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Introduction 
Maize (Zea mays L.), popularly known as the queen of the cereals, is considered 
third most important cereal crop after wheat and rice in the world. India ranks 
fourth in terms of the maize growing country in the world with 9.4 million ha area, 
24.26 million tonnes of production and average productivity of 2.57 t/ha [15]. It 
contributes to more than half of the coarse cereal production of the country and 
widely used as a dual purpose crop for animal feed as well as industrial raw 
material in the developed countries, whereas, in the developing countries it is 
used as a general feed for human being. In concern to the Indian agricultural 
scenario, the growth in maize area and production was steady since 1950 but the 
growth rate in both area and production of maize was unprecedented in the 
country during the last ten years due to adoption of improved production 
technologies, varieties/hybrids as well as expansion in non-traditional areas/states 
like Andhra Pradesh, Karnataka, Maharashtra and Tamil Nadu, etc. [64]. With the 
development of high yielding varieties and hybrids in maize, which are competitive 
to rice with respect to farm profitability and the resource-use efficiency under 
diverse soils and climatic conditions, maize-wheat cropping system is gaining 
importance in indo-gangetic plains. Maize-wheat cropping system has emerged as 
a potential system, covering an area of 1.13 million hectares and contributes 
about 2.25% to national the food grain production [63]. 
The fundamental principal for all agro-technologies is to maximize the yield by 
utilizing the soil and other natural resources without making a negative impact on

 
the environment. In this aspect, Conservation Agriculture (CA) focuses on 
achieving a proper equilibrium of agricultural, economic and environmental 
benefits [5]. Introduction of CA was a concept to achieve sustainable and 
profitable farming and consequently aiming to enhanced livelihoods of farmers 
through integrated management of soil, water and biological resources along with 
externally applied inputs [13]. 
 
Effect of Conservation Tillage on 
Growth parameters and yield attributes 
The growth and yield attributes of any crop are influenced by many above and 
below ground factors and a combination of good condition results in better yield. 
Results of various on-farm participatory trials suggested little or no difference in 
growth and yield attributes of zero-till (ZT) planted maize compared to 
conventional tillage (CT) planted maize [19]. Likewise, [1, 49] reported that all the 
growth parameters (plant height, dry matter and leaf area index (LAI) and yield 
attributes (cobs/plant, grains/cob and test weight) of maize were not significantly 
influenced by long-term effect of tillage practices, which means these attributes 
are more genetically governed and needs other practices like genetic/breeding 
approaches, etc for their manipulation.  
Beside above disused negative or no effect of conservation tillage practices, 
several studies also reported positive impact of these practices on the maize 
growth and phonological parameters. Permanent Bed planting helped in increased 
aeration of the root zone and assured plant stand by the increasing emergence, 

  

International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 39, 2016, pp.-1802-1805. 

Available online at http://www.bioinfopublication.org/jouarchive.php?opt=&jouid=BPJ0000217 

Abstract- Tillage is one of the basic agro-technical operations in agriculture because of its influence on soil properties, environment and crop growth. Since, continuo us 
soil tillage strongly influences the soil physico-chemical and biological environment, hence, it is important to follow appropriate tillage practices that avoid the 
degradation of soil structure, maintain crop yield as well as ecosystem stability.  Conventional mode of tillage associated with soil compaction, reduced soil organic 
matter and soil microbial diversity. Repeated tillage leads to sub-soil compaction, which is associated with the reduced beneficial use of water and nutrient recovery by 
crop plants. Recently, conservation agriculture (CA) based crop management practices involving lesser soil  disturbance, soil cover and cost-effective cropping 
sequences found to be useful in lowering the production cost besides providing environmental services in terms of lower carbo n emission and improved soil health.  So, 
there is a need for adoption of the conservation agriculture in India for harnessing crop production profitability and making soil more productive with more envi ronmental 
and social benefits. The literature about the performance of maize (Zea mays L.) under conservation tillage practices viz. zero tillage, permanent bed planting and 
reduced tillage are reviewed in this paper. 
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particularly in crusting type soils, which resulted in higher growth, and yield 
attributes of maize as compared to CT [37, 45]. 
Long term application of conservation tillage practices resulted into higher values 
of plant height, dry matter accumulation, LAI, crop growth rate (CGR) and relative 
growth rate (RGR) under permanent bed with legume residue than no-residue and 
this might be due to better soil health and micro-environment created by the 
continuous adoption of these resources conserving practice [36,48, 58].  
 
Crop yield 
Considering, the physical soil environment is very important to understand the 
yield variation due to its variable effect plant growth. The physical environment is 
the output of the collective effects of soil structure, texture and consistence. 
Tillage is aimed at producing good soil tilth. The impacts of CA on crop yield can 
be uneven [11]. In a long term field trial 16% yield reduction was found in crop 
yield from no tillage (NT) planted against deep CT maize crop [27, 43]. Similarly, 
lower grain and stover yield of maize under ZT maize compare to CT planted 
maize were reported at New Delhi [53]. The yield reduction in ZT had been 
explained by more weed infestation under ZT maize environment. Further, in 
another study author reported that under ZT mean decrease in grain and stover 
yield was 6.8-20% 12.1% and 5.9-17.1% as compared to CT [54, 60]. 
Contrast to the above studies, conservation tillage practices residue had 14-19% 
higher grain yield of maize under maize-wheat cropping system as compared to 
conventional tillage [52]. In another study author reported that farmers of the 
Yaqui Valley obtained 8% higher yields of maize at 15% less operational costs 
from permanent bed planting as compared to conventionally flat systems of crop 
growing [3]. Likewise, the author reported that ZT planting maize better performed 
over to CT in sandy loam soil in terms of yield and productivity [56]. After a long 
term tillage based study author suggested that the corn yield in Texas responded 
positively to planting a corn row either on permanent bed or a conservational 
tillage system [59]. Similarly, from a field experiment conducted at Ludhiana 
(India), found about 25% higher grain yield with a permanent bed planting of 
maize than flat sowing [28]. The highest, yield in bed planting with the bed was 
due to increased number of cobs per plant and more grains per cob than flat 
sowing. 
 
Nutrient uptake  
Tillage practices affect the nutrient uptake maize through changes in soil basic 
physical properties i.e. aeration, hydraulic conductivity, bulk density and total pore 
space as well as by its effect on root growth and its configuration. In most cases, 
nutrient uptake is reduced by soil compaction [33]. Results of a tillage and nutrient 
management based experiment showed that the nutrient concentration of maize 
under ZT were significantly lower than CT [52]. Further author found that there 
was no significant difference of macronutrient concentration in wheat-maize 
cropping system across different tillage management practices however, the 
concentration of these nutrients were found slightly higher in ZT compared to CT 
[32].  
Contrast to the above studies, [20] found that no tillage resulted in a redistribution 
and concentration of soil nutrients at the soil surface, compared with CT which 
resulted in higher uptake of the nutrient former tillage system. Likewise, [40] found 
that nitrogen and P uptake were significantly higher in the permanent bed planted 
maize than CT but there was no significant difference for K uptake across the 
tillage practices. In another study author also observed that the total N uptake was 
73.68% higher in ZT planted than the CT planted maize [2].  No significant change 
recorded in N concentration of maize stover and grain, however, both zero tillage 
and permanent bed planting had a significant effect on P concentration in stover 
[4].  
 
Grain quality  
Protein content 
Chemical composition and grain quality of crops is influenced by various tillage 
systems and management practices and mineral elements in grain also depend 
on the type and composition of soil as well as on crop location [6]. Various tillage 
practices did not significantly influence the protein and starch content in maize 

grains, but higher protein content was observed in CT as compared to ZT [5, 34, 
21].  
In contrast, some researchers reported that under a long term tillage experiment in 
maize significantly higher protein content in ZT compared to CT which might be 
due to decomposition of the residue in the later stage of maize growth period [39, 
50]. An increase in nitrogen content in the grain significantly increases the grain 
protein content of maize when it was planted in ZT over CT [46]. 
 
Zn and Fe content 
Tillage system did not significantly affect the micronutrient content of maize, but 
higher content was found in ZT compared to CT plots [14]. Similar results of no 
difference between zero and traditional cultivation in terms of the micronutrient 
concentration in grain of corn were observed by [35]. The probable cause of these 
differences under CA practices might be due to better root development, 
increased forage area for nutrient extraction and higher content of Fe and Zn in 
the soil of the ZT than on those with the CT [8, 47] under ZT. ZT system increased 
contents of total ash, Zn and Fe in maize and wheat over CT planting [62].  
Contrast to above [34] also reported higher amount of Zn and Fe under CT 
compared to ZT planted maize in maize –wheat-cropping system. The CT system 
increased Zn and Fe content of grain compared to RT and ZT, which resulted from 
higher concentration of both of the nutrient in the soil under CT due to residue 
incorporation, which in turn positively correlated with the concentration of these 
two elements in wheat grain. 
 
Input use efficiency 
Energy relation 
Agriculture productivity is closely linked and positively correlated with the energy 
inputs. Sustainable energy management is one of the key components for 
maintaining the soil productivity and these can be achieved via., efficient use of 
commercial energies, and secondly harnessing substituting commercial energy 
sources with renewable energy sources [61]. The direct energy inputs for 
agriculture production generated from various operations performed by human, 
animals, electricity, fuel engines, and farm machineries etc. as well as indirect 
energy inputs (seeds, fertilizers, manures, pesticides and growth regulators, etc).  
[24, 42] reported that system productivity in term of maize equivalent yield was 
influenced significantly due to different tillage practices and the permanent bed 
planting resulted into maximum system productivity during both of year of 
investigation compare to ZT and CT. Establishment of maize through ZT resulted 
in maximum energy output, energy productivity and net energy over CT in 
diversified maize based cropping systems [41]. The ZT practices reduce the 
energy requirement due to the saving of energy in tillage practices as well as in 
weeding operations than CT practices [23]. Establishment of maize through 
conservation tillage based ZT reported significantly more energy-use efficiency 
and energy productivity than CT [18]. However, [49] found minimum input energy 
and energy output/input ratio (13.82) in PB treatment, while energy output (3, 
92,035 MJ/ha/year) was highest in NT + straw in maize–wheat cropping system.  
Primary tillage before planting which required about one-third (936 MJ/ha) of the 
total operational energy (2795 MJ/ha) could omit without compromising the yield 
with ZT (4.85 t/ha) compared to CT (4.94 t/ha) [55]. The important significance of 
CA was to reduce the greenhouse gas emissions, which mainly associated with 
tillage operations [16]. Author conducted an experiment on rice–wheat systems in 
the Indo-Gangetic Plains and reported the farmer saved 15–60 l/ha diesel for land 
preparation with the adoption of ZT [10]. Adoption of conservation tillage in 
soybean and cotton crops has reduced energy consumption and has led to 
reduced soil and water erosion [25]. 
 
Water productivity  
Conservation tillage universally recognized for improving water storage capacity 
as well as water use productivity. It has significant role not only in arid and semi-
arid zones [30] but also heavy rainfall areas positively influenced. [7], the crop 
residues had prime importance to optimum growth environment for plant 
development and enhancing water productivity. Growing maize-wheat in 
sequence under rainfed condition and field should be ploughed immediately after 
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harvesting of maize and covered with maize straw mulch @ 5 t/ha up to wheat 
sowing to reduce the evaporation losses and soil water storage for the succeeding 
wheat crop [51]. This practice improves the soil moisture conservation, efficiency 
about 3 times higher than control treatments (maize harvesting at 30 cm height 
and tillage at the time of wheat showing). It has been estimated that an additional 
23 kg/ha wheat grain yield can be achieved per mm of conserved moisture. In 
semi- arid region of China reported that straw incorporation significantly increased 
water productivity of maize [60]. 
Establishment of maize through ZT resulted in maximum water productivity over 
CT in diversified maize based cropping systems in the Indo-Gangetic plain (IGP) 
[41]. In rice-wheat systems practiced with ZT is saved the irrigation water up to 20-
35% in the wheat crop compared CT, and reducing water usage by approximately 
one million liter/ha [19, 22]. The savings arise because ZT wheat can be sown just 
after the rice harvest, making use of the residual moisture for wheat germination, 
potentially saving a pre-sowing irrigation, and because irrigation water advances 
faster in untilled soil than in tilled soil [10]. Similarly, higher WUE was also 
reported in the NT and with bed planting [28, 49]. Pre-planting, tillage was 
unnecessary in addition; high residue rates under NT were not converted into 
higher water use by wheat [38]. The ZT combined with crop residue retention on 
the soil surface greatly reduces erosion and enhances water-use efficiency 
compared to CT [26]. 
 
Economics 
Tillage practices contribute greatly to the labour cost in any crop production 
system resulting in lower economic returns and economic outcomes of CA are 
likely to be specific to particular people, places and situations [17]. This is due to 
heterogeneity between regions and between farms in a region and heterogeneity 
in institutional factors such as farm sizes, risk attitudes, interest rates, access to 
markets (for inputs and outputs), farming systems, resource endowments and 
farm management skills, driving differences in benefits and costs of CA [12, 57]. 
Low labour, animal or equipment requirements are major advantages of 
conservation tillage because it allows elimination of several operations. The use of 
ZT significantly reduces energy costs, mainly by reducing tractor operational costs 
associated with conventional methods [9, 31]. 
From a tillage based experiment author reported that highest maize yield were 
noticed in PB planting compared to ZT and CT similar trend were also observed in 
wheat when it is sown followed by maize in maize-wheat-mung bean cropping 
system which in turn resulted into the highest net return as well as benefit cost 
ratio [41]. Likewise, [29] from Nepal reported that tillage and residue had no 
significant effect on B: C ratio. However, higher B:C ratio was obtained from ZT 
(2.42) as compared to CT (2.20) which indicates that ZT is more profitable. The 
higher B C ratio from ZT was due to the lower cost of production and higher gross 
return. Further,  higher net returns obtained in ZT than CT and at the same time 
intercropping of maize and soybean in 2:2 ratio recorded maximum benefit and 
maize grain yield equivalent as well as the land equivalent ratio than sole and 
intercropping treatments [44]. Author reviewed a several studies of the economics 
of zero tillage in the Indo-Gangetic Plains. They found that due to site specificity 
and methodological differences the profitability of the various studies is sometimes 
complicated [10]. Nevertheless, the results consistently showed benefits-both cost 
savings and increased yields. On average, slightly more than half of the benefits 
were due to cost savings and slightly less than half were due to yield increases 
The CA-based tillage and establishment options have significant advantages in 
terms of reduced production cost and labour use, and increased net returns for 
maize in rice-maize cropping system. The ZT technology proved to be a wise 
choice as it was reported to be economical as well as ecologically viable as 
compared with CT due to saving in labour, fuel, repair and machinery overhead 
charges and less emission of greenhouse gases [54]. Net return from maize and 
wheat crops and system as a whole was more under NT compared to furrow 
irrigated raised bed (FIRB) and CT [24]. The extent of net return from maize-wheat 
cropping system under NT was 30 and 322 US$/ha more over FIRB and CT, 
respectively. This indicates that maize-wheat cultivation under NT has been more 
economical.  
 

Conclusions 
Maize crop is an integral part of cereal based cropping systems. The productivity 
of the system as a whole and maize crop in particular, along with improvement in 
ecology of a system, conservation agriculture practices will help a lot. From the 
present review, it can be concluded that the maize crop under conservation 
agriculture based ZT and permanent bed planting of maize under diversified 
cropping sequences practices showed positive impact on crop growth, yield 
attributes, yields, profitability, efficient nutrient use and quality and in the long 
term, however, some researcher stated that the short term impact of conservation 
agriculture practices may not be always positive. 
 
Conflict of Interest: None declared 
 
References 
[1] Afzalinia S. and Zabihi J. (2013) Soil and Tillage Research, 137, 1-6. 
[2] Alam M.K., Islam M.M., Salahin N. and Hasanuzzaman M. (2014) The 

Scientific World Journal, 10, 40-55. 
[3] Aquino P. (1998) Wheat Special Report No. 17A, CIMMYT, Mexico, pp, 37-

38. 
[4] Astier M., Maass J.M., Etchevers, J.D., Pena J.J. and Gonzalez F. (2006) 

Soil and Tillage Research, 88, 153–159. 
[5] Bunderson W.T., Eash N.S. and Rusinamhodzi L. (2013) Field Crops 

Research, 142, 47–57. 
[6] Cubadda R., Fabriani G. and Tranquilli G.B. (1969) Food Science and 

Technology, 20, 253-263. 
[7] Das A., Ramkrushna G.I., Choudhury B.U., Ngachan S.V., Tripathi A.K. 

Singh R.K., Patel D.P., Tomar J.M.S., Mahapatra K.P. and Munda G.C. 
(2014) Indian Journal of Soil Conservation, 42(2), 196-203. 

[8] De Santiago A., Quintero J.M. and Delgado A. (2008) Soil and Tillage 
Research, 98, 200-207. 

[9] Erenstein O. and Farooq U. (2009) Experimental Agriculture, 45, 133–147. 
[10] Erenstein O. and Laxmi, V. (2008) Soil and Tillage Research, 100, 1–14. 
[11] Farooq M., Flower K.C., Jabran K., Wahid A. and Siddique K.H.M. (2011) 

Soil and Tillage Research, 117, 172–183. 
[12] Gathala M. K., Jagadish M. S., Rahman M.M., Hossain M.I., Harun M., 

Ghosh A.K., Krupnik T.J., Tiwari T.P. and McDonald A. (2015) Field Crops 
Research, 172, 85-98. 

[13] Giller K.E., Witter E., Corbeels M. and Tittonell P. (2009) Field Crops 
Research, 114, 23-34. 

[14] Glubiak E.S. and Korzeniowska J. (2011) Polish Journal of Agronomy, 4, 
29–32. 

[15] GOI. (2014) Agricultural Statisticsat a Glance.  
[16] Govaerts B., Verhulst N., Castellanos-Navarrete A., Sayre K.D., Dixon J. 

and Dendooven L. (2009) Plant Science, 28, 97–122. 
[17] Gowing J.W. and Palmer M. (2008) Soil Use Management, 24, 92-99. 
[18] Gupta M., Bali A.S., Sharma B.C., Kachroo D. and Rajeev B. (2007) Indian 

Journal of Agronomy, 52(2), 127–130 
[19] Gupta R.K., Fernando G.C., Paliwal S., Parbhakar S.V.K.R. and Srivastava 

A. (2002) In: Proceedings of the eighth Asian Regional Maize Workshop. 5–
8 August, Bangkok, Thailand, Pp, 205–213. 

[20] Hargrove W. (1985) American Society of Agronomy, 77(5), 763-768. 
[21] Hassan A., Zamir M.S., Khan I., Anjum S.A., Mahmood A., Ahmed A.H. and 

Mahmood F. (2014) International Journal of Agronomy and Agricultural 
Research, 4(3), 67-76. 

[22] Hobbs P.R. and Gupta R.K. (2003) In: Water Productivity in Agriculture: 
Limits and Opportunities for Improvement. Kijne, J.W., Barker, R. and 
Molden, D. (Eds.). CAB International, Wallingford, UK, Pp, 239–253. 

[23] Jain N., Jain V., Mishra J.S. and. Kewat M.L. (2007) Indian Journal of 
Agricultural science, 77(3), 174–176. 

[24] Jat S.L., Parrihar C.M., Sing A.K, Jat M.L. and Jat R.K. (2014) In: Abstracts 
of 12th Asian Conference and Expert Consultation on Maize for Food, Feed, 
Nutrition and Environment  



International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 39, 2016 

 || Bioinfo Publications || 1805 

 

Performance of Maize under Conservation Tillage – A Review 

 
[25] Jerry Nelson C. (2007) Journal of Crop Improvement, 19(1), 1-24. 
[26] Johnston A.M., Clayton G.W., Wall P.C. and Sayre K.D. (2002) Paper 

Presented in the International Conference on Environmentally Sustainable 
Agriculture for Dry Areas for the Second Millennium. 15–19 September, 
Shijiazhuang, Hebei Province, China. 

[27] Kaskarbayev Z., Kireyev A., Suleimenov M. and Skoblikov V. (2002) In: 
Proceedings of International Symposium on Conservation Agriculture for 
Sustainable Wheat Production in Rotation with Cotton in Limited Water 
Resource Area. 14–18 October,  Tashkent, Uzbekistan, Pp, 22–23. 

[28] Kaur T. and Mahey R.K. (2005) Indian Journal of Environment and 
Ecoplanning, 10(4), 373–376. 

[29] Khatri N., Dahal K.R., Amgain L.P. and Karki T.B. (2014) World Journal of 
Agricultural Research, 2, 6-12 

[30] Lampurlanes J. and Cantero-Martinez C. (2006) Agronomy Journal, 95, 
526–536. 

[31] Landers J.N., Saturino H.M. and De Freitas P.L. (2001) In: The 
Environment and Zero Tillage. Saturnino, H.M.and Landers, J.N. (Eds.). 
Agricultural Support Systems Division, Food andAgriculture Organization, 
Rome, Italy, Pp, 13–24. 

[32] Lavado R.S., Porcelli C.A. and Alvarez R. (2001) Soil and Tillage Research, 
62, 55-60. 

[33] Lipiec J. and Stcpniewski W. (1995) Soil & Tillage Research, 35, 37, 52.  
[34] Lo´pez-Bellido L., Fuentes M., Castillo J.E. and Garrido F.J., (1998) Field 

Crops Research, 57, 265, 276. 
[35] Mehdi B.B., Madramootoo C.A. and Mehuys G.R. (1999) Agronomy 

Journal, 91: 631-636. 
[36] Memon S.Q., Nadeem Amjad Mirjat M S., Mughal A.Q., Ibupoto K.A., 

Kalwar S.A., Mirani A.A. and Saeed, M.A. (2014) Pakistan Journal of 
Agricultural Research, 27(1), 41-50. 

[37] Morrison J.E., Gerik T.J., Chichester F.W., Martin J.R. and Chandier J.M. 
(1990) Journal of Production Agriculture, 3, 219–227. 

[38] Mrabet R. (2002) Experimental Agriculture, 38, 237–248. 
[39] Najafinezhad H., Ali M., Gheibi M. and Rostami M.A. (2007) Journal of 

Agriculture & Social Sciences, 3(3), 87-90. 
[40] Naresh R.K., Rathore R.S., Kumar P., Singh S.P., Singh A. and Shahi U.P. 

(2014) The Indian Journal of Agricultural Sciences, 84(6), 105-109. 
[41] Parihar C.M., Jat S.L., Singh A.K. and Jat M.L. (2011) In: Abstracts of 5th 

world congress on conservation agriculture, incorporating the 3rd farming 
system design conference held at Brisbane, Australia from 26th to 29th Sept. 
Page, 144-145. 

[42] Parihar C.M., Jat S.L., Singh A.K., Jat M.L., Sharma S. and Singh, L.K. 
(2012) In: A compendium of abstract of papers of International conference 
on climate change, sustainable agriculture & public leadership held at 
NASC, New Delhi from 7-9th Feb. Page: 67. 

[43] Patil S.G., Ranjith T.H., Madhu B.M. and Raghavendra S. (2014) 
Environment and Ecology, 32(4), 1670-1672. 

[44] Paudel B., Karki T., Shah S.C. and Chaudhary N.K. (2015) World Journal of 
Agricultural Research, 3, 74-77. 

[45] Potter K.N., Morrison J.E. and Torbent H.A. (1996) Journal of Production 
Agriculture, 9, 385–390. 

[46] Rafiq M.A., Ali A., Malik M.A. and Hussain M. (2010) Pakistan Journal of 
Agricultural Sciences, 47(3), 201-208. 

[47] Rahman M.H., Okubo A., Sugiyama S. and Mayland H.F. (2008) Soil 
&Tillage Research, 101, 10-19. 

[48] Ram H. 2006. Ph.D. Thesis, Punjab Agricultural University, Ludiana, 
Punjab, India. 

[49] Ram H., Kler D.S., Singh Y. and Kumar K. (2010) Indian Journal of 
Agronomy, 55(3), 185-190. 

[50] Sessiz A., Alp A. and Gursoy S. (2010) Bulgarian Journal of Agricultural 
Science, 16(5), 597-608. 

[51] Sharma N.K., Ghosh B.N., Khola O.P.S. and Dubey R.K. (2013) Indian 
Journal of Soil Conservation, 41(3), 287-292.  

[52] Sime G., Aune J.B. and Mohammed H. (2015) Soil and Tillage Research, 

148, 20-30.  
[53] Singh C., Singh P. and Singh R. (2007) Modern Techniques of Raising 

Field Crops. Oxford and IBH Publishing Co. Pvt., New Delhi, pp.70. 
[54] Singh R., Sharma A,R., Dhayani S.K. and Dube R.K. (2011) Indian Journal 

of Agricultural Sciences, 81(4), 330–335 
[55] Srivastava A.C. (2003) Applied Engineering in Agriculture, 19(1), 40–45. 
[56] Srivastava A.C., Jat M.L., Zaidi P.H., Rai H.K., Gupta R.K., Sharma S.K. 

and Srinivasan G. (2005) In: Proceeding of 9th Asian Regional Maize 
Workshop. 5–9 September, Beijing, China, pp. 25–26  

[57] Tittonell P., Vanlauwe B., Leffelaar P.A., Rowe E.C. and Giller K.E. (2005) 
Agriculture, Ecosystems and Environment, 110, 149–165. 

[58] Tolk  J.A., Howell T.A. and Evett S.R. (1999) Soil and Tillage Research, 50, 
137–147. 

[59] Torbert H.A., Poter K.N. and Morrison J.E. (2001) Agronomy Journal, 93, 
119–124. 

[60] Wang X., Zhikuan J. and Lianyou L. (2015) Soil and Tillage Research, 153, 
36–41. 

[61] West T.O. and Post W.M. (2002) Soil Science Society of America Journal, 
66, 1930–1946. 

[62] Woźniak A. and Makarski B. (2012) Romanian Agricultural Research, 17(3), 
517-523. 

[63] Yadav R.L. and Subba Rao A.V.M. (2001) In: PDCSR Bulletin No. 2001-2. 
Project Directorate for Cropping Systems Research, Modipuram, Meerut, 
India, Pp, 96. 

[64] Yadav V.K., Jat S.L. and Singh K.P. (2014) Popular Kheti, 2(4), 26-28. 
 


