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Foreword 
 
The research Activity “Improvement of water productivity and adaptation to climate 

change through the development of integrated inputs (water and nitrogen) management 

options” was launched in 2015, and implemented by ICARDA in Morocco, in the frame of 

the Project titled “Sustainability and Operationalization of Established Regional 

Agricultural Research Centers in Five Arab Countries”, which was granted by the Arab 

Fund for Economic & Social Development (AFESD).  

Under this research Activity an experiment was started in 2016/2017 at Merchouch 

station (Morocco), addressing the response of different genotypes of Bread Wheat to no 

tillage.  

This study, titled “Response of bread wheat genotypes to no tillage: no tillage treatment 

effects on soil physical health”, is linked to that experiment. The study is aimed at 

exploring methods to assess tillage impact on soil physics by means of a literature review 

and of targeted field tests. This report summarizes the results of the literature review. 

 
 
Activity Leader: Claudio Zucca 

Cooperating Scientists: Vinay Nangia, Gianni Montanaro, Afaf Belabhir 
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1. Introduction 
 

During the last decades Conservation Agriculture (CA) has been the subject of a huge 

body of research. The effects of conservative practices such as no tillage (NT) on the soil 

have been investigated and compared to conventional tillage (CT) under various 

conditions. NT systems are known to result in significant changes in soil properties, 

especially in the topsoil layers, favorably affecting physical soil properties. However, most 

of the research has been conducted under temperate and humid climatic conditions, and 

in Western countries. Relatively few studies have been performed in dryland. Here, 

further and more specific research is needed to understand the potential of NT practices 

under dry climatic conditions and on peculiar soils such as the Vertisols. The experiments 

launched by IWLM at the Merchouch research station, on a semi-arid Vertisol, constitute 

an opportunity for targeted research on the subject.  

The impact of CA practices on soil physical properties has already been the subject of 

several review articles and metadata analyses. However, it is recognized that the 

understanding of CA effects on some soil properties still escape univocal interpretation, 

as shown by the contrasting patterns sometimes reported by different articles, or by the 

different conclusions achieved by different metadata analyses. This is partly due to the 

wide range of conditions (notably climate, soil, and tillage practices considered) under 

which the CA research is conducted in the world. Not always this diversity is duly 

considered and used to interpret the results obtained. Furthermore, these conditions are 

not always described and documented by the individual articles, making it impossible to 

properly contextualize the results obtained, to compare them with those obtained in 

other sites.  

In our review we tried to overcome the limitations mentioned above, by stratifying our 

search by geographic region and climate, and by specific soil type (discarding articles that 

don’t provide such information) and by targeting crops and farming systems that are of 

greater relevance to the ICARDA mandated regions. We also took the previous review 

articles into consideration to achieve greater completeness. 

 

1. Schematic outline of the review topics 
 

The review considered the following soil physical properties: 

• Bulk Density 

• Resistance to penetration  

• Wet or dry aggregate stability 

• Surface roughness 

• Infiltration 

• Water retention and porosity 
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• Macroporosity 

• Soil water content 

• Saturated hydraulic conductivity (Ks) 

 

Finally, to support interpretation of results, the following chemical and biologic 

properties were noted and considered when reported by the articles: 

• Soil organic carbon 

• Total Nitrogen  

• Nutrient stratification  

• N&C mineralization  

• Root length density 

 

Typically, research articles only target some or few of the above properties, with some of 

them being more frequent and more uniformly treated (e.g., BD), and other being less 

frequent, or measured through a variety of methods. 

 

2. Selected references 
 

The peer reviewed international journal articles selected for our literature review are 

listed below. 

 

Review and metadata analysis articles 

 

 Alvarez R., Steinbach H.S., 2009. A review of the effects of tillage systems on some soil 

physical properties, water content, nitrate availability and crops yield in the Argentine 

Pampas. Soil & Tillage Research 104, 1–15. 

 

 Brunel N., Seguel O., Acevedo E., 2013. Conservation tillage and water availability for 

wheat in the dryland of central Chile. Journal of Soil Science and Plant Nutrition 13, 622-

637. 

 

 Busari M.A., Kukal S.S., Kaur A., Bhatt R., Dulazi A.A., 2015. Conservation tillage impacts 

on soil, crop and the environment. International Soil and Water Conservation Research 

3, 119–129 
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 Fengyun Z., Pute W., Xining Z., Xuefeng C., 2011. The effects of no-tillage practice on soil 

physical properties. African Journal of Biotechnology 10, 17645-17650. 
 

 Haddaway N.R., Hedlund K., Jackson L. E., Kätterer T., Lugato E., Thomsen I.K., Jørgensen 

H. B., Isberg P., 2016. How does tillage intensity affect soil organic carbon ? A systematic 

review protocol. Environ Evid 5:1.  

 

 Hamza M.A., Anderson W.K., 2005. Soil compaction in cropping systems: A review of the 

nature, causes and possible solutions. Soil & Tillage Research 82, 121-145. 

 

 Indoria A.K., Rao C.S., Sharma K.L., Reddy K.S., 2017. Conservation agriculture – a panacea 
to improve soil physical health. Current Science 112. 
 

 Khatab A., Pauline C., Philippe C., Vincent C., 2016. No-tillage lessens soil CO2 emissions 
the most under arid and sandy soil conditions: results from a meta-analysis. 
Biogeosciences 13, 3619-3633. 
 

 Luoa Z., Wangb E., Sunc O.J., 2010. Can no-tillage stimulate carbon sequestration in 

agricultural soils? A meta-analysis of paired experiments. Agriculture, Ecosystems and 

Environment 139, 224–231.  

 

 Manley J., Kooten G.C.V., Moeltner V., Johnson D.W., 2005. Creating carbon offsets in 

agriculture through no-till cultivation: A meta-analysis of costs and carbon benefits. 

Climatic Change 68, 41–65. 

 

 Pittelkow C.M., Linquist B.A., Lundy M.E., Liangb X., Groenigen K.J.V., Lee J., Gestel N.V., 

Six J., Venterea R.T., Kessela C.V., 2015. When does no-till yield more? A global meta-

analysis. Field Crops Research 183, 156–168. 

 

 Soane B., Ball B.C., Arvidsson J., Basch G., Moreno F., Roger-Estrade J., 2014. No-till in 

northern, western and south Western Europe: A review of problems and opportunities 

for crop production and the environment. Soil and Tillage Research 118, 66-87. 

 

 Spurgeon D. J., Keith A. M., Schmidt O. Lammertsma D.R., Faber J.H., 2013. Land-use and 

land-management change: relationships with earthworm and fungi communities and soil 

structural properties. BMC Ecology 13, 46. 

 

 Strudley M.W., Green T.R., Ascough J.C., 2008. Tillage effects on soil hydraulic properties 

in space and time: State of the science. Soil & Tillage Research 99, 4–48.  

 

 Sun Y., Zeng Y., Shi Q., Pan X., Huang S., 2015. No-tillage controls on runoff: A meta-

analysis. Soil and Tillage Research 153, 1-6.  
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 USDA (United States Department of Agriculture), 2015. Soil health literature summary: 

Effects of conservation practices on soil properties in areas of cropland. 

https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=stelprdb125775

7&ext=pdf 

 

Articles on research conducted under varying climatic and geographic conditions 

 

 Asgari H.R., 2014. Effect of Agronomic Practices on the Aggregate Stability and Organic 

Carbon of soil (Case study: the Northern of Aq Qala). Environmental Resources Research 

2, 95-106. 

 

 Aziz I., Mahmood T., Islam K.R., 2013. Effect of long-term no-till and conventional tillage 

practices on soil quality. Soil & Tillage Research 131, 28–35.  

 

 Brunel-Saldias N., Martínez I., Seguel O., Ovalle C., Acevedo E., 2016. Structural 

characterization of a compacted alfisol under different tillage systems. Journal of Soil 

Science and Plant Nutrition 16, 689-701. 

 

 De Moraes M.T., Debiasi H., Carlesso R. Franchini J.C., da Silva V.R. da Luz F.B., 2016. Soil 

physical quality on tillage and cropping systems after two decades in the subtropical 

region of Brazil. Soil and Tillage Research 155, 351-362. Doi: 10.1016/j.urpr.2015.07.015. 

 

 Devine S., Markewitz D., Hendrix P., Coleman D., 2014. Soil Aggregates and Associated 

Organic Matter under Conventional Tillage, No-Tillage, and Forest Succession after Three 

Decades. Plos One 9, e84988. 

 

 Eerd L.L.V., Congreves K.A, Hayes A., Verhallen A., Hooker D.C., 2014. Long-term tillage 

and crop rotation effects on soil quality, organic carbon, and total nitrogen. Canadian 

Journal of Soil Science 94, 303-315. Doi: 10.4141/CJSS2013-093. 

 

 Fabrizzi K.P., Garcıá F.O., Costa J.L., Picone L.I., 2015. Soil water dynamics, physical 

properties and corn and wheat responses to minimum and no-tillage systems in the 

southern Pampas of Argentina. Soil and Tillage Research, 57–69. 

 

 Govaerts B., Fuentes M., Mezzalama M., Nicol J.M., Deckers J., Etchevers J.D., Figueroa-

Sandoval B., Sayre K.D., 2007. Infiltration, soil moisture, root rot and nematode 

populations after 12 years of different tillage, residue and crop rotation managements. 

Soil & Tillage Research 94, 209–219. doi:10.1016/j.still.2006.07.013. 

 

https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=stelprdb1257757&ext=pdf
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=stelprdb1257757&ext=pdf
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 He J., Wang Q., Li H., Tullberg J.N., McHugh A.D., Bai Y., Zhang X., McLaughlin N., Gao H., 

2009. Soil physical properties and infiltration afterlong‐term no‐tillage and ploughing on 

the Chinese Loess Plateau. New Zealand Journal of Crop and Horticultural Science 37, 

157-166. Doi: 10.1080/01140670909510261. 

 

 Hernández T.D.B., 2015. Assessment of Effects of Long Term Tillage Practices on Soil 

Properties in Ohio. Thesis. 

 

 Jabro J., Sainju U.M., Lenssen A.W., Stevens W.B., Evans R.G., 2009. Long-term tillage 

influences on soil physical properties under dryland conditions in northeastern Montana. 

Archives of Agronomy and Soil Science 55, 633-640. DOI: 10.1080/03650340902804316. 

 

 Ji1 B., Zhao Y., Mu X., Liu K., Li C., 2013. Farm Effects of tillage on soil physical properties 

and root growth of maize in loam and clay in central China. Journal of plant and environ 

59, 295–302.  

 

 Kargas G., Kerkides P., Poulovassilis A., 2012. Infiltration of rainwater in semi-arid areas 

under three land surface treatments. Soil and Tillage Research 120, 15–24. 

 

 Kheyrodin H., Antoun H., 2008.  Long – Term Tillage and Manure Effect on Soil Physical 

and Chemical Properties and Carbon and Nitrogen Mineralization Potentials. Iran 

Agricultural Research 25, 1-14.   

 

 Li L.L., Huang G.B., Zhang R.Z., Jin X.J., Li G.D., Chan K.Y.,2005. Effects of conservation 

tillage on soil water regimes in rainfed areas. Acta Ecologica Sinica 25, 2326-2332. 

 

 Malecka I., Blecharczuk A., Sawinska Z., Dobrzeniecki T., 2012. Th e eff ect of various long-

term tillage systems on soil properties and spring barley yield. Turkish Journal of 

Agriculture and Forestry36, 217-226. Doi: 10.3906/tar-1104-20. 

 

 Martínez E., Fuentes J.P., Silva P., Valle S., Acevedo E., 2008. Soil physical properties and 

wheat root growth as affected by no-tillage and conventional tillage systems in a 

Mediterranean environment of Chile. Soil & Tillage Research 99, 232–244. 

doi:10.1016/j.still.2008.02.001.  

 

 McVay KA., Budde J.A., Fabrizzi K., Mikha M.M., Rice C.W., Schlegel A.J., Peterson D.E., 

Sweeney D.W., Thompson C., 2006. Management Effects on Soil Physical Properties in 

Long-Term Tillage Studies in Kansas. Soil Science Society of America Journal 70, 434-438. 

doi:10.2136/sssaj2005.0249. 
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 Meijer A.D., 2015. Long-term Tillage Effects on Soil Physical Properties in the NC 

Piedmont. Soil Science Society of North Carolina. Presentation. sssnc.org/annual-

meetings/proceedings/2015/Soil.Fertiility/A.Meijer.pdf. 

 

 Panachuki, E. Bertol I., Sobrinho T.A., Oliveira P.T.S., Rodrigues D.B.B., 2015. ffect of Soil 

Tillage and Plant Residue on Surface Roughness of an Oxisol Under Simulated Rain. 

Revista Brasileira de Ciência do Solo 39, 268-278. Doi: 10.1590/01000683rbcs20150187. 

 

 Presley D.R., Sindelar A.J., Buckley M.E., Mengel D.B., 2012. Long-term nitrogen and 

tillage effects on soil physical properties under continuous grain sorghum. Agronomy 

journal 104, 749-755. Doi:10.2134/agronj2011.0311. 

 

 Santi A.L., Damian J.M., Cherubin M.R., Amado T.J.C., Eitelwein M.T., Vian A.L., Herrera 

W.F.B., 2016. Soil physical and hydraulic changes in different yielding zones under no-

tillage in Brazil. African Journal of Agricultural Research 11, 1326-1335. 

10.5897/AJAR2015-10643. 

 

 Veiga M., Reinert D.J., Reichert J.M., Kaiser D.R., 2008. Short and long-term effects of 

tillage systems and nutrient sources on soil physical properties of a southern Brazilian 

Hapludox. Revista Brasileira de Ciência do Solo 32, 1437-1446. 

 

 Mohammad W., Shah S.M., Shehzadi S., Shah S. A., 2012. Effect of tillage, rotation and 

crop residues on wheat crop productivity, fertilizer nitrogen and water use efficiency and 

soil organic carbon status in dry area (rainfed) of north-west Pakistan. Journal of Soil 

Science and Plant Nutrition 12, 715-727.  

 

 Shahzad M., Farooq M., Jabran K., Yasir T.A., Hussain M., 2016. Influence of Various 

Tillage Practices on Soil Physical Properties and Wheat Performance in Different Wheat-

based Cropping Systems. International Journal of Agriculture and Biology 18, 821‒829. 

DOI: 10.17957/IJAB/15.0178. 

 

 Zhang X., Li H., He J., Wang Q., Golabi M.H., 2009. Influence of conservation tillage 

practices on soil properties and crop yields for maize and wheat cultivation in Beijing, 

China. Australian Journal of Soil Research 47, 362-371. Doi: 10.1016/S0146-

6380(00)00049-8. 

 

Articles on research conducted in dryland Mediterranean countries 
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 Abrougui K., Boukhalfa H.H., Elaoud A., Louvet J.N., Destain M.F., Chehaibi S., 2014. 

Effects of Three Tillage Systems on Physical Properties of a Sandy Loam Soil. International 

Journal of Current Engineering and Technology 4, 3555-3561. 

 

 Angar H., Babba H., Ben Haj Salah H., Comparison of Soil Compaction under Conventional 

Agriculture and Conservation Agriculture Practices. National Institute for Field Crops 

(INGC). 

 

 Bahri H., Annabi M., Chibani R., Angar H., Bahri B., Ben Hadj salah H., No-tillage practice 

effect on soil aggregate stability in northern Tunisia. 

 

 Moure N.B., Lopez M.V., Angurel L.A., Moret D., Gracia R., 2010. Improvement of soil 

physical quality with no tillage in semiarid agricultural lands of Aragon (NE Spain). 

Congreso Europeo de Agricultura de Conservación, Madrid, Octubre 2010. 

 

 Castellini M., Pirastru M., Niedda M., Ventrella D., 2013. Comparing Physical Quality of 

Tilled and No-Tilled Soils in an Almond Orchard in Southern Italy. DOI: 

10.4081/ija.2013.e20. 

 

 Castellini M., Ventrella D., 2012. Impact of conventional and minimum tillage on soil 

hydraulic conductivity in typical cropping system in Southern Italy. Soil and Tillage 

Research 124, 47–56. 

 

 Chennafi H., Hannachi A., Touahria O.,  Fellahi Z.E., Makhlouf M., Bouzerzour H., 2011. 

Tillage and Residue Management Effect on Durum Wheat [Triticum turgidum (L.) Thell. 

ssp. turgidum conv. durum (Desf.) MacKey] Growth and Yield under Semi-Arid Climate. 

Advances in Environmental Biology 5, 3231-3240. 

 

 Fernandez-Ugalde O., Virto I., Bescansa P., Imaz M.J., Enrique A., Karlen D.L., 2009. No-

tillage improvement of soil physical quality in calcareous, degradation-prone, semiarid 

soils. Soil & Tillage Research 106, 29–35. doi:10.1016/j.still.2009.09.012. 

 

 Jemai I., Ben Aissa N., Ben Guirat S., Ben-Hammouda M., Gallali T., 2012. On-farm 

assessment of tillage impact on the vertical distribution of soil organic carbon and 

structural soil properties in a semiarid region in Tunisia. Journal of Environnemental 

Management 113, 488e494. Doi: 10.1016/j.jenvman.2012.05.029. 

 

 Jemai I., Ben Aissa N., Ben Guirat S., Ben-Hammouda M., Gallali T., 2012. Impact of three 

and seven years of no-tillage on the soil water storage, in the plant root zone, under a 

dry sub humid Tunisian climate. Soil & Tillage Research 126, 26–33. DOI: 

10.1016/j.still.2012.07.008. 
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 Kribaa M., Hallaire V., Curmi P., Lahmar R., 2001. Effect of various cultuvation methods 

on the structure and hydraulic properties of a soil in a semi-arid climate. Soil and Tillage 

Research 60, 43-53.  

 

 LaudicinaV.L., Novara A., Barbera V., Egli M., Badalucco L., 2015. Long term Tillage and 

cropping system effects on chemical and biochemical characteristics of soil organic 

matter in a Mediterranean semiarid environment. Land Degradation and Development 

26, 45–53. 

 

  Mazzoncini M., Antichi D., Di Bene C., Risaliti R., Petri M., Bonari E., 2016. Soil carbon and 

nitrogen changes after 28 years of no-tillage management under Mediterranean 

conditions. European Journal of Agronomy. DOI: 10.1016/j.eja.2016.02.011. 

 

 Ben Moussa-Machraouia S., Errouissib F., Ben-Hammoudaa F., Nouirab S., 2010. 

Comparative effects of conventional and no-tillage management on some soil properties 

under Mediterranean semi-arid conditions in northwestern Tunisia. Soil and Tillage 

Research 106, 247–253. Doi: 10.1016/j.still.2009.10.009. 

 

 Sommer R., Piggin C., Feindel D., Ansar M., Delden L.V., Shimonaka K., Abdalla J., Douba 

O., Estefan G., Haddad A., Haj-Abdo R., Hajdibo A., Hayek P., Khalil Y., Khoder A., Ryan J., 

2014. Effects of Zero Tillage and Residue Retention on Soil Quality in the Mediterranean 

Region of Northern Syria. Open Journal of Soil Science 4, 109-125. Doi: 

10.4236/ojss.2014.43015.  

 

 Bonzanigo L., Giupponi C., Moussadek R., 2016.  Conditions for the Adoption of 

Conservation Agriculture in Central Morocco: An Approach Based on Bayesian Network 

Modelling. Italian Journal of Agronomy 11. 

 

 Laghrour M., Moussadek R., A. Zouahri A., Mekkaoui M., Dahan R., El Mourid M., 2015. 

Impact du semis direct sur les propriétés physiques d’un sol argileux au Maroc central 

(Impact of No Tillage on physical proprieties of a clay soil in Central Morocco). J. Mater. 

Environ. Sci. 6, 391-396. 

 

 Laghrour M., Moussadek R., Mrabet R., Dahan R., El-Mourid M., Zouahri., Mekkaoui M., 

2016. Long and Midterm Effect of Conservation Agriculture on Soil Properties in Dry Areas 

of Morocco. Applied and Environmental Soil Science. DOI : 10.1155/2016/6345765. 

 

 Lahlou S., Ouadia M., Issa O.M., Bissonnais Y.L., Mrabet R., 2005. Modification de la 

porosité du sol sous les techniques culturales de conservation en zone semi-aride 

Marocaine. Étude et Gestion des Sols, Volume 12, 69-76. 
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 Moussadek R., Mrabet R., Dahan R., Zouahri A., El Mourid M., Ranst E.V., 2014. Tillage 

System Affects Soil Organic Carbon Storage and Quality in Central Morocco. Applied and 

Environmental Soil Science. 

 

  Mrabet R., 2011. No-Tillage Agriculture in West Asia and North Africa. Springer 

Science+Business Media B.V. Chapter 40. DOI 10.1007/978-1-4020-9132-2_40. 

 

 Mrabet R., Saber N., El-Brahli A., Lahlou S., Bessam., 2001. Total, particulate organic 

matter and structural stability of a Calcixeroll soil under different wheat rotations and 

tillage systems in a semiarid area of Morocco. Soil & Tillage Research 57, 225-235. 

 

 Mrabet R., 2006. Soil quality and carbon sequestration: Impacts of no- tillage systems. In: 

Arru e Ugarte J.L. (ed.), Can tero-Martín ez C. (ed.). Troisièmes rencontres 

méditerranéennes du semis direct. Zaragoza : CIHEAM, 2 006. p. 43-55 (Options 

Méditerranéennes : Série A. Séminaires Méditerranéens ; n. 69). 

 

 Anibat I., Bessam F., El Brahli A., Mrabet R. 2003. No-tillage technology: Research review 

of impacts on soil quality and wheat production in semi-arid Morocco. In: Can tero-

Martínez C. (ed.), Gabiña D., (ed.). Mediterranean rainfed agriculture: Strategies for 

sustainability. Zaragoza : CIHEAM, 2 004. p. 1 33-138 (Option s Méditerranéen n es : Série 

A. Séminaires Méditerranéens ; n. 60). 

 

 Mrabet R., Moussadek R., Fadlaoui A., Ranst E.V., 2012. Conservation agriculture in dry 

areas of Morocco. Field Crops Research 132, 84–94. doi:10.1016/j.fcr.2011.11.017. 

 

Research articles with focus on dryland Vertisols 

 

 Celik I., Barut Z.B., Ortas I., Gok M., Demirbas A., Tulun Y., Akpinar C., 2011. Impacts of 
different tillage practices on some soil microbiological properties and crop yield under 
semi-arid Mediterranean conditions. International Journal of Plant Production 5, 237-
254. 
 

 Chan K.Y., Hodsgon A.S., Bowman A.M., 1995. Degradation of Australian vertisols after 
conversion from native grassland (Astrebla lappacea) to continuous cropping in a semi-
arid subtropical environment. Tropical Grasslands 29, 210-217. 
 

 Erkossa T., 2011. Tillage effects on physical qualities of a vertisol in the central highlands 
of Ethiopia. African Journal of Environmental Science and Technology 5, 1008-1016. DOI: 
10.5897/AJEST10.089. 
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 Gardner E.A., Coughlan K.J., Silburn D.M., 1988.  Soil water measurement and 
management on Vertisols in Queensland, Australia. Conference on the Management of 
Vertisols in sub-Saharan Africa, Addis Ababa (Ethiopia), 31 Aug-4 Sep 1987. 
 

 Hati K.M., Chaudhary R.S., Mandal K.G., Bandyopadhyay K.K., Singh R. K., Sinha N.K., 
Mohanty M., Somasundaram J., 2015. Effects of Tillage, Residue and Fertilizer Nitrogen 
on Crop Yields, and Soil Physical Properties under Soybean–Wheat Rotation in Vertisols 
of Central India. Agricultural Research. Doi 10.1007/s40003-014-0141-7. 
 

 Pathak P., Wani S.P., Sudi R.R., 2011. Long-term effects of management systems on crop 
yield and soil physical properties of semi-arid tropics of Vertisols. Agricultural Sciences 2, 
435-442.  doi:10.4236/as.2011.24056. 
 

 Potter K.N., Torbert H.A., Morrison J. E.Jr., 1995. Tillage and residue effects on infiltration 
and sediment losses on vertisols. Transactions of the American Society of Agricultural 
Engineers 38, 1413-1419.  
 

 Sonune B., Gabhane V., Katkar R., Rewatkar S., 2013. Sustaining cotton productivity and 
soil health under long-term tillage and nutrient management in vertisols of Maharashtra. 
Acta Biologica Indica 2, 329-334. 
 

 Tolmie P.E., Radford B.J., 2004. Effect of tillage practices on chiloride movement and deep 
drainage at Biloela, central Queensland. ISCO 2004 - 13th International Soil Conservation 
Organization Conference – Brisbane, July 2004. 

 

 


