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In this study, the effects of reduced tillage (RT) and conventional tillage (CT) systems 
on some soil properties of wheat fields in Northern Iraq (Duhok Province) under a hot 
and dry climatic condition were investigated. This study was carried out in a 
randomized plot design with four replications at three locations (Bardrash, Sumail, and 
Zakho) in the seasons 2017-2018. Four fields in each location at Duhok Province were 
equally separated into two groups for CT and RT systems. A group of 24 soil samples 
for each tillage system were taken from the locations. Soil organic matter content, pH, 
EC, bulk density and total porosity values were significantly (p<0.05) affected by 
different tillage systems. Soil pH, EC and bulk density values generally significantly 
reduced with the RT compared with CT. On the other hand, soil OM content and total 
porosity were significantly increased with the RT system in all locations under a hot 
and dry climatic condition. In all locations, RT system decreased bulk density and 
increased total porosity with conserving soil OM due to preventing from rapid 
mineralization. However, rapid mineralization of soil OM in the CT system under dry 
climate condition caused increases in EC which indicated that there were high soluble 
ions in soil solution. 
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Introduction 
Wheat (Triticum spp.) is one of the main crops used for human food and animal feed in temperate and dry-
land areas around the world. The main factors influencing the production and yield of wheat are generally 
crop rotation, tillage system, and plant residue managements. In northern Iraq, rainfed agriculture with 
intensive cereal cultivation for decades resulted in reduced wheat productivity due to topsoil loss and 
degradation of many fields (Izaurralde et al., 2006; Brunel et al., 2011), hence, early symptoms of erosion are 
undetectable by simple observations (Fenton et al., 2005; Larney et al., 2009). In traditional tillage, depth of 
topsoil and clay content increase as a consequence of mixing with finer particles from lower horizons; this 
material has low levels of organic matter, and these characteristics are then transferred to the new upper 
horizon (Frye et al., 1982; Christensen and McElyea, 1988; Gülser et al. 2016). Furthermore, the loss of 
topsoil is followed by an increase in bulk density, structural deterioration, and alteration of the total porosity 
with various suppressing effects on crop yield (Gollany et al., 1992; Malhi et al., 1994). Thus, the depth of 
topsoil has been proved a significant parameter in determining soil quality and land productivity (Larney et 
al., 2009).   
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Reduced tillage (RT) in the developing systems with wheat residue mulching in the northern Iraq is an 
alternative technology to protect the sub-soil against compaction and erosion by water. It can reduce water 
run-off throughout the year, reduce evaporative loses and increase water infiltration and also can increase 
the stability of the soil by increasing organic matter content as well as a source of nutrients particularly P, K, 
Mg and biological activity (Dexter et al., 2004; Czyz and Dexter, 2008; Malecka et al., 2016; Gajda et al., 
2017). Reduced tillage affects some soil physical properties in the top layers such as; bulk density (Gajda et 
al., 2017), water content, aggregate stability (Rasmussen, 1999) and soil physical quality (Dexter, 2004). 
Horak et al. (2014) studied the short-termeffects of conventional and reduced tillage with and without 
nitrogen fertilizer applications on soil respiration rate during 40 days. They reported that there was not a 
significant difference in CO2 emmision rates between conventional and reduced tillage systems. Ali et al. 
(2016) determined the effects of zero tillage and conventional tillage practices and row spacing on growth 
and yield of wheat. They found that zero tillage significantly enhanced yield components of wheat plants as 
compared to conventional tillage, and zero tillage and narrow row spacing (15 cm) had higher wheat yield 
for the wheat-maize rotation system in semi-arid regions. Vakali et al. (2011) determined that reduced 
tillage practices improved soil physical and biological properties without detrimentally affecting root growth 
of cereals under organic farming.  

In the developing regions of Northern Iraq, crop yields decreases because of variety of reasons, such as lack 
of adequate tillage equipment and inadequate knowledge of farmers about the management of crop 
residues, the persistence of heavy residues in wet soil, pest and disease problems, weed control (Hejazi et al., 
2010). Growing without crop rotation with heavy residues and stubble burning after harvesting for rapid 
seed preparation leads to loss of soil organic matter and reduction of fertility. The aim of this research was 
to compare the effects of conventional and reduced tillage systems on some soil properties of rainfed wheat 
grown fields located in Duhok Province of Northern Iraq having a dry climatic condition. 

Material and Methods 

The experimental locations were selected from the local wheat farmer’s fields at Bardrash, Sumail, and 
Zakho of Duhok Province in the Northern Iraq (Table 1, Figure 1). The climate of geographical sites showed 
considerable fluctuations during different parts a year; summer temperature reaches to up 40°C, while 
winter experiences frequent frosty spells particularly in December and January. The average distribution of 
precipitation and dominant temperatures at these sites between 2010 and 2018 are shown in Figure 2. 
 

 

Figure 1. Locations of experimental sites Zakho, Sumail, and Bardarash. 



F.Gülser et al. / Eurasian J Soil Sci 2020, 9 (4) 314 - 320 

316 

 

Table 1. Geographical position of the experimental locations 

Locations Latitude N Longitude E Elevation, m 
Bardarash 36.5018° N 43.5848° E 420 
Sumail 36.8608° N 42.8476° E 525 
Zakho 37.1505° N 42.6727° E 510 

The study was carried out in a randomized plot design using conventional tillage (CT) and reduced tillage 
(RT) systems with four replications at three locations (Bardrash, Sumail, and Zakho) between 2017 and 
2018. Four fields in each location were equally separated into two groups for CT and RT practices. 
Moldboard plow for CT system and chisel plow shanks for RT system were used for seedbed preparation 
before wheat cultivation. This research only covers some characteristics of the soil before planting. 
Experimental fields had been used for wheat production mainly for a long time. Moldboard and chisel plow 
shanks were used twice before winter wheat seed cultivation on May and July in both 2017 and 2018. 
Moldboard plow was used for 30 cm depth, and chisel plow shanks was used for 5-10 cm depth. The total 
sets of 48 surface soil samples (0-30 cm) were taken from all sampling locations as 24 samples for each 
tillage practice belong to CT and RT. 

 

 
Figure 2. Meteorological data of Duhok Province (World weather online). 

The soil samples were analyzed in the University of Duhok, College of Agricultural Engineering during 2017-
2018. Main properties of soil were analyzed as; soil texture by Bouyoucos hydrometer method (Black, 1965), 
pH measured in 1: 2.5 (w:v) in soil: water suspension by pH-meter, electrical conductivity (EC) at the same 
suspension by EC-meter, soil organic matter (OM) by the wet oxidation method (Walkley-Black) with 
K2Cr2O7, lime (CaCO3) content by Scheibler Calcimeter method (Kacar, 1994). Bulk density (BD) was 
determined after soil core collection by oven-drying field-moist soil for 24 h at 105 ºC and weighing the soil 
samples before and after drying (USDA, 2001). Total porosity (F) was calculated using the bulk density 
values in the equation; F=1-(BD/2.65). According to soil properties given in Table 2, soils in experimental 
locations have generally fine textural classes (clay in Zakho and silty clay in Bardarash and Sumail), 
moderately alkaline, non-saline, limy and low in organic matter content (Soil Survey Division Staff, 1993).    

Table 2. Some soil properties at experimental locations 

Locations Textural class pH (1:2,5) EC, dS/m CaCO3, % OM, % 
Bardarash Silty clay 8,60 0,38 17,25 2,00 
Sumail Silty clay 8,25 0,36 17,35 1,85 
Zakho Clay 8,35 0,32 21,15 1,90 

Data were statistically analyzed using SAS software (ver. 9.1; SAS Institute Inc., Cary, NC). Values expressed, 
as percentages were arcsine transformed and then analyzed.  Analysis of variance ANOVA was performed at 
the p ≤ 0.05 level and the mean values obtained for different treatments were compared according to 
Duncan’s Multiple Range Test. 
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Results and Discussion 
The effects of CT and RT on some soil properties are given in Table 3. There were significant differences 
among soil properties obtained from different tillage systems. The mean values of pH, EC and BD in the fields 
under CT were higher than that under RT. However, the mean values of OM and F in the fields under CT were 
lower than that under RT. The mean values of pH, EC and BD reduced as 3,4%, 29,6% and 4,7% with RT 
compared with CT, respectively. The mean values of OM and F increased as 16,3% and 7,6% with RT 
compared with CT, respectively.         

Table 3. Effect of conventional tillage (CT) and reduced tillage (RT) systems on mean values of some soil properties. 

 
pH (1:2,5) EC, dS/m OM, % BD,  g/cm3 F, % 

CT 8,56 0,42 1,78 1,64 37,98 

RT 8,27 0,29 2,07 1,57 40,88 

OM: organic matter, BD: bulk density, F: total porosity 

The changes in soil pH and EC values at different locations by the tillage systems are given in Figures 3 and 4. 
The soil pH values, except Bardarash, significantly reduced with RT application. The highest decrease in soil 
pH was determined at Sumail location as 6,2%.  Rhoton et al. (1993) found that no-tillage plots in different 
soil types had higher organic C, exchangeable cations and acidity than conventional tillage plots. Similarly, 
Hussain et al. (1999) determined that moldboard plow had higher soil pH value (6,4) than chisel plow (6,2) 
in a silt loam soil. Lilienfein et al. (2000) reported that under no till, the average soil solution pH (5,5) 
significantly and EC (0.205 dS/m) were lower than pH (6.0) and EC (0.224 dS/m) in conventional tillage, and 
total organic C content in no till was higher than under conventional tillage. In this study, EC values in CT at 
different locations were significantly higher than that in RT. The highest reduction in EC as 31,6% in RT was 
determined at Zakho location compared with CT. In soil solution, EC value reflects dissolved nutrient 
elements in anion and cation forms and is one of the most important parameters for monitoring organic-
matter mineralization in soils (De Neve et al. 2000; Candemir and Gülser 2011). Borie et al. (2006) reported 
that higher C, N, S, total P and fulvic acid-P concentrations and pH occurred in an Ultisol soil under no till and 
RT than under CT after wheat harvest. In this study carried out under dry climatic condition, soil OM in CT 
system had more rapid mineralization rate than RT system due to undisturbing soil aggregates and 
increasing aeration all experimental fields. This mineralization of OM content reflected on the EC values of 
the soil samples taken from CT plots (Figure 4). Therefore, soil organic matter contents at different locations 
under RT practice were significantly higher than that under CT (Figure 5). Reducing soil tillage increased soil 
OM content by 10,5% at Bardarash, 30,2 % at Sumail and 9,9% at Zakho locations. Soil OM content increases 
with reducing tillage systems (Rhoton et al. 1993; Lilienfein et al. 2000). Ernst and Emmerling (2009) 
determined that soil organic C content was increased in the topsoil under reduced tillage compared to 
ploughing. Six et al. (1999) reported that soil tillage strongly affects the amount and type of particulate soil 
OM contents associated with aggregates. Organic C sequestration in no till was greater than conventional 
tillage due to slower turnover of macroaggregates in no till. Also, it is known that the decomposition rate of 
soil organic matter depends on climatic conditions; the tillage effect on soil OM decomposition is lower in 
cooler regions than in hotter and more arid regions (Soon et al., 2007). In this study, RT system in hot and 
dry climatic locations helped preventing to organic matter decomposition in soil compared with CT system.      

  

Figure 3. Effects of conventional (CT) and reduced (RT) 
tillage systems on soil pH. 

Figure 4. Effects of conventional (CT) and reduced (RT) 
tillage systems on EC. 
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Figure 5. Effects of conventional (CT) and reduced (RT) tillage systems on soil organic matter (OM) content. 

The bulk density values in all experimental fields under CT system were higher than that under RT system 
(Figure 6). According to CT system, the bulk density values in fields under RT system decreased as 4,8% in 
Bardarash, 4,7% in Sumail and 4,4% in Zakho locations. Grant and Lafond (1993) determined that the bulk 
density values at 5 cm interval of 0-15 cm layer of a clay soil depth were lower for minimum tillage system 
(0,90 to 1,29 g/cm3) than conventional tillage system (0,99 to 1,33 g/cm3). Gülser (2004) found that 
increasing soil organic matter content due to crop treatments decreased bulk density with increasing total 
porosity. Many studies reported that soil organic matter content gives a significant negative correlation with 
bulk density and a significant positive correlation with totalporosity (Candemir and Gülser, 2011; Demir and 
Gülser, 2015). In this study, increasing soil OM contents in RT system caused to decrease the bulk density 
values in each location. Similarly, the total porosity values in RT system were greater than that in CT system 
(Figure 7). Selvi et al. (2019) determined that soil penetration resistance within 0-40 cm depth of a clay soil 
varied between 0,78 MPa and 1,20 MPa for fall chisel plowing and those values were lower than the values 
ranged between  0,81 MPa and 1,40 MPa for fall moldboard plowing. It is known that increasing the total 
porosity or decreasing bulk density causes to decreases in soil penetration resistance values. Gülser and 
Candemir (2012) reported that increasing total porosity and soil moisture content by the application of 
organic residues decreased penetration resistance of a clay soil. In another study, Gülser (2006) indicated 
that increasing macroaggregation in a clay soil due to forage cropping caused increases in organic matter 
content and decreases in bulk density and penetration resistance. In this study, RT system increased total 
porosity with preventing organic matter content in soil while CT system decreased total porosity with 
reducing organic matter content due to rapid mineralization under hot and dry climatic conditions. 
Percentage increases in the values of total porosity with RT over CT were determined as 8,1% in Bardarash, 
8,3% in Sumail and 6,6% in Zakho locations. The effect of RT on total porosity was more effective on the silty 
clay textural fields in Bardarash and Sumail than the clay textural field in Zakho. 

  

Figure 6. Effects of conventional (CT) and reduced (RT) 
tillage systems on soil bulk density. 

Figure 7. Effects of conventional (CT) and reduced (RT) 
tillage systems on total porosity. 

Conclusion 
The effects of CT and RT systems on some soil properties of rainfed wheat grown fields of Bardarash, Sumail 
and Zakho located on Duhok Province under a hot and dry climatic condition were investigated in this study. 
While the values of soil pH, EC and bulk density significantly reduced with the RT over the CT system, soil 
OM content and total porosity were significantly increased with the RT system in all locations under a hot 
and dry climatic condition. The RT system reduced bulk density and increased total porosity with conserving 
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soil OM content due to preventing from rapid mineralization rate under a hot and dry climatic condition. 
However, rapid mineralization of soil OM in the CT system under dry climate caused increases in EC which 
indicated the higher soluble ions in soil solution. This study showed that RT systems in fields under hot and 
dry climatic conditions are very important to prevent and improve soil physical and chemical properties. 

Acknowledgment  

We would like to thanks to the University of Duhok, College of Agricultural Engineering for laboratory 
support and thanks to Soil Science & Plant Nutrition Department of Agricultural Faculty in Van Yüzüncü Yıl 
University, Turkey.  

References 

Ali, S., Ibin-I Zamir , M.S., Farid, M.S., Farooq, M.A., Rizwan, M.A., Ahmad, R.A., Hannan, F.A., 2016. Growth and yield 
response of wheat (Triticum aestivum L.) to tillage and row spacing in maize-wheat cropping system in semi-
arid region. Eurasian Journal of Soil Science 5(1): 53 - 61.  

Black, C.A., 1965. Methods of Soil Analysis. Part 1. Physical and Mineralogical Properties, Including Statistics of 
Measurement and Sampling, Agronomy Monograph 9.1, American Society of Agronomy (ASA), Soil Science 
Society of America (SSSA), Madison, Wisconsin, USA. 

Borie, F., Rubio, R., Rouanet, J.L., Morales, A., Borie, G., Rojas, C., 2006. Effects of tillage systems on soil characteristics, 
glomalin and mycorrhizal propagules in a Chilean Ultisol. Soil and Tillage Research 88(1-2): 253-261. 

Brunel, N., Meza, F., Ross, R., Santibáñez, F., 2011. Effects of topsoil loss on wheat productivity in dryland zones of Chile. 
Journal of Soil Science and Plant Nutrition 11(4): 129-137. 

Candemir, F., Gülser, C., 2011. Effects of different agricultural wastes on some soil quality indexes at clay and loamy 
sand fields. Communications in Soil Science and Plant Analysis 42(1): 13-28. 

Christensen, L., McElyea, D., 1988. Toward a general method of estimating productivity–soil depth re¬sponse 
relationships. Journal of Soil and Water Conservation 43(2): 199-202. 

Czyz, E., Dexter, A., 2008. Soil physical properties under winter wheat grown with different tillage systems at selected 
locations. International Agrophysics 22(3): 191–200 

De Neve, S., J. Van De Steene, R. Hartman, Hofman, G., 2000. Using time domain reflectometry for monitoring 
mineralization of nitrogen from soil organic matter. European Journal of Soil Science 51(2): 295–304. 

Demir, Z., Gülser, C., 2015. Effects of rice husk compost application on soil quality parameters in greenhouse conditions. 
Eurasian Journal of Soil Science 4(3):185-190. 

Dexter, A.R., Czyż, E.A., Gaţe, O.P., 2004. Soil structure and the saturated hydraulic conductivity of subsoils. Soil and 
Tillage Research 79(2), 185-189. 

Dexter, A.R., 2004. Soil physical quality Part I. Theory, effects of soil texture, density, and organic matter, and effects on 
root growth. Geoderma 120(3-4): 201-214. 

Ernst, G., Emmerling, C., 2009. Impact of five different tillage systems on soil organic carbon content and the density, 
biomass, and community composition of earthworms after a ten year period. European Journal of Soil Biology 
45(3): 247-251. 

Fenton, T.E., Kazemi, M., Lauterbach-Barrett, M., 2005. Erosional impact on organic matter content and productivity of 
selected Iowa soils. Soil and Tillage Research 81(2): 163-171.  

Frye, W.W., Ebelhar, S.A., Murdock, L.W., Blevins, R.L. 1982. Soil erosion effects on properties and productivity of two 
Kentucky Soils. Soil Science Society of America Journal 46(5): 1051-1055. 

Gajda, A.M., Czyż, E.A., Stanek-Tarkowska, J., Furtak, K. M., Grządziel, J., 2017. Effects of long-term tillage practices on the 
quality of soil under winter wheat. Plant, Soil and Environment 63(5): 236-242. 

Gollany, H.T., Schumacher, T.E., Lindstrom, M.J., Evenson, P.D., Lemme, G.D., 1992. Topsoil depth and desurfacing effects 
on properties and productivity of a typic argiustoll. Soil Science Society of America Journal 56(1): 220-225. 

Grant, C.A., Lafond, G.P., 1993. The effects of tillage systems and crop sequences on soil bulk density and penetration 
resistance on a clay soil in southern Saskatchewan. Canadian Journal of Soil Science 73(2): 223-232. 

Gülser, C., 2006. Effect of forage cropping treatments on soil structure and relationships with fractal dimensions. 
Geoderma 131(1-2): 33-44. 

Gülser, C., 2004. A Comparision of some physical and chemical soil quality ındicators ınfluenced by different crop 
species. Pakistan Journal of Biological Sciences 7(6): 905-911. 

Gülser, C., Candemir, F., 2012. Changes in penetration resistance of a clay field with organic waste applications. Eurasian 
Journal of Soil Science 1(1): 16-21. 

Gülser, C., Ekberli, I., Candemir, F., Demir, Z. 2016. Spatial variability of soil physical properties in a cultivated field.  
Eurasian Journal of Soil Science 5(3): 192-200. 

Hejazi, A., Bahrani, M. J., Kazemeini, S.A., 2010. Yield and yield components of ırrigated rapeseed-wheat rotation as 
ınfluenced by crop residues and nitrogen levels in a reduced tillage method. American-Eurasian Journal of 
Agricultural & Environmental Sciences 8(5): 502-507. 

Horak, J., Igaz, D., Kondrlova, E., 2014. Short-term soil carbon dioxide (CO2) emission after application of conventional 
and reduced tillage for red clover in Western Slovakia. Eurasian Journal of Soil Science 3(3): 206 - 211.  

https://doi.org/10.18393/ejss.2016.1.053-061
https://doi.org/10.18393/ejss.2016.1.053-061
https://doi.org/10.18393/ejss.2016.1.053-061
https://doi.org/10.1016/j.still.2005.06.004
https://doi.org/10.1016/j.still.2005.06.004
http://dx.doi.org/10.4067/S0718-95162011000400010
http://dx.doi.org/10.4067/S0718-95162011000400010
https://doi.org/10.1080/00103624.2011.528489
https://doi.org/10.1080/00103624.2011.528489
https://doi.org/10.1046/j.1365-2389.2000.00306.x
https://doi.org/10.1046/j.1365-2389.2000.00306.x
https://doi.org/10.18393/ejss.2015.3.185-190
https://doi.org/10.18393/ejss.2015.3.185-190
https://doi.org/10.1016/j.still.2004.07.007
https://doi.org/10.1016/j.still.2004.07.007
https://doi.org/10.1016/j.geoderma.2003.09.004
https://doi.org/10.1016/j.geoderma.2003.09.004
https://doi.org/10.1016/j.ejsobi.2009.02.002
https://doi.org/10.1016/j.ejsobi.2009.02.002
https://doi.org/10.1016/j.ejsobi.2009.02.002
https://doi.org/10.1016/j.still.2004.09.005
https://doi.org/10.1016/j.still.2004.09.005
https://doi.org/10.2136/sssaj1982.03615995004600050033x
https://doi.org/10.2136/sssaj1982.03615995004600050033x
https://doi.org/10.17221/223/2017-PSE
https://doi.org/10.17221/223/2017-PSE
https://doi.org/10.2136/sssaj1992.03615995005600010034x
https://doi.org/10.2136/sssaj1992.03615995005600010034x
https://doi.org/10.4141/cjss93-024
https://doi.org/10.4141/cjss93-024
https://doi.org/10.1016/j.geoderma.2005.03.004
https://doi.org/10.1016/j.geoderma.2005.03.004
http://dx.doi.org/10.3923/pjbs.2004.905.911
http://dx.doi.org/10.3923/pjbs.2004.905.911
https://doi.org/10.18393/ejss.2016.3.192-200
https://doi.org/10.18393/ejss.2016.3.192-200
https://doi.org/10.18393/ejss.18500
https://doi.org/10.18393/ejss.18500


F.Gülser et al. / Eurasian J Soil Sci 2020, 9 (4) 314 - 320 

320 

 

Hussain, I., Olson, K.R., Wander, M. M., Karlen, D.L., 1999. Adaptation of soil quality indices and application to three 
tillage systems in southern Illinois. Soil and Tillage Research 50(3-4): 237-249. 

Izaurralde, R.C., Malhi, S.S., Nyborg, M., Solberg, E.D., Jakas, Q.M.C., 2006. Crop performance and soil properties in two 
artificially eroded soil in North-Central Alberta. Agronomy Journal 98(5): 1298-1311. 

Kacar, B. 1994. Chemical Analysis of Plant and Soil III. Soil Analysis. Ankara University, Faculty of Agriculture, 
Educational Research and Development Foundation Publications, No. 3 Ankara, Turkey. [in Turkish]. 

Larney, F.J., Janzen, H.H., Olson, B.M., Olson, A.F., 2009. Erosion–productivity–soil amendment relationships for wheat 
over 16 years. Soil and Tillage Research 103(1): 73-83. 

Lilienfein, J., Wilcke, W., Vilela, L., do Carmo Lima, S., Thomas, R., Zech, W.,  2000. Effect of no‐tillage and conventional 
tillage systems on the chemical composition of soil solid phase and soil solution of Brazilian Savanna Oxisols. 
Journal of Plant Nutrition and Soil Science 163(4): 411-419. 

Małecka-Jankowiak, I., Blecharczyk, A., Swedrzynska, D., Sawinska, Z., Piechota, T., 2016. The effect of long-term tillage 
systems on some soil properties and yield of pea (Pisum sativum L.). Acta Scientiarum Polonorum. Agricultura 
15(1): 37-50. 

Malhi, S.S., Izaurralde, R.C., Nyborg, M., Solberg, E.D., 1994. Influence of topsoil removal on soil fertility and barley 
growth. Journal of Soil and Water Conservation 49(1): 96-101. 

Rasmussen, K.J., 1999. Impact of ploughless soil tillage on yield and soil quality: A Scandinavian review. Soil and Tillage 
Research 53(1): 3-14. 

Rhoton, F.E., Bruce, R.R., Buehring, N.W., Elkins, G.B., Langdale, C.W., Tyler, D.D., 1993. Chemical and physical 
characteristics of four soil types under conventional and no-tillage systems. Soil and Tillage Research 28(1): 51-
61. 

Selvi, K.C., Gülser, C., Beyhan, M.A., 2019. Short Term Effects of Different Tillage Methods on Nitrate Content in Soil and 
Corn Yield. Malaysian Journal of Soil Science 23: 55-68. 

Six, J., Elliott, E.T., Paustian, K., 1999. Aggregate and soil organic matter dynamics under conventional and no‐tillage 
systems. Soil Science Society of America Journal 63(5): 1350-1358. 

Soil Science Division Staff, 1993. Soil Survey Manuel. United States Department of Agriculture (USDA) Handbook No:18, 
Government Printing Office, Washington, D.C. USA. Available at [Access date: 13.01.2020]: 
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcseprd1335011.pdf 

Soon, Y.K., Arshad, M.A., Haq, A., Lupwayi, N., 2007. The influence of 12 years of tillage and crop rotation on total and 
labile organic carbon in a sandy loam soil. Soil and Tillage Research 95(1-2): 38-46. 

USDA, 2001. Soil quality test kit guide. United States Department of Agriculture, Agricultural Research Service, Natural 
Resources Conservation Service, Soil Quality Institute, USA. 82p. Available at [Access date: 13.01.2020]: 
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_050956.pdf 

Vakali, C., Zaller, J.G., Köpke, U., 2011. Reduced tillage effects on soil properties and growth of cereals and associated 
weeds under organic farming. Soil and Tillage Research 111(2): 133-141. 

https://doi.org/10.1016/S0167-1987(99)00012-4
https://doi.org/10.1016/S0167-1987(99)00012-4
https://doi.org/10.2134/agronj2005.0184
https://doi.org/10.2134/agronj2005.0184
https://doi.org/10.1016/j.still.2008.09.008
https://doi.org/10.1016/j.still.2008.09.008
https://doi.org/10.1002/1522-2624(200008)163:4%3C411::AID-JPLN411%3E3.0.CO;2-V
https://doi.org/10.1002/1522-2624(200008)163:4%3C411::AID-JPLN411%3E3.0.CO;2-V
https://doi.org/10.1002/1522-2624(200008)163:4%3C411::AID-JPLN411%3E3.0.CO;2-V
https://doi.org/10.1016/S0167-1987(99)00072-0
https://doi.org/10.1016/S0167-1987(99)00072-0
https://doi.org/10.1016/0167-1987(93)90055-T
https://doi.org/10.1016/0167-1987(93)90055-T
https://doi.org/10.1016/0167-1987(93)90055-T
https://doi.org/10.2136/sssaj1999.6351350x
https://doi.org/10.2136/sssaj1999.6351350x
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcseprd1335011.pdf
https://doi.org/10.1016/j.still.2006.10.009
https://doi.org/10.1016/j.still.2006.10.009
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_050956.pdf
https://doi.org/10.1016/j.still.2010.09.003
https://doi.org/10.1016/j.still.2010.09.003

