.” indicated that different RCTs in rice-wheat systema pronounced effects on the
GWP, which varied between 2799 kg Ce€quivalent ha in raised-bed system {Tand 3286 CQ
equivalent ha in FP (T,). Compared to the FP {JTall the technologies reduced the GWP by 3 to 28%.

CONCLUSIONS
Food production in India must increase by 2.5 pat @ach year to meet the demand of the growing
population and to reduce malnutrition. A signifitaart of it has to come from rice- wheat crop base
production systems. This assumes special challasgthe data on rice- wheat yield trends indicate
plateauing or progressive productivity decline imjb, Haryana,and Western Uttar Pradesh. Fordutur
productivity growth to keep pace with the incregsdemand, it is necessary to address the problem at
various levels. It will be important to make invesint in developing appropriate technologies, arablken
the farmers to take advantage of these in combimatith their own ingenuity and age old wisdom. On
croplands, tillage is the most important practigeich can have a major effect on the carbon patiee
negative with conventional plowing or positive, whido-tillage is applied. No-tillage practices claim
reverse historical carbon loss from soils,thereducing CQ in the atmosphere through storage in soil
sinks - a process known as sequestration. Carlzpresgation and an increase in soil organic matiér
have a direct positive impact on soil quality aadifity. There will also be major positive effeaia the
environment, and on the resilience and sustaitiatofi agriculture. This information can be used by
extension and private-sector consultants to prorttoteuse of no-tillage, bed planting and laser land
leveling production systems that result in increlasal carbon, improving soil quality and produinin
the long term and enhancing profitability of prodis The response of soil chemical fertility ttatie is
site-specific and depends onsoail type, croppindesys, climate, fertilizer application and managemen
practices. However, in general nutrient availapikt related to the effects of conservation agtigel on
SOC contents. The needed yield increases, productiability, reduced risks and environmental
sustainability can only be achieved through managemractices that result in an increased soilityual
The above outlined evidence for the improved soislify and production sustainability with well
implemented conservation agriculture systems iarclglthough research remains inconclusive on some
points. At the same time, the evidence for the adation caused by tillage systems is convincing for
biological and physical soil quality. Thereforeeavthough we do not know how to manage functional
conservation agriculture systems under all cond#iothe underlying principles of conservation
agriculture should provide the foundation upon \whilse development of new practices is based, rather
than be considered a parallel option to mainstrezsearch activities that focus on improving therenitr
tillage-based production systems.
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