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INTRODUCTION 

The world population continues to increase 

and it is projected to reach 9.1 billion by 

2050
18

. This increase is expected to come 

mostly from developing world. Therefore, the 

pressing need to ensure increased food supply 

and food security on the limited amount of 

land in the world is obvious. In the long run, 

climate change is predicted to impact 

negatively with more frequent and prolonged 

drought and higher temperature
20

. The 

combination of these problems put more 

pressure on limited arable land available fresh 

water needed for food production. This is of 

great concern when viewed in the context of 

climate change and its impact that will have on 

agricultural production and vulnerability of 

subsistence farmers and poor urban 

communities concerning food security
56

. 
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ABSTRACT 

To meet the demand of food for increasing world population from limited land and water 

resources, a key issue in modern agriculture, could be achieved through adoption of 

conservation agriculture (CA). CA has the ability to achieve expected yield in the long run with 

the help of modification/restored of physical, chemical, and biological properties of soil.  The 

role of soil in the soil-plant-atmosphere continuum is unique. The crops are grown in the soil, 

and soil properties directly or indirectly affect the availability of water and nutrients to crops. 

This review of literature provides an overview of the impact of CA on soil quality with particular 

emphasis on key soil physical, chemical and biological properties. The review of numerous 

studies indicated that soil quality and yield improvements are possible in CA although some 

negative results have also been reported under contrasting environments. CA is particularly 

relevant to the areas which have high level of soil degradation, water scarcity and low soil 

fertility status.  
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This is most likely because the incidence of 

crop failure will probably rise due to extreme 

weather events
21,50

. In response to these 

challenges, conservation agriculture (CA) has 

been proposed by many researchers
28,33,34

 to 

buffer these effects because of its powerful 

mechanism to adapt by increasing resilience to 

land degradation, drought and increasing water 

use efficiency
19

. FAO
20

 has defined CA as a 

concept for resource saving agricultural 

productivity that strives to achieve acceptable 

profits together with high and sustained 

production levels while concurrently saving 

the environment. CA and conservation tillage 

definition have created some confusion among 

scientist and also the farming community and 

according to Hobbs
33

 the differences is that 

conservation tillage uses some of the principle 

of CA but has got more soil disturbance than 

CA. CA on the other hand maintain permanent 

soil cover and this can be a decomposed 

organic matter or it can be a growing mulch. In 

its definition, CA contributes to environmental 

conservation as well as improved and 

sustained agricultural production as compared 

with conservation tillage. In addition, area less 

than 30% ground cover is not considered as 

CA. As a result, conservation tillage system is 

considered as the transitional stage towards 

and/one leg of CA
53

. The three central themes 

around CA are based on systematic crop 

rotation, permanent soil cover by crop residues 

and minimum tillage/zero tillage
48

. The 

benefits associated with CA include crop 

sequence intensification
9
, better use of 

cropping season window permitted by earlier 

field entry
34

, increased SOC
48

, soil moisture 

retention while sharply reducing run-off, soil 

erosion and surface soil temperatures
22

. 

According to FAO
21

, the long term effects of 

CA when practiced comprehensively include 

improved crop yield and reduction of the 

production costs. In recent years, farmers 

interested in sustainable crop production have 

began to adopt and adapt improved crop 

management practices, a step towards 

conservation agriculture (CA) which may be 

consider as ultimate solution. World wide 

spread of CA is about 127.9 m ha. Friedrich et 

al
25

., reported that 87% of CA adoption is 

concentrated in just 5 countries viz. USA 

(26.50 m ha), Argentina (25.55 m ha), Brazil 

(25.50 m ha), Australia (17.00 m ha), and 

South Africa (36.80 m ha). This review of 

literature discusses effects of CA on the soil 

characteristics including physical, chemical 

and biological properties as well as crop yield. 

The present text deals in observed trends, 

technical challenges, and future research 

avenues on CA. 

CA effect on soil physical properties 

Conventional tillage (CT) is one of the major 

drivers of soil destruction through physical 

breakdown of the soil structure as compared to 

reduced tillage or no tillage
16

 due to reduced 

aggregation and increased turnover of 

aggregates and fragments of roots and 

mycorrhizal hyphae which are the major 

binding agents in soil. In CA, soil is protected 

by permanent residue cover and this protects 

the soil from the impact of the rain drop, water 

and wind erosion
54

. In CT, there is no 

protection of soil by the soil cover which 

increases chances of further destruction. Zero 

tillage (ZT) rice and wheat on permanent bed 

had improved the soil aggregates as compared 

to CT rice and wheat because puddling may 

destroy soil aggregates, breaks capillary pores 

reduce permeability in sub surface layer and 

form hard pan that have a negative effect on 

succeeding crop
36

.  

Greater aggregate stability was 

observed by Liebig et al
39

., under ZT system 

relative to the CT system. Macro aggregates 

increased under ZT rice and wheat rotation 

with the 2-4 mm fraction greater than that of 

the 0.25-2 mm fraction
5
. Similarly, mean 

weight diameter (MWD) of aggregates was 

higher under double ZT and permanent beds 

and increased over time compared to CT in 

maize and wheat crops, respectively
36

.  

The faster infiltration rate was 

observed by Liebig et al
39

., and Bhushan et 

al
5
., under ZT system than CT system. As 

compared to the CT, infiltration rate was 1.16 

times, 1.21 times and 1.11 times higher in 

minimum tillage (MT), no tillage (NT) and 

raised bed (RB), respectively in kharif season. 
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Similar results were also found in rabi 

season
51

.  

After 16 years, volumetric soil water 

content in the 0-5 cm soil layer significantly 

increased by 3.1% and 4.0% under reduced 

tillage (RT) and no tillage (NT), respectively 

as compared to CT due to shading effect and 

reduced evaporation
40

.  

Soil temperatures in surface layers 

may be significantly lowerd during day time in 

summer in ZT soils with residue retention 

compared to CT
38,42

. In the same studies, 

during night time the insulation effect of the 

residues led to higher temperatures so there 

was lower amplitude of soil temperature 

variation with ZT.  

Bulk density was more in NT 

compared with CT
46

 due to tillage practices, 

having the highest reduction of this property 

and the highest increase of porosity and field 

capacity in ZT
1
. The impact of tillage and 

residue retention on soil bulk density (BD) is 

mainly confined to surface soil layer. In deeper 

soil layers, BD is generally similar in zero and 

conventional tillage
6,11,27

. A plough pan may 

be formed by tillage immediately underneath 

the tilled soil, causing higher bulk density in 

this horizon in tilled situations
13,58

. Malecka et 

al
40

., reported that RT and NT caused an 

increase in soil bulk density (BD) of 0.15 and 

0.30 g cm
-3

 as compared to CT in 0-15 cm soil 

layer. In contrast, there was no significant 

difference obtained in 10-20 cm soil layer. 

Zero tilled plots showed more compactness 

after rice, and the level of compaction reduced 

after wheat at both the depth i.e. 0-15 and 15-

30 cm due to accumulation and decomposition 

of crop residues
4
.  

Hydraulic conductivity recorded 

generally higher in ZT with residue retention 

compared to CT due to the larger macropore 

conductivity as a result of the increased 

number of biopores
17,41

. Azooz and Arshad
3
 

found that both the saturated and unsaturated 

hydraulic conductivities were higher under ZT 

conditions than under CT on two Luvisols 

(silty loam and sandy loam soils). Soil 

hydraulic conductivity after rice crop, through 

the bulk density, in zero tilled plots were 

significantly higher than that of tilled plots at 

0-15 and 15-30 cm soil depths
4
. Decrease in 

hydraulic conductivity by tillage was probably 

due to destruction of soil aggregate and 

reduction of non-capillary pores. In contrast, 

the significant increment in hydraulic 

conductivity in tilled plots over zero tilled 

plots after wheat might be due to arrangement 

of soil pores and more macro pores 

continuity
4
. 

CA effect on soil chemical properties 

The judicious use of tillage practices 

overcomes edaphic constraints, whereas 

inopportune tillage may cause a variety of 

undesirable outcomes for example, loss of 

organic matter & fertility, organic carbon, 

plant nutrient, and disruption in cycles of 

water. During the first 4 years of tillage, a 10% 

loss of initial soil organic matter content was 

determined with plough tillage. Soil organic 

matter depletion between 16% and 77% was 

caused by the tillage. In most instances, 

increased levels of tillage or increased tillage 

periods resulted in reductions of soil carbon. 

When CT is converted to conservation tillage, 

both CO2 emissions from soil and N uptake by 

the crop are reduced. Rice straw is 

characterized by a high C: N ratio and 

abundant K, Si, and C. Wheat straw have 

comparable properties except for low Si and 

low K concentration. The successful utilization 

of crop residues as a nutrient source and 

manipulating the biological processes in the 

soil optimize nutrient availability with respect 

to plant demand
44

.Blanco-Canqui and Lal
6
 

assessed long-term (10 years) impacts of three 

levels (0, 8, and 16 Mg ha
-1

 on a dry matter 

basis) of wheat straw applied annually on SOC 

under ZT on a Aeric Epiaqualf in central Ohio. 

Overall, SOC from 0 to 50 cm depth was 82.5 

Mg ha
-1 

in the unmulched soil, 94.1 Mg ha
-1

 

with 8 Mg ha
-1

 mulch, and 104.9 Mg ha
-1

 with 

16 Mg ha
-1

 mulch. Sisti et al
52

., found that 

under a continuous sequence of wheat and 

soyabean the concentrations of SOC to 100 cm 

depth under ZT were not significantly different 

from those under CT.  

ZT is generally associated with a 

lower N availability because of greater 
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immobilization by the residues left on the soil 

surface
8,43,47

. According to Schoenau and 

Campbell
49

, a greater immobilization in CA 

can enhance the conservation of soil and 

fertilizer N in the long run, with higher initial 

N fertilizer requirements, and decreasing over 

time because of reduced losses by erosion and 

the build-up of a larger pool of readily 

mineralizable organic N. Numerous studies 

have reported higher extractable P levels in ZT 

than in tilled soil
15,16,23

, largely due to reduced 

mixing of the fertilizer P with the soil, leading 

to lower P-fixation. After 20 years of ZT, 

extractable P was 42% greater at 0-5 cm, but 

8-18% lower at 5-30 cm depth compared with 

CT in a silt loam
35

. ZT conserves and increases 

availability of nutrients, such as K, near the 

soil surface where crop roots proliferate
23

. 

According to Govaerts et al
32

., permanent 

raised beds (RB) had a concentration of K 1.65 

times and 1.43 times higher in the 0-5 cm and 

5-20 cm layer, respectively, than 

conventionally tilled raised beds, with crop 

residue retention of both rice and wheat crops. 

In both tillage systems (CT and RB), K 

accumulated in the 0-5 cm layer, but this was 

more accentuated in permanent than in 

conventionally tilled raised beds. Most studies 

have shown that tillage does not affect 

extractable Ca and Mg levels
15,16,32

 especially, 

where the cation exchange capacity (CEC) is 

primarily associated with clay particles
16

. The 

Ca concentrations were higher in the 0-5 cm 

layer of ZT as compared to the deeper layers 

in the work of Duiker and Beegle
16

 but the 

reverse was true for mouldboard tillage. 

Increasing supply to food crops of essential 

micronutrients might result in significant 

increases in their concentrations in edible plant 

products, contributing to consumer’s health
57

. 

Long-term continuous use of NT on a fine-

textured, high-fertility (except for N) soil had 

no apparent adverse effects on nutrient 

distributions relative to CT, but enhanced 

conservation and availability of P, K, Zn, Fe, 

Mn, and Cu near the soil surface where crop 

roots proliferate due to surface placement of 

crop residues
23

. In contrast, Govaerts et al
32

., 

reported that tillage practice had no significant 

effect on the concentration of extractable Fe, 

Mn and Cu, but that the concentration of 

extractable Zn was significantly higher in the 

0-5 cm layer of permanent raised beds 

compared to conventionally till raised beds 

with full residue retention. 

CA effect on soil biological properties 

Alteration in tillage, crop residue, and crop 

rotation practices induce major shifts in the 

number and composition of soil fauna and 

flora, including both pests and beneficial 

organisms
2,7

. The soil micro- and macro-

organism play an important role in physical 

stabilization of soil aggregates
14,24

. The rate of 

organic C input from crop biomass is generally 

considered the dominant factor controlling the 

amount of soil microbial biomass (SMB) in 

soil. The SMB reflects the soil’s ability to 

store and cycle nutrients (C, N, P and S) and 

organic matter, and has a high turnover rate 

relative to the total soil organic matter
10,12

. Due 

to its dynamic character, SMB responds to 

changes in soil management often before 

effects are measured in terms of SOC and N
45

. 

In the subtropical highlands of Mexico, 

residue retention resulted in significantly 

higher amounts of SMB-C and N in the 0-15 

cm layer compared to residue removal
29

. 

Spedding et al
55

., found that residue 

management had more influence than tillage 

system on microbial characteristics, and higher 

SMBC and N levels were found in plots with 

residue retention than with residue removal, 

although the differences were significant only 

in the 0-10 cm layer. NT system increased 

total carbon by 45%, microbial biomass by 

83% and SMBC: total carbon ratio by 23% at 

0-5 cm depth over CT after 21 years. Carbon 

and nitrogen mineralization increased by 74% 

with NT compared to CT systems for the 0-20 

cm depth. These soil microbial properties were 

shown to be sensitive indicators of long term 

tillage management under tropical condition. 

CA effect on crop yield 

Better plant growth and higher yield depend 

on well-developed root system. Restricted root 

growth resulted in reduced nutrient uptake and 

poor growth of plants
43

. Govaerts et al
31

., 

evaluated the soil quality of plots after more 
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than 10 years of different tillage and residue 

management treatments. They showed the 

direct and significant relation between the soil 

quality status and the crop yield, and observed 

that ZT with crop residue retention obtained 

the highest crop yields as well as the highest 

soil quality status
30,31

. In contrast, the 

uncovered soil under ZT showed the poorest 

soil quality i.e. low SOC and aggregate 

stability; more compaction; lack of moisture 

resulting in the lowest yields of maize 

monoculture
26,31

. Jat et al
37

., reported the effect 

of 3 tillage systems (conventional flat, CTF; 

no-till flat, NTF; permanent raised beds, NTB) 

on crop production in maize-wheat rotation 

and observed the highest grain yield of maize 

(8.2-73.4%) under NTB followed by NTF and 

CTF across the years. Wheat yield was 

significantly higher under NTF during the 1
st
 

year while tillage practices had non-significant 

effect in the succeeding two years. Thus, CA, 

that combines reduced tillage, crop residue 

retention, and functional crop rotations, 

together with adequate crop and system 

management, permit the adequate productivity, 

stability and sustainability of agriculture. 

 

CONCLUSION 

Conservation agriculture (CA) practices are 

ecological approach to soil surface 

management. Proper use of crop residues with 

ZT favored the nutrient buildup, improved the 

soil environment and resulted in increased 

crop yield in a wide variety of soil. There is 

some evidence that the soil physical 

properties, organic carbon and nutrient 

availability in the top 5 cm of the profile may 

be greater under ZT when residue is retained. 

Combinations of tillage, residue management 

and crop rotation had a significant impact on 

nutrient distribution and transformation in 

soils. ZT practices without residues retention 

also improved the SOM and nutrients but to a 

lesser extent as compared to ZT with residues 

retention.  ZT with residues retention on flat as 

well as bed planting was the most beneficial in 

cropping system. CA based crop production 

system is one of the pathways for improving 

productivity and food security while sustaining 

the natural resources in variety of ecological 

region. ZT with residues retention may be 

recommended to farmers in the best interest of 

food security and soil quality. 

 

REFERENCES 

1. Alam, M.K., Islam, M.M., Salahin, N. and 

Hasanuzzaman, M., Effect of Tillage 

Practices on Soil Properties and Crop 

Productivity in Wheat Mungbean-Rice 

Cropping System under Subtropical 

Climatic Conditions, The Scient. World J. 

1-15 (2014). 

2. Andersen, A., Plant protection in spring 

cereal production with reduced tillage. II. 

Pests and beneficial insects, Crop prot. 18: 

651-657 (1999). 

3. Azooz, R.H. and Arshad, M.A., Soil 

infiltration and hydraulic conductivity 

under long-term no-tillage and 

conventional tillage system, Can. J. Soil 

Sci. 76: 143-152 (1996). 

4. Bhattacharyya, R., Prakash, V., Kundu, S. 

and Gupta, H.S., Effect of tillage and crop 

rotations on pore size distribution and soil 

hydraulic conductivity in sandy clay loam 

soil of the Indian Himalayas, Soil Till. Res. 

82: 129-140 (2006). 

5. Bhushan, L., Ladha, J.K., Gupta, R.K., 

Singh, S., Tirol-Padre, A., Saharawat, 

Y.S., Gathala, M. and Pathak, H., Saving 

of water and labor in rice-wheat systems 

with no-tillage and direct seeding 

technologies, Agron. J., 99: 1288-1296 

(2007). 

6. Blanco-Canqui, H. and Lal, R., Impacts of 

long-term wheat straw management on 

soil hydraulic properties under no-tillage, 

Soil Sci. Soc. Am. J. 71: 1166-1173 

(2007). 

7. Bockus, W.W. and Shroyer, J.P., The 

impact of reduced tillage on soilborne 

plant pathogens, Annu. Rev. Phytopathol. 

36: 485-500 (1998). 

8. Bradford, J.M. and Peterson, G.A., 

Conservation tillage. In Handbook of soil 

science, ed. M. E. Sumner, G247-G269. 

Boca Raton, FL, USA: CRC Press (2000). 



 

Kumar et al                               Int. J. Pure App. Biosci. 5 (6): 558-565 (2017)     ISSN: 2320 – 7051  

Copyright © Nov.-Dec., 2017; IJPAB                                                                                                             563 
 

9. Brouder, S.M. and Gomez-Macpherson, 

H., The impact of conservation agriculture 

on small agricultural yields: a scoping 

review of evidence. Agric. Ecosyst. 

WEnviron. 187: 11-32 (2014). 

10. Carter, M.R., Gregorich, E.G., Angers, 

D.A., Beare, M.H., Sparling, G.P., Wardle, 

D.A. and Voroney, R. P., Interpretation of 

microbial biomass measurements for soil 

quality assessment in humid temperate 

regions, Can. J. Soil Sci. 79: 507-520 

(1999). 

11. D'Haene, K., Vermang, J., Cornelis, W.M., 

Leroy, B.L.M., Schiettecatte, W., De 

Neve, S., Gabriels, D. and Hofman, G., 

Reduced tillage effects on physical 

properties of silt loam soils growing root 

crops, Soil Till. Res. 99: 279-290 (2008). 

12. Dick, R.P., A Review - Long-Term Effects 

of Agricultural Systems on Soil 

Biochemical and Microbial Parameters, 

Agr. Ecosyst. Environ. 40: 25-36 (1992) 

13.  Dolan, M.S., Clapp, C.E., Allmaras, R.R., 

Baker, J.M. and Molina, J.A.E., Soil 

organic carbon and nitrogen in a 

Minnesota soil as related to tillage, residue 

and nitrogen management, Soil Till. Res. 

89: 221-231 (2006). 

14. Doran, J.W., Elliott, E.T. and Paustian, K., 

Soil microbial activity, nitrogen cycling, 

and long-term changes in organic carbon 

pools as related to fallow tillage 

management, Soil Till. Res. 49: 3-18 

(1998). 

15. Du Preez, C.C., Steyn, J.T. and Kotze, E., 

Long-term effects of wheat residue 

management on some fertility indicators of 

a semi-arid Plinthosol, Soil Till. Res. 63: 

25-33 (2001). 

16. Duiker, S.W. and Beegle, D.B., Soil 

fertility distributions in long-term no-till, 

chisel/disk and moldboard plow/disk 

systems, Soil Till. Res. 88: 30-41 (2006). 

17. Eynard, A., Schumacher, T.E., Lindstrom, 

M. J. and Maio, D. D., Porosity and pore-

size distribution in cultivated ustolls and 

usterts, Soil Sci. Soc. Am. J. 68: 1927-1934 

(2004). 

18. F.A.O., Global Agriculture Towards 2050. 

FAO, Rome (2009a). 

19. F.A.O., Scaling up conservation 

agriculture in Africa: strategy and 

approaches (2009b). 

20. F.A.O., Conservation agriculture and 

sustainable crop intensification in Lesotho. 

Integrated crop management Vol. 10, 

Rome, Italy (2010b). 

21. F.A.O., Socio –Economic Analysis of 

conservation Agriculture in Southern 

Africa, Network Paper 02. Johannesburg : 

Regional Emergency Office for South 

Africa (2011). 

22. Findlater, K., Conservation agriculture: 

South Africa’s new green revolution. 

Africa Potal No 61 (2013).  

23. Franzluebbers, A.J. and Hons, F.M., Soil-

profile distribution of primary and 

secondary plantavailable nutrients under 

conventional and no tillage, Soil Till. Res. 

39: 229-239 (1996). 

24. Franzluebbers, A. J., Haney, R. L., Hons, 

F. M. and Zuberer, D. A., Assessing 

biological soil quality with chloroform 

fumigation-incubation: Why subtract a 

control? Can. J. Soil Sci. 79: 521-528 

(1999). 

25. Friedrich, T., Derpsch, R. and Kassam, A., 

Overview of the Global Spread of 

Conservation Agriculture, The J. Field 

Act. 6: 1-16 (2012). 

26. Fuentes, M., Govaerts, B., De León, F., 

Hidalgo, C., Sayre, K.D., Etchevers, J. and 

Dendooven, L., Fourteen years of applying 

zero and conventional tillage, crop rotation 

and residue management systems and its 

effect on physical and chemical soil 

quality, Eur. J. Agron. 30: 228–237 

(2009). 

27. Gal, A., Vyn, T.J., Micheli, E., Kladivko, 

E.J. and McFee, W.W., Soil carbon and 

nitrogen accumulation with long-term no-

till versus moldboard plowing 

overestimated with tilled-zone sampling 

depths, Soil Till. Res. 96: 42-51 (2007). 

28. Giller, K.E., Witter, E., Corbeels, M. and 

Tittonell, P., Conservation agriculture and 



 

Kumar et al                               Int. J. Pure App. Biosci. 5 (6): 558-565 (2017)     ISSN: 2320 – 7051  

Copyright © Nov.-Dec., 2017; IJPAB                                                                                                             564 
 

smallholder farming in Africa: the heretics 

view, Field Crop Res. 94: 33-42 (2009). 

29. Govaerts, B., Mezzalama, M., Unno, Y., 

Sayre, K.D., Luna-Guido, M., Vanherck, 

K., Dendooven, L. and Deckers, J., 

Influence of tillage, residue management, 

and crop rotation on soil microbial 

biomass and catabolic diversity, Appl. Soil 

Ecol. 37: 18-30 (2007b). 

30. Govaerts, B., Sayre, K.D. and Deckers, J., 

Stable high yields with zero tillage and 

permanent bed planting? Field Crop. Res. 

94: 33-42 (2005). 

31. Govaerts, B., Sayre, K.D. and Deckers, J., 

A minimum data set for soil quality 

assessment of wheat and maize cropping 

in the highlands of Mexico, Soil Till. Res. 

87: 163-174 (2006b). 

32. Govaerts, B., Sayre, K.D., Lichter, K., 

Dendooven, L. and Deckers, J., Influence 

of permanent raised bed planting and 

residue management on physical and 

chemical soil quality in rain fed 

maize/wheat systems, Plant Soil. 291: 39-

54 (2007c). 

33. Hobbs, P.R., Conservation agriculture: 

what is it and why is it important for future 

sustainable food production, J. Agric. Sci. 

145: 127-137 (2007). 

34. Hobbs, P.R., Sayre, K. and Gupta, R., The 

role of conservation agriculture in 

sustainable agriculture. Philosophical 

Transactions of the Royal Society B, Biol. 

Sci. 363: 543-555 (2008). 

35. Ismail, I., Blevins, R.L. and Frye, W.W., 

Long-Term No-Tillage Effects on Soil 

Properties and Continuous Corn Yields, 

Soil Sci. Soc. Am. j. 58: 193-198 (1994). 

36. Jat, M.L., Gathala, M.K., Ladha, J.K., 

Saharawat, Y.S., Jat, A.S., Sharma, V.K., 

Kumar, S. K. and Gupta, R.K., Evaluation 

of precision land leveling and double zero-

till systems in the rice-wheat rotation: 

water use, productivity, profitability and 

soil physical properties, Soil Till. Res. 105: 

112-121(2009). 

37. Jat, M.L., Gathalac, M.K., Saharawatd, 

Y.S., Tetarwale, J.P., Gupta, R. and Singh, 

Y., Double no-till and permanent raised 

beds in maize-wheat rotation of north-

western Indo-Gangetic plains of India. 

Effects on crop yields, water productivity, 

profitability and soil physical properties, 

Field Crop Res. 149: 291-299 (2013). 

38. Johnson, A.M. and Hoyt, G.D., Changes to 

the soil environment under conservation 

tillage, Hort. Tech. 9: 380-393 (1999). 

39. Liebig, M.A., Tanaka, D.L. and Wienhold, 

B.J., Tillage and cropping effects on soil 

quality indicators in the northern Great 

Plains, Soil Till. Res. 78: 131-141 (2004). 

40. Malecka, I., Blecharczyk, A., Sawinska, Z. 

and Dobrzeniecki, T., The effect of 

various long term tillage systems on soil 

properties and spring barley yield, Turk. J. 

Agric. Fty. 36: 217-226 (2012). 

41. Mc Garry, D., Bridge, B.J. and Radford, 

B.J., Contrasting soil physical properties 

after zero and traditional tillage of an 

alluvial soil in the semi-arid subtropics, 

Soil Till. Res. 53: 105-115 (2000). 

42. Oliveira, J.C.M., Timm, L.C., Tominaga, 

T.T., Cassaro, F.A.M., Reichardt, K., 

Bacchi, O. O.S., Dourado- Neto, D. and 

Camara, G.M.D., Soil temperature in a 

sugar-cane crop as a function of the 

management system, Plant Soil. 230: 61-

66 (2001). 

43. Peterson, L.M., Klepper, B., Pumphry, 

F.V. and Rickman, R.W., Restricted 

rooting decrease tillering and growth of 

wheat, Agron. J. 76: 861-863 (1984). 

44. Ponnamperuma, F.N., Straw as a source of 

nutrients for wetland rice. In‘‘Organic 

Matter and Rice’’, Int. Rice Res. Institute, 

Los Banos, Philippines, pp. 117-135 

(1984). 

45. Powlson, D.S. and Jenkinson, D.S., A 

Comparison of the Organic-Matter, 

Biomass, Adenosine Triphosphate and 

Mineralizable Nitrogen Contents of 

Ploughed and Direct-Drilled Soils, J. 

Agric. Sci. 97: 713-721 (1981). 

46. Ram, H., Singh, Y., Saini, K.S., Kler, 

D.S., Timsina, J. and Humphreys, E.J., 

Agronomic and economic evaluation of 

permanent raised beds, no tillage and 

straw mulching for an irrigated maize-



 

Kumar et al                               Int. J. Pure App. Biosci. 5 (6): 558-565 (2017)     ISSN: 2320 – 7051  

Copyright © Nov.-Dec., 2017; IJPAB                                                                                                             565 
 

wheat system in northwest India, Exple. 

Agricu. 48(1): 21-38 (2012).  

47. Rice, C.W. and Smith, M.S., Short-Term 

Immobilization of Fertilizer Nitrogen at 

the Surface of No- Till and Plowed Soils, 

Soil Sci. Soc. Am. J. 48: 295-297 (1984). 

48. Rusinamhodzi, L., Crop rotation and 

residues management in conservation 

agriculture. In: Farooq, M., Siddique, K. 

H. M. (Eds), Conservation Agriculture 

Springer International Publishing, pp. 21-

37 (2015). 

49. Schoenau, J.J. and Campbell, C.A., Impact 

of crop residues on nutrient availability in 

conservation tillage systems, Can. J. Plant 

Sci. 76: 621-626 (1996). 

50. Schulze, E., Approaches towards practical 

adaptive management option for selected 

water-related sectors in South Africa in a 

context of climate change. Water SA 

WRC 40-Year Celebration Special 

Edition, 37(5): 621-645 (2011).  

51. Sharma, P., Abrol, V. and Sharma, R.K., 

Impact of tillage and mulch management 

on economics, energy requirement and 

crop performance in maize-wheat rotation 

in rainfed subhumid inceptisols, India, 

Eur.  J. Agron. 34: 46-51 (2011). 

52. Sisti, P.J., Henrique, P., Rainoldo, K., 

Bruno, J.R., Alves,  S.U., Robert, M. and  

Boddey, Change in carbon and nitrogen 

stocks in soil under 13 years of 

conventional or zero tillage in southern 

Brazil Claudia, Soil Till. Res. 76: 39-58 

(2004). 

53. Sithole, N. and Modi, A.T., Responces of 

selected bottle gourd landraces [Lagenaria 

siceraria (Molina Standly)] to water stress, 

Acta Agric. Scand. 65: 350-356 (2015). 

54. Six, J., Elliott, E.T. and Paustian, K., Soil 

macroaggregate turnover and 

microaggregate formation: a mechanism 

for C sequestration under no-tillage 

agriculture. Soil Biol. Biochem. 32: 2099-

2103 (2000). 

55. Spedding, T.A., Hamel, C., Mehuys, G.R. 

and Madramootoo, C.A., Soil microbial 

dynamics in maize-growing soil under 

different tillage and residue management 

systems Soil Bio. Biochem. 36: 499-512 

(2004) 

56. Thierfelder, C., Rusinamhodzi, L., 

Ngwira, A.R., Mupangwa, W., Nyagumbo, 

I., Kassie, G.T. and Cairns, I.E., 

Conservation agriculture in Southern 

Africa: Advances in knowledge. Renew, 

Agric. Food Syst. 30: 328-448 (2014). 

57. Welch, R.M., The impact of mineral 

nutrients in food crops on global human 

health, Plant Soil. 247: 83-90 (2002). 

58. Yang, X.M. and Wander, M.M., Tillage 

effects on soil organic carbon distribution 

and storage in a silt loam soil in Illinois, 

Soil Till. Res. 52: 1-9 (1999). 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 


