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Presentation outline

Background info on Conservation Agriculture (CA)
CA and soil properties

CA and soil properties- Temporal Changes
Nutrient response in CA
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v" Rate-NE, GS etc

v Time- optimization results
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Big picture of nutrient management
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Area of cropland under CA by continent — 2015/16

69.9 (49.6)* 39.0 (40.9)#
63.2 (40.0) 35.2 (58.0)
22.7 (12.2) 12.7 (86.1)

13.2 (2.6) 7.4 (408)
5.2 (0.1) 2.9(5000)
2.7 (0.5) 1.5 (447)
2.5 (1.6) 1.4 (56.3)

~50% in developing regions, ~50 % in industrialized regions
Source: Kassam et al (2018)
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Changes in Soil Properties

Science of the Total Environment 640-641 (2018) 13821392

Contents lists avalable at ScienceDirect

* Soil Carbon
° ° ° : ‘ Science of the Total Environment
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ava i Ia bi I ity Long-term impact of conservation agriculture and diversified maize m

rotations on carbon pools and stocks, mineral nitrogen fractions and
nitrous oxide fluxes in inceptisol of India

L] L]
* Physical properties
I I C.M. Parihar*®, M.D. Parihar ¢, Tek B.Sapkota ¢, RK. Nanwal ©, AK. Singh?, S.L Jat® H.S. Nayak ®, D.M. Mahala?,
LK. Singh , S.K. Kakraliya “, Clare M. Stirling ©, M.L. Jat %
° S L] I b [ I * JCAR-indian Institute of Maize Research (IMR), New Delhi 110012, India
oil biology
L]
* Nutrient response

e (RAT) New Delh 110012, ndia
3 Biotech (2018) 8:304

al University, Hisar 125006, Haryana, india
Centre (IMMYT), NASC Complex, New Delhi 110012, india
Centre (GIMMYT), Mexico

Contents lists available at ScienceDirect

https://doi.org/10.1007/513205-018-1317-9 Geoderma
ORIGINAL ARTICLE . journal homepage: www.elsevier.comflocate/geoderma
@C.rossMark
Changes in soil biology under conservation agriculture based sustainable @MM\M
. . . . . . intensification of cereal systems in Indo-Gangetic Plains

Soil bacterial diversity under conservation agriculture-based cereal Madhu Choudhary”, Ashim Data®, Hamuman 5. Ja’, Arvin K. Yadav?, Mahesh K. Gathala,

. . . Tek B. Sapkota”, Amit K. Das’, Parbodh C. Sharma®, Mangi L. Jat"™, Rajbir Singh",
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CSIRO PUBLISHING WO B Contents lists available at
Soil Research (e AN

hitps://doi.org/10.1071/SR16357 Applied Soil Ecology

journal homepage: www.elsevier.com/locate/apsol

Soil biochemical changes at different wheat growth stages
in response to conservation agriculture practices
in a rice-wheat system of north-western India

Sustainable intensification influences soil quality, biota, and productivity in
cereal-based agroecosystems
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Depth distribution of total SOC concentrations under
different management systems

Total soil organic carbon (g kg?)
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The various small letters indicate significant differences among the soil depths, and the capital letters
indicate significant differences among the treatments (P<0.05)

Patra et al (ICAR-CSSRI-CIMMYT-UNU, Germany) collaboration CIMMYT.



Soil organic carbon sequestration rates (Mg ha!

yr'1) under different scenarios

Soil depth Sce4/NT- Sce3/NT- Sce2 /RT- Trend

(cm) MWMB RWMB RWMB

0-5 0.42 (0.12) 0.40 (0.22) | 0.18 (0.08) sced = Sce3=Scez
0-10 0.49(0.11) 0.44 (0.22) | 0.37(0.14) sced = Sce3=Scez
0-15 0.41(0.12) 0.39 (0.19) 0.50 (0.15) Sce2 > Sce4 > Sce3
0-20 0.38 (0.06) 0.40 (0.14) | 0.52 (0.18)

0-25 0.42 (0.10) 0.49 (0.20) | 0.55 (0.23)

0-30 0.46 (0.13) 0.56 (0.24) | 0.52(0.31) Sce3 > Sce2 >Sce4

Patra et al (ICAR-CSSRI-CIMMYT-UNU, Germany) collaboration

IcIMMYT.




Changes in organic carbon content and stocks in
different CA management practices in Bihar, India

Treatments

CTRW

ZTRW + R+ MB
PBMW + R+ MB
PBMM + R+ MB

CTRW

ZTRW + R+ MB
PBMW + R+ MB
PBMM + R+ MB

TOC
(g/kg)

7.57b
9.57a
10.3a

10.2a

4.85b
4.79b
5.22b
7.16a

2015-16

Carbon stock
(Mg C/ha)

6.76a
8.37a
7.98a

7.74a

8.37b
8.03b
8.97b
11.7a

2017-18

TOC
(g/kg)

0-5cm
8.35c¢
13.3a
11.1b

11.0b
5-15cm
6.58c¢
7.77bc
13.2a
9.70b

Source: CIMMYT-Kyoto University-ICAR-BISA collaboration

Carbon stock
(Mg C/ha)  Csequestered

7.45b
11.6a
8.55b

8.38b

11.4b
13.0b
16.9a
15.8b

(Mg C/ha/yr)

0.35b
1.62a
0.29b

0.32b

1.51b
2.06b
3.97a
2.50b

IcIMMYT.



Effect of long-term tillage and diversified systems on
SOC stock and C-sequestration potential (on equivalent
mass basis) after 9 years of continuous cropping
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Sandy loam (Inceptisols) of north-west India (semi-arid climate)

Source: Parihar et al (ICAR-IARI/IIMR-CIMMYT collaboration)
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Effect diversified crop rotations on equivalent mass
basis stock of SOC pools in different soil layers
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Changes in Nutrient Content in surface soil (0-15
cm) after 6 years of CA

Conventional
Practice based

- Intensive tillage 2 = ‘Transplanted rice 3

= Transplanted rice and wheat ~ = w-Zero-till wheat and mungbean
" 77 braoadeasting ¥ > = Residue retention

- ~NoResidue D -, 'Best management practices

-~ Farmer management practices

Soil & Crop
Management i FuII. CA based
ol

Full CA based
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Scenari

SOC N P

K pH  SQI

(%) (kgha') (kgha?') (kghal)

0.49 186.9 28.1

0.68 224.8 21.3
0.89 3011 39.5
0.82 250.0 34.5

(0.45) (131.0) (12.6)

164.5 7.68 0.30

173.6 7.37 1.00
224.6 7.55 1.79
268.8 7.56 1.51

(130.0) (8.20)

WCIMMYT.



Av. Potassium under different Management
Scenarios in Wheat based Cropping Systems
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A Slide by YS Saharawat et al CIMMY'T.



Water sol. HNO;-K, Avl. K, Exch.-K, Non-exch.-K (Kg ha?)

K Fractions under different Management

Scenarios in Rice-Wheat System

2500.0 —o—Water sol. K —=-HNO3 K Avl. K —>=Exch. K - 46000.0
—=Non-Exch. K =e—Total K Lattice K a ~ 45000.0
+
2000.0 - - 44000.0
. - 430000
‘ =
— o)
1500.0 - - 420000 X
X
- 410000 &
]
©
1000.0 - - 400000 -
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Slide by YS Saharawat et al ICIMMYT.



Effect of CA practices on Soil microbial

biomasses

Microbial CA based rice— Integration of MW verses RW
biomasses wheat-mungbean mungbean
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Biologically active fractions -sensitive indicators, predict direction and rate of change of soil
quality earlier and better

WCIMMYT.

Applied Soil Ecology, Geoderma



Metagenomic study of soil bacterial communities

Heat map is showing

distribution of dominating

phyla in scenarios

Alphaproteobacteria-
Nitrifying
(Nitrosomonas,
nitrobacter),
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N fixation
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Proteobacteria
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WCIMMYT.



Temporal changes in bulk density and aggregate mean weight
diameter (MWD) under different contrasting tillage and
cropping systems management practices in a long-term

research
200 B October-2017 @ February-2018 3.00 BOctober-2017 @February-2018
~ P abB E 250 - i1
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F 050 -
0.00 - bR o - 0.00 -
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CT-RW

RT-RWMB NT-RWMB NT-MWMB

Patra et al (2018), Soil & Tillage Research, submitted

UNU-CIMMYT-ICAR-CSSRI Joint research

WCIMMYT.




Near-saturated hydraulic conductivity k(h) as a
function of the supply pressure head, h (cm)
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* Transition from maize to wheat in the CA based crop sequence reduced Kk(h)
values by about 55-40 % at various pressure heads.

* In contrast, transition from rice to wheat in rice-based no till CA increased k(h)
values by 129, 164, 124 and 24 % in the same pressure head ranges.

Patra et al (2018), Soil & Tillage Research, submitted
UNU-CIMMYT-ICAR-CSSRI Joint research

IcIMMYT.



Acmouay AMD Archives of Agronomy and Soil Science

ISSN: 0265-0240 (Print) 1476-3567 (Online) Journal homepage: http://www.tandfonline.com/loi/gags20

Assessing soil properties and nutrient availability
under conservation agriculture practices in a
reclaimed sodic soil in cereal-based systems of
North-West India

H.S. Jat, Ashim Datta, P.C. Sharma, Virender Kumar, A.K. Yadav, Madhu
Choudhary, Vishu Choudhary, M.K. Gathala, D.K. Sharma, M.L. Jat, N.P.S.
Yaduvanshi, Gurbachan Singh & A. McDonald

Partial

CA- RWMb | MWMb
RWMb
5.002 5.252 5.012 5.352
4,52b 5.10° 5.062 5.402
4.36¢ 4.46¢ 4.50P 5.05P

YE N A LVA LVA A AW




Wheat (mean of two years, 2014-15 and 2015-16) at
different N doses (kg ha1) and rice after 6 years of
continuous rice-wheat system under CA and CT

Treatment Grain yield of wheat (t ha'1) Grain
N rates (kg ha'1) yield of

rice
(thal)
82.5 105 127.5 150 150

0
2.26 3.41 4.31 4.58 4.81 7.30

354 433 489 511 496  7.90
(56.6%) (27.0%) (13.5%) (11.6%) (3.1%) (8.2%)

Source: Jat et al (2017) lciMMYT



Effect of method and time of N application in no-
till wheat sown into rice residues

N applied (kg ha!) at Recovery
el Before 15 Before ' Efficiency of

irrigation 2nd : N (%)
irrigatio
n
25D+35B 60 0 4.42 45.0
25D+35B 30 30 4.29 44.1
25D+65B O 30 4.27 41.9
25D+95B-0 0 4.02 39.1

_ 48 48 4.79 56.7

Source: Yadvinder-Singh et al. (2015)
cIMMYT.



Layering Precision Nutrient Management in CA:
NUE and GHG Emissions in Wheat
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Nutrient Management Strategies

Sapkota et al 2014



Smallholder Precision Nutrient Management holds
the key: Example from Eastern IGP

First time user? Working in a new location? Make sure to have the 'Settings’ right!

T —_— 50 B Net Return Gain(%) ™ Grain Yield Gain(%)

*develop an optimal plantin g density for your location
*evaluate current nutrient management practices
*determine a meaningful yield goal based on attanable yleld 40
*estimate fertilizer NPK rates required for the selected yield goal
strangate fertikizer NPX rates into fertilizer sources —_—
-m.:npub:wimmh:lt«:"(:ru?rhlnn:.u,vmhmlon.mum).ud °\°
£ 30
©
O
20
o .
Drilling Drilling +NE Drilling +NE+GS Drilling+NE+GS+Tillage
2000 - M Total GWP (kgCO2e/ha) M Emission Intensity (kgCO2e/Mg yld)
1500 -
1000 -
500 -
O T r T T T T T
500 | T T ryryi
-1000 -
& & & . & & &
b(':b 6db §§\\° K§\\(\ b(",b &\\\\(\ &\\\\(\
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& o & kS & S S
& ) B S &

ICIMMYT.

Source: Jat et al (Forthcoming) (CIMMYT-BISA-CCAFS)



Portfolio: Layering precision water & nutrient
management in CA based rice-wheat system

Treatment Fertilizer N applied (kg ha 1) PFP, (kg grain kg! N applied)

Rice Wheat Rice Wheat

ZTDSR-ZTW+R (SSD) AL 96 156 79.1ab  57.5a 65.8a
ZTDSR-ZTW+R (FI) 75 120 195 63.7c  43.2b  51.1b
CTRW-R-(FI) 60 120 180 759b  38.0c  50.7b

« Layering sub Surface drip (SSD)
irrigation system in CA based RW
system produced (over conventional
till rice-wheat)-

v' ~1.0 t/ha/year higher RW yield §

v' With ~70 cm less irrigation
water

v Double irrigation water
productivity

v 38% increase in PFP-N

v 7.5 % lower environmental
footprints




52
51
50
49
48
47
46
45
44
43
42

Method and splits of N in Wheat (2017-18)
PFP, (kg grain kg! N applied)

m PBW 725 m HD 3086

ZT flood (2 equal ZT-SSD (10d  ZT-SSD (10d  ZT-SSD (15d CT flood (2 equal

splits) interval 6 equal interval 6 interval 4 equal splits)
splits) differential splits)
splits)

LSD: Management= 1.938; Geno= NS; M*G= NS

WCIMMYT.




Smallholder Precision Nutrient (& WATER) Management holds
the key for intensification of maize systems- Western IGP

TCE & Irrigation (+ N application) method | Grain Irrigation | WPi (kg/m3) | AEN (kg/kg)

Water Use

(mm)
PB-SSD- (No-N) 7.33 201.0 3.65 -
PB-SSD- (60+60 kg N/ha) 13.41 254.9 5.26 36.5
PB-SSD- (90 + 90 kg N/ha) 14.34 260.2 5.51 38.9
PB-SSD- (120 + 120 kg N/ha) 14.58 255.8 5.70 30.2

PB-Furrow irrigation (120 + 120 kg N/ha) 14.15 609.1 2.32 28.4




Green solutions for addressing the food-energy-water
(FEW) nexus in western IGP

Scenario System System WPi (kg
yield (rice |irrigation |grain m3

eq) (t/ha) |water use |water)

(cm)

\[

return,
(Rs/ha)

RWCT-FP 11.79¢d  208.61a 0.58e
RWZT-FL 11.72d 193.22b 0.61e
RWZT-SSD 12.06¢ 109.98c 1.11d
MWCT-FP 11.87cd  75.38d 1.60c
MWPB-FU 12.43b 61.70e 2.03b

MWPB-SSD 12.93a 35.14f 3.70a

128402
135338
143058
123305
138324

147612

3995
3702
3551
1665
1356

1196

Lalit kr et al (CIMMYT-BISA-PAU Collaborative Research @ Ludhiana, Punjab, India)

3680

3530

1655

1348

WCIMMYT.



Nitrogen and Sustainable Development Goals

NO 2 IR0 GOOD HEALTH
POVERTY AND WELL-BEING

ﬁ MIR & v

CLEANWATER ClIMME LIFE LIFE
AND SANITATION ACIION 14 BELOW WATER 15 ON LAND

$Q> == @&

o __

Source: Ladha, Stirling, Jat et al (2018) Advances in Agronomy-Under publication CIMMYT



Evidence on Cost-effective opportunities for climate
change mitigation in India

400 | " Green fodder supplement (ruminants) " Rice water management
— ¥ Vermicompost % Eliminate residue burning
@ 350 I " Improved diet mgmt of small ruminants (small ruminants) sprinkler/micro-sprinkler irrigation
8 300 — Efficicent fertiliser use Fertigation
O 2 50 _ Molasses Ures Products (ruminants) Controlling wind/water erosion through contour fa win
Laser land levelling ¥ Restorstion of wind/water eroded land
= 200 Biogass ® Reclaimation of salinity/Alkslinity
o 150 - Increased concentrate feeding (ruminants) ® Monensin pre-mix (ruminants)
o " Zero Tillage ® Reclamination of water logged soil
8 100 " improved diet (high fibre diet) - pigs
v 07 ]
Z 0 1 1 | —
¥ .
o) -100 ]
O 150 -

| | | | 1 | | | |
0 10 20 30 40 90 60 70 80

* All options are climate smart
* Technical Mitigation potential = 86 MtCO,e/year
* 80% of mitigation potential achieved via cost saving options

IcIMMYT.



Summary and Way forward

CA is critical for addressing the
multiple challenges of land
degradation, climate change,
input use efficiency and farm
profits and achieving SDGs
Nutrient dynamics are quite
different under CA compared to
intensive tillage based systems
and warrants a new strategy for
efficient use and management of
nutrients

In-depth understanding of
nutrient dynamics in soil under
CA is critical for efficient
management.

Need strengthening basic,
strategic as well as applied
research on nutrient dynamics
and management under CA
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The Conservatlo
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Indian Council of Agricultural Research (ICAR)
International Maize and Wheat Improvement Center (CIMMYT)

WCIMMYT.
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