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[bookmark: _GoBack]A field experiment was conducted at Taraori, Karnal, in farmer’s participatory mode on sustainable intensification of cereal systems by International Maize and Wheat Improvement Centre (CIMMYT) to evaluate the effects of CA based management practices such as zero tillage (ZT), direct seeding of rice (DSR), crop diversification, residue recycling and legume integration for SI in comparison to conventional management on different soil parameters and crop productivity. Fourteen treatments were included in which four treatments (T1-T4) with rice-wheat and two treatments (T11-T12) with maize-wheat system were based on conventional agriculture, while six treatments (T5-T10) with rice-wheat and two (T13-T14) with maize-wheat were based on CA management practices. Experiment was started in 2012 and below mentioned data were recorded for 2012. 
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Table 1.Description of treatment details
	Symbol
	Treatment notations
	Cropping system
	Tillage and crop establishment
	Residue management
	Residue recycled (t/ha)

	T1
	CTR-CTW (FP)
	Rice-wheat-fallow
	Rice: Two disc harrow, two cross harrow for puddling (wet tillage) followed by planking. Rice was manually transplanted
Wheat: Two passes of harrow, three passes of cultivator followed by planking. wheat seed was broadcasted before last ploughing
	Residue removed
	NA

	T2
	CTR-CTW (RDF)
	Rice-wheat-fallow
	Same as in T1

	Same as in T1
	NA

	T3
	CTR-CTW-CTMb (Mb Ri)
	Rice-wheat-mungbean
	Same as in T1 and one pass of harrow and two pass of cultivator in mungbean

	Mungbean residue was incorporated before puddling of rice
	5.52

	T4
	CTR-CTW (RW Ri)
	Rice-wheat-fallow
	Same as in T1

	100% rice and33%wheat residue was incorporated
	26.50

	T5
	ZTDSR-ZTW (FP)
	Rice-wheat-fallow
	Zero till DSR (direct seeded rice) and wheat  was planted using seed-cum-fertilizer drill
	Residue removed
	NA

	T6
	ZTDSR-ZTW (RDF)
	Rice-wheat-fallow
	Same as in T5
	Same as in T5
	NA

	T7
	ZTDSR-ZTW-ZTMb (Mb Rr)
	Rice-wheat-mungbean
	Same as in T5 and relay mungbean
	Mungbean residue was retained on soil surface
	4.56

	T8
	ZTDSR-ZTW (R Rr)
	Rice-wheat-fallow
	Sowing of both the crops using turbo happy seeder
	100% rice residue was retained on soil surface
	18.39

	T9
	ZTDSR-ZTW (RW Rr)
	Rice-wheat-fallow
	Same as in T8
	100% rice and 33% wheat residue was retained on soil surface
	24.53

	T10
	ZTDSR-ZTW-ZTMb (RWMbRr)
	Rice-wheat-mungbean
	Same as in T8 and relay mungbean
	100% rice, 33% wheat and 100% mungbean residue retained on soil surface
	30.95

	T11
	CTM-CTW (FP)
	Maize-wheat-fallow
	Maize: Two passes of harrow, two passes of cultivator followed by planking. Maize was sown using seed-cum-fertilizer drill
Wheat: Two passes of harrow, three passes of cultivator followed by planking. wheat seed was broadcasted before last ploughing
	Residue removed.
	NA

	T12
	CTM-CTW-CTMb (MWMbRi)
	Maize-wheat-mungbean
	Same as in T11 and one pass of harrow and one pass of cultivator in mungbean
	50% maize, 33% wheat and 100% mungbean residue was incorporated
	28.59

	T13
	ZTM-ZTW (MW Rr)
	Maize-wheat-fallow
	ZT maize and wheat. Crops were sown on permanent beds using bed planter
	50% maize and 33% wheat residue was retained
	24.48

	T14
	ZTM-ZTW-ZTMb (MWMbRr)
	Maize-wheat-mungbean
	Same as in T13 and relay mungbean
	50% maize, 33% wheat and 100% mungbean residue was retained 
	29.75


Where: R-rice;W-wheat; M-maize; Mb-mungbean; CT- conventional till; ZT- zero-till; FP-farmers practice; RDF-recommended dose of fertilizer;Ri- residue incorporated;Rr- residue retained, NA- not applicable
Table 2.Soil physico-chemical properties under different CT (conventional tillage) and CA (conservational agriculture) based management practices
	Treatments*
	pH 
	EC (dS m-1)
	BD (Mg m-3)
	OC (g kg-1)

	T1
	7.83±0.05b**
	0.52±0.01a
	1.47±0.01a
	4.6±0.06i

	T2
	7.95±0.05ab
	0.40±0.01cd
	1.46±0.01a
	5.2±0.06h

	T3
	8.10±0.06a
	0.41±0.02cd
	1.42±0.01b
	5.8±0.07fg

	T4
	7.90±0.03b
	0.44±0.01c
	1.41±0.01c
	6.6±0.06d

	T5
	7.90±0.07b
	0.53±0.01a
	1.37±0.01de
	5.4±0.06gh

	T6
	7.88±0.02b
	0.48±0.01b
	1.37±0.01d
	6.0±0.12ef

	T7
	7.99±0.01a
	0.36±0.01e
	1.37±0.01d
	6.2±0.06e

	T8
	7.89±0.03b
	0.51±0.02a
	1.35±0.01ef
	7.6±0.06c

	T9
	7.66±0.06c
	0.47±0.01b
	1.36±0.00de
	8.2±0.06ab

	T10
	7.64±0.04c
	0.54±0.02a
	1.35±0.01ef
	8.4±0.06a

	T11
	7.95±0.06ab
	0.42±0.05cd
	1.37±0.00d
	5.2±0.06h

	T12
	7.91±0.05b
	0.41±0.01cd
	1.37±0.01d
	7.8±0.12c

	T13
	7.91±0.04b
	0.39±0.01cde
	1.34±0.01ef
	6.5±0.12d

	T14
	7.91±0.07b
	0.39±0.01e
	1.33±0.00f
	7.9±0.09abc


EC Electrical conductivity; BD Bulk density; OC Organic carbon
* Refer table 1 for treatment description
For all variables n= 3 ± standard error of mean.
**Means of column followed by the same letters within each column not statistically different (P≤0.05, Duncan’s multiple range test)



Table 3. Soil microbial activities and count under different management practices
	Treatments*
	MBC (µg g-1 dry soil)
	MBN (µg g-1 dry soil)
	DHA (µgTPF g-1soil 24h-1)
	APA (µg p-nitrophenol g-1h-1)
	Bacteria (CFU ×104g-1 soil)
	Fungi (CFU ×102g-1 soil)
	Actinomycetes (CFU ×104g-1 soil)

	T1
	646±10.33i**
	201±1.86g
	180±8.7f
	144±5.4f
	74.7±0.67h**
	45.3±0.88f
	35.5±0.76g

	T2
	804±3.31h
	221±1.76fg
	193±13.2ef
	150±9.8ef
	76.4±0.87gh
	49.7±1.67ef
	37.6±1.32g

	T3
	981±19.86fg
	269±13.42f
	245±12.5def
	175±4.5bcdef
	82.3±1.45efg
	56.0±1.73de
	47.3±0.67de

	T4
	1110±33.61ef
	338±27.68e
	256±17.4def
	176±4.7bcdef
	83.2±1.61def
	57.9±2.19cd
	49.0±0.17cde

	T5
	887±33.38gh
	233±2.18fg
	196±7.4ef
	153±8.0ef
	78.6±1.33fgh
	52.2±0.00def
	40.2±1.42fg

	T6
	907±7.58gh
	245±0.57fg
	260±42.7def
	163±1.2cdef
	81.7±0.88efg
	55.4±2.23de
	46.3±0.93def

	T7
	1158±72.20de
	359±3.35e
	263±18.1def
	183±3.4abcde
	85.0±0.58def
	59.3±0.33cd
	50.7±0.67bcd

	T8
	1177±31.76de
	359±14.81de
	298±22.2cde
	181±3.6abcde
	85.9±1.67cde
	63.7±1.48c
	51.2±1.01bcd

	T9
	1295±33.38cd
	475±5.78c
	404±3.5bc
	196±10.4abc
	91.3±0.17abc
	72.1±1.46ab
	54.4±1.45b

	T10
	1404±29.06bc
	545±3.61b
	432±33.6b
	204±5.3ab
	94.3±0.93ab
	73.1±0.07ab
	68.0±1.73a

	T11
	890±21.22gh
	239±10.54fg
	219±6.0def
	157±0.9def
	81.4±1.47fgh
	53.8±1.86de
	44.9±1.92ef

	T12
	1478±32.84b
	579±6.76b
	453±27.9b
	208±13.2ab
	93.9±1.04ab
	73.6±1.83ab
	68.6±0.67a

	T13
	1270±16.42cd
	412±2.77d
	313±9.1cd
	188±2.0abcd
	87.4±1.01bcd
	65.5±1.17bc
	54.2±1.09bc

	T14
	2021±37.53a
	789±4.48a
	558±16.2a
	214±1.2a
	95.5±1.01a
	76.2±0.17a
	70.3±0.58a


MBC Microbial biomass carbon; MBN Microbial biomass nitrogen; DHA Dehydrogenase activity; APA Alkaline phosphatase activity; CFU colony forming unit
* Refer table 1 for treatment description
For all variables n= 3 ± standard error of mean.
**Means of column followed by the same letters within each column not statistically different (P≤0.05, Duncan’s multiple range test)


Table5.Microarthropods population under different management practices
	Treatments*
	Collembola
	Acari
	Protura
	Diplura
	Araneae
	Hymenoptera
	Total population
	Evenness
	Richness
	Shannon diversity index (SDI)

	T1
	12.3±8.4
	1.0±0.6
	0.3±0.3
	-
	0.7±0.7
	-
	17.0
	0.393
	4
	

	T2
	28.0±12.0
	2.7±2.7
	0.3±0.3
	-
	-
	0.3±0.0
	31.3
	0.293
	4
	

	T3
	42.7±12.3
	4.7±3.7
	1.3±1.3
	-
	0.7±0.7
	-
	49.3
	0.364
	4
	

	T4
	29.7±13.1
	2.9±2.2
	-
	-
	0.4±0.3
	-
	34.7
	0.306
	3
	

	T5
	35.6±16.5
	4.1±3.1
	-
	-
	0.3±0.3
	-
	40.0
	0.339
	3
	

	T6
	46.5±24.5
	1.5±0.5
	0.5±0.7
	-
	-
	-
	48.5
	0.178
	3
	

	T7
	12.5±3.7
	2.5±0.3
	0.5±0.0
	0.3±0.3
	-
	-
	16.3
	0.469
	4
	

	T8
	9.7±5.2
	2.5±0.3
	-
	-
	-
	0.4±0.3
	18.7
	0.541
	3
	

	T9
	11.0±4.
	5.0±3.0
	-
	-
	-
	0.5±0.5
	16.5
	0.672
	3
	

	T10
	13.5±10.9
	7.0±3.5
	-
	-
	0.3±0.3
	-
	35.9
	0.637
	3
	

	T11
	2.4±0.3
	1.0±0.6
	-
	-
	-
	-
	4.0
	0.881
	2
	

	T12
	6..2±1.9
	1.8±1.2
	0.0±0.5
	-
	-
	0.3±0.3
	8.7
	0.600
	3
	

	T13
	1.4±0.3
	-
	-
	0.3±0.3
	0.3±0.3
	-
	2.4
	0.789
	3
	

	T14
	4.5±2.8
	1.1±1.0
	-
	0.4±0.3
	-
	-
	6.0
	0.617
	3
	


* Refer table 1 for treatment description
For all variables n= 3 ± standard error of mean.
Table 6. Soil microarthropods taxa, associated eco-morphological index (EMI) and QBS (biological soil quality) values
	 Microarthropod Taxa
	Eco-morphological index (EMI) values

	
	T1*
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	T10
	T11
	T12
	T13
	T14

	Collembola
	20
	20
	20
	10
	20
	20
	10
	10
	6
	20
	20
	20
	20
	20

	Acari
	20
	20
	20
	20
	20
	20
	20
	20
	20
	20
	20
	20
	0
	20

	Protura
	10
	20
	20
	0
	0
	20
	20
	0
	0
	0
	0
	20
	0
	0

	Diplura
	0
	0
	0
	0
	0
	0
	20
	0
	0
	0
	0
	0
	20
	20

	Araneae
	5
	0
	5
	5
	5
	0
	0
	0
	0
	5
	0
	0
	5
	0

	Hymenoptera
	0
	5
	0
	0
	0
	0
	0
	5
	5
	0
	0
	5
	0
	0

	QBS
	55
	65
	65
	35
	45
	60
	70
	35
	31
	45
	40
	65
	45
	60


* Refer table 1 for treatment description



Table 7.Effect of management practices on yield (Mg ha-1) under different cereal based cropping systems
	Treatments*
	Rice equivalent yield
	Wheat yield
	System yield (Wheat equivalent)

	T1
	6.53d**
	4.77d
	11.12e

	T2
	7.29abc
	5.00cd
	12.09de

	T3
	7.44abc
	4.73d
	14.47abc (0.78)****

	T4
	6.91bcd
	5.02cd
	11.74de

	T5
	6.77bcd
	5.47abcd
	12.06de

	T6
	7.06abcd
	5.60abcd
	13.34cd (0.27)

	T7
	7.48ab
	5.99abc
	15.92a (0.83)

	T8
	7.18abcd
	5.99abc
	12.98cde

	T9
	6.71cd
	6.23a
	13.65bcd (0.28)

	T10
	6.94bcd
	6.14ab
	15.50ab (0.82)

	T11
	6.49d (6.91)***
	4.92cd
	11.23e

	T12
	7.11abcd (7.56)
	5.13bcd
	14.51abc (0.77)

	T13
	7.39abc (7.86)
	5.22abcd
	12.40de

	T14
	7.76a (8.25)
	5.36abcd
	15.54ab (0.82)


* Refer table 1 for treatment description
**Means of column followed by the same letters within each column not statistically different (P≤0.05, Duncan’s multiple range test)
*** In parenthesis actual yield of maizeunder column rice yield
**** In parenthesis actual yield of mung bean under column system yield


