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ABSTRACT
In the semiarid Canadian prairies, water is the most limiting and nitrogen (N) the second most limiting factor 

influencing spring wheat (Triticum aestivum L.) production. The efficiency of water-and nitrogen use needs 

to be assessed in order to maintain this production system. The effects of cropping frequency and N 

fertilization on trends in soil water distribution and water use were quantified for an 18-yr (1967-1984) field 

experiment conducted on a medium textured Orthic Brown Chernozem (Aridic Haploboroll) in southwestern 

Saskatchewan, Canada. Soil water contents were measured eight times each year and plant samples were 

taken at five phenological growth stages. The treatments studied were continuous wheat (Cont W), 

summer fallow - wheat, F-(W) and summer fallow - wheat - wheat, F-W-(W) each receiving recommended 

rates of N and phosphorus (P) fertilizer, and (F)-W-W and (Cont W) each receiving only P fertilizer, with the 

examined rotation phase shown in parentheses. Soil water conserved under fallow during the summer 

months averaged 25 mm in the root zone, and was related to the initial water content of the soil, the 

amount of precipitation received, its distribution over time, and potential evapotranspiration. Under a wheat 

crop grown on fallow, soil water contents between spring and the five-leaf stage remained relatively 

constant at about 250 mm, but those under a stubble crop, with 40 mm lower spring soil water reserves, 

increased slightly until about the three-leaf stage. During the period of expansive crop growth (from the 

five-leaf to the soft dough stage) soil water was rapidly lost from all cropped phases at rates of 1.87 

mm.day–1 for F-(W) (N+P), 1.23 mm.day–1 for Cont W (N+P) and 1.17 mm.day–1 for Cont W (+P). The 
initial loss was from the 0 - 0.3 m depth, but during the latter half of the growing season from deeper 

depths, although rarely from the 0.9 - 1.2 m depth. In very dry years (e.g., 1973, with 87 mm precipitation 

between spring and fall) summer fallow treatments lost water. In wet years with poor precipitation 

distribution (e.g., 1970, with 287 mm precipitation between spring and fall but 142 mm of this in one week 

between the three- and five-leaf stage) even cropped treatments showed evidence of leaching. The above-

ground biomass water use efficiency for Cont W was 19.2 and 16.7 kg.ha–1.mm–1, respectively, for crops 

receiving (N+P) and P fertilizer only. Grain yield water use efficiency (8.91 kg.ha–1.mm–1) was not 
significantly influenced by cropping frequency nor N fertilizer. The 18 years of detailed measurements of 

plant and soil parameters under various crop management systems provide an invaluable source of 

information for developing and testing simulation models. 

KEYWORDS
Fallow Frequency; Water Use; Plant Biomass; Spring Wheat; Soil Water 

Cite this paper
Jong, R. , Campbell, C. , Zentner, R. , Basnyat, P. , Grant, B. and Desjardins, R. (2011) Cropping frequency 

and N fertilizer effects on soil water distribution from spring to fall in the semiarid Canadian prairies. 

Agricultural Sciences, 2, 220-237. doi: 10.4236/as.2011.23031.  

References

OPEN   ACCESS  

[1] Campbell, C. A., Zentner, R. P., Janzen, H. H. and Bowren, K. E. (1990) Crop rotation studies on the 

Cana- dian Prairies. Canadian Gov = t Publ. Centre, Supply & Services Canada, Hull, QC. Publ 

#184/E, 133 pp. 

[2] Campbell, C. A., Selles, F., Zentner, R. P, McConkey, B. G., Brandt, S. A. and McKenzie, R. C. (1997) 

Regression model for predicting yield of hard red spring wheat grown on stubble in the semiarid 

● Open Special Issues

● Published Special Issues

● Special Issues Guideline

AS Subscription

Most popular papers in AS

About AS News

Frequently Asked Questions

Recommend to Peers

Recommend to Library

Contact Us

Downloads: 145,381 

Visits: 316,795 

Sponsors, Associates, and 
Links >>

● 2013 Spring International 

Conference on Agriculture and 

Food Engineering(AFE-S)



prairie. Canadian Jour- nal of Plant Science, 77, 43-52. 

[3] Campbell, C. A., Zentner, R. P., Gameda, S., Blomert, B. and Wall, D. D. (2002) Production of annual 

crops on the Canadian prairies: Trends during 1976-1998. Canadian Journal of Soil Science, 82, 45-

57. 

[4] Bauer, A. (1972) Effect of water supply and seasonal distribution on spring wheat yields. Agricultural 

Exp. Station, North Dakota State University, Fargo, N.D. MP5M 10-15-72. 21 pp. 

[5] Nielsen, D. C. and Vigil, M. G. (2010) Precipitation stor- age efficiency during fallow in wheat-fallow 

systems. Agronomy Journal, 102, 537-543. 

[6] De Jong, R., Campbell, C. A., Zentner, R. P., Basnyat, P., Cutforth, H. and Desjardins, R. (2008) 

Quantifying soil water conservation in the semiarid region of Saskatch- wan, Canada, effect of fallow 

frequency and N fertilizer. Canadian Journal of Soil Science, 88, 461-475. 

[7] Hatfield, J. L., Sauer, T. J. and Prueger, J. H. (2001) Managing soils to achieve greater water use 

efficiency: a review. Agronomy Journal, 93, 271-280. 

[8] Nielsen, D. C., Unger, P. W. and Miller, P. R. (2005) Ef- ficient water use in dryland cropping systems 

in the Great Plains. Agronomy Journal, 97, 364-372. 

[9] Bauer, A. (1980) Responses of tall and semidwarf hard red spring wheats to fertilizer nitrogen rates 

and water supply in North Dakota 1969-1974. North Dakota Ag. Exp. Station, Bulletin 510, 112 pp. 

[10] Tanaka, D. L. (1990) Topsoil removal influences on spring wheat water use efficiency and nutrient 

concentra- tion and content. Transactions of the American Society of Agricultural Engineers, 33, 

1518-1524. 

[11] Campbell, C. A., Zentner, R. P., Selles, F., Biederbeck, V. O. and Leyshon, A. J. (1992) Comparative 

effects of grain lentil-wheat and monoculture wheat on crop pro- duction, N economy and N fertility in 

a Brown Cher- nozemic soil. Canadian Journal of Plant Science, 72, 1091-1107. 

[12] Deibert, E. J., French, E. and Hoag, B. (1986) Water storage and use by spring wheat under 

conventional till- age and no-till in continuous and alternate crop-fallow systems in the northern 

Great Plains. Journal of Soil and Water Conservation, 41, 53-58. 

[13] Azooz, R. H. and Arshad, M. A. (1998) Effect of tillage and residue management on barley and canola 

growth and water use efficiency. Canadian Journal of Soil Sci- ence, 78, 649-656. 

[14] Norwood, C. A. (1999) Water use and yield of dryland row crops as affected by tillage. Agronomy 

Journal, 91, 108-115. 

[15] Campbell, C. A., VandenBygaart, A. J., Grant, B., Zent- ner, R. P., McConkey, B. G., Smith, W., Lemke, 

R. and Gregorich, E.G. (2007) Quantifying carbon sequestration in a conventionally tilled crop rotation 

study in south- western Saskatchewan. Canadian Journal of Soil Science, 87, 23-38. 

[16] Lenssen, A. W., Johnson, G. D. and Carlson, G. R. (2007) Cropping sequence and tillage system 

influences annual crop production and water use in semiarid Montana, USA. Field Crops Research, 

100, 32-43. 

[17] De Jong, E. and Cameron, D. R. (1980) Efficiency of water use by agriculture for dryland crop 

production. Prairie Production Symposium, Soils and Land Re- sources, Advisory Comm. to Can. 

Wheat Board. Univ. of Saskatchewan, Saskatoon. Oct. 29 - 31, 1980. 

[18] Hupet, F.and Vanclooster, M. (2002) Intraseasonal dy- namics of soil moisture variability within a 

small agri- cultural maize cropped field. Journal of Hydrololy, 261, 86-101. 

[19] Kersebaum, K. C., Lorenz, K., Reuter, H. I., Wendroth, O., Giebel, A. and Schwarz, J. (2003) Site 

specific nitro- gen fertilisation recommendations based on simulation. Precision Agriculture. In: 

Stafford, J., Werner, A. (Eds.), Proc. of the 4th European Conference on Precision Agri- 

culture.Wageningen Academic Publishers, Wageningen, pp. 309-314. 

[20] Heineman, A. B., Hoogenboom, G. and De Faria, R. T. (2002) Determination of spatial water 

requirements at county and regional levels using crop models and GIS. An example for the state 

Parana, Brazil. Agricultural Water Management. 52, 177-196. 

[21] Kiniry, J. R., Arnold, J. G. and Xie,Y. (2002) Applications of models with different spatial scales. In: 

Ahuja, L. R., Ma, L., Howell, T. A. (Eds.), Agricultural System Models in Field Research and Technology 

Transfer. Lewis Pub- lishers, Boca Raton, pp. 207-227. 



[22] Kersebaum, K. C., Steidl, J., Bauer, O. and Piorr, H. P. (2003) Modelling scenarios to assess the 

effects of dif- ferent agricultural management and land use options to reduce diffuse nitrogen 

pollution into the river Elbe. Physics and Chemistry of the Earth, 28, 537-545. 

[23] Campbell, C. A., Zentner, R. P. and Steppuhn, H. (1987) Effect of crop rotations and fertilizers on 

moisture con- served and by moisture use by spring wheat in south- western Saskatchewan. 

Canadian Journal of Soil Science, 67, 457-472. 

[24] Campbell, C. A., Zentner, R. P. and Johnson, P. J. (1988) Effect of crop rotation and fertilization on 

the quantita- tive relationship between spring wheat yield and mois- ture use in southwestern 

Saskatchewan. Canadian Journal of Soil Science, 68, 1-16. 

[25] Ayers, K. W., Acton, D. F. and Ellis, J. G. (1985) The soils of the Swift Current Map Area 72J 

Saskatchewan. Sask. Inst. Pedol. Publ. 86. Extension Division, Univer- sity of Saskatchewan, 

Extension publ. 481. 

[26] Canada Soil Survey Committee, Subcommittee on Soil Classification (1978) The Canadian system of 

soil classi- fication. Canada Department of Agriculture, Supply & Services Canada, Ottawa. Ont. Publ. 

1646. 164 pp. 

[27] Pelton, W. L., Campbell, C. A. and Nicholaichuk, W. (1967) The influence of freezing and thawing on 

soil moisture. In: Proceedings Hydrol. Symp. No. 6, Soil Moisture. National Research Council of 

Canada, Ottawa, ON, pp. 241-263. 

[28] Campbell, C. A., Read, D. W. L., Biederbeck, V. O. and Winkleman, G. E. (1983) The first 12 years of a 

long- term crop rotation study in southwestern Saskatchewan - Nitrate-N distribution in a soil and N 

uptake by the plant. Canadian Journal of Soil Science, 63, 563-578. 

[29] Campbell, C. A., Read, D. W. L., Zentner, R. P., Leyshon, A.J. and Ferguson, W.S. (1983) First 12 

years of a long term crop rotation study in southwestern Saskatchewan – yield and quality of grain. 

Canadian Journal of Plant Science, 63, 91-108. 

[30] Campbell, C. A., Zentner, R. P., Selles, F., Biederbeck, V. O., McConkey, B. G., Lemke, R. and Gan, Y.T. 

(2004) Cropping frequency effect on yields of grain, straw, plant N, N balance and annual production 

of spring wheat in the semiarid prairie. Canadian Journal of Plant Science, 84, 487-501. 

[31] Campbell, C. A., Zentner, R. P., Selles, F., Jefferson, P. G., McConkey, B. G. Lemke, R. and Blomert, B. 

J. (2005) Long-term effect of cropping systems and nitrogen and phosphorus fertilizer on production 

and nitrogen econ- omy of grain crops in a Brown Chernozem. Canadian Journal of Plant Science, 85, 

81-93. 

[32] Saskatchewan Soil Testing Laboratory (1990) Nutrient requirements guidelines for field crops in 

Saskatchewan. University of Saskatchewan, Saskatoon, SK., 33 pp. 

[33] Saskatchewan Agriculture (1988) General recommenda- tions for fertilization in Saskatchewan. 

Saskatchewan Agriculture, Soils and Crops Branch, Saskatoon, SK. Adgex 541. 

[34] Campbell, C. A. and Zentner, R. P. (1996) Disposition of nitrogen in the soil-plant system for flax and 

spring wheat-containing rotations in the Brown soil zone. Cana- dian Journal of Plant Science, 76, 

407-412. 

[35] Large, E. C. (1954) Growth stages in cereals-illustration of the Feekes scale. Plant Pathology, 3, 128-

129. 

[36] Ritchie, J. T. (1981) Soil water availability. Plant and Soil, 50, 327-338. 

[37] Campbell, C. A., De Jong, R. and Zentner, R. P. (1984) Effect of cropping, summerfallow and fertilizer 

nitrogen on nitrate-nitrogen lost by leaching on a Brown Cher- nozemic loam. Canadian Journal of 

Soil Science, 64, 61- 74. 

[38] Baier, W. and Robertson, G.W. (1965) Estimation of la- tent evaporation from simple weather 

observations. Ca- nadian Journal of Plant Science, 45, 276-284. 

[39] Baier, W. (1971) Evaluation of latent evaporation esti- mates and their conversion to potential 

evaporation. Ca- nadian Journal of Plant Science, 51, 255-266. 

[40] Akinremi, O. O., Jame, Y. W., Campbell, C. A., Zentner, R. P., Chang, C. and De Jong, R. (2005) 

Evaluation of LEACHMN under dryland conditions. I. Simulation of water and solute transport. 

Canadian Journal of Soil Sci- ence, 85, 223-232. 



[41] Kersebaum, K. C., Wurbs, A., De Jong, R., Campbell, C. A., Yang, J. and Zentner, R. P. (2008) Long-

term simula- tion of soil-crop interactions in semiarid southwestern Saskatchewan, Canada. 

European Journal of Agronomy, 28, 1-12. 

[42] Nielsen, D.C., Vigel, M.F. and Benjamin, J.G. (2006) Forage yield response to water use for dryland 

corn, mille, and triticale in the central Great Plains. Agronomy Journal, 98, 992-998. 

[43] Ritchie, J. T. (1983) Efficient water use in crop produc- tion: discussion on the generality of relations 

between biomass production and evapotranspiration. In: Howard M. Taylor et al., (Eds.) Limitations 

to efficient water use in crop production. American Society of Agronomy, Madison, WI, USA, pp. 29-

44. 

[44] Power, J. F., Grunes, D. L. and Reichmann, G. A. (1961) The influence of phosphorus fertilization and 

moisture on growth and nutrient absorption by spring wheat: I. Plant growth, N uptake and 

moisture use. Soil Science Society of America Proceedings, 25, 207-210. 

[45] Staple, W. J. and Lehane, J. J. (1954) Wheat yield and use of moisture on substations in southern 

Saskatchewan. Canadian Journal of Agricultural Science, 34, 460-468. 

[46] Henry, J. L., Bole, J. B. and McKenzie, R. C. (1986) Effect of nitrogen water interactions on yield and 

quality of wheat in Western Canada. In: Slinkard, A. E., D. B. Fowler, D. B. (Eds.), Wheat production 

in Canada - a re- view. Proceedings Canadian Wheat Production Sympo- sium. 3-5 March 1986, 

Saskatoon, SK, pp. 165-191. 

[47] Nielsen, D. C., Vigel, M. F. and Benjamin, J. G. (2010) Evaluating decision rules for dryland rotation 

crop selec- tion. Field Crops Research, 102, 254-26. 

[48] Li, K. Y., De Jong, R. and Boisvert, J. B. (2001) An ex- ponential root-water-uptake model with water 

stress compensation. Journal of Hydrology, 252, 189-204. 

[49] De Jong Van Lier, Q., Van Dam, J. C., Metselaar, K., De Jong, R. and Duijnisveld, W.H.M. (2008) 

Macroscopic root water uptake distribution using a matric flux poten- tial approach. Vadose Zone 

Journal, 7, 1065-1078. 

[50] Campbell, C. A., Selles, F., Zentner, R. P, De Jong, R., Lemke, R. and Hamel, C. (2006) Nitrate leaching 

in the semiarid prairie, effect of cropping frequency, crop type, and fertilizer after 37 years. Canadian 

Journal of Soil Science, 86, 701-710. 

[51] Campbell, C. A., Zentner, R. P., Basnyat, P., De Jong, R., Lemke, R., Desjardins, R. and Reiter, M. 

(2008) Nitrogen mineralization under summer fallow and continuous wheat in the semiarid Canadian 

prairie. Canadian Journal of Soil Science, 88, 681-696. 

[52] Campbell, C. A., Read, D. W., Winkleman, G. E. and McAndrew, D. W. (1984) First 12 years of a long-

term crop rotation in southwestern Saskatchewan - P distribu- tion in soil and P uptake by the plant. 

Canadian Journal of Soil Science, 64, 125-137. 

[53] Zentner, R. P., Campbell, C. A. and Selles, F. (1993) Build-up in soil available P and yield response of 

spring wheat to seed-placed P in a 24-year study in the Brown Soil zone. Canadian Journal of Soil 

Science, 73, 173- 181. 

[54] Campbell, C. A., Zentner, R. P., Basnyat, P., Wang, H., Selles, F., McConkey, B. G., Gan, Y. T. and 

Cutforth, H. W. (2007) Water use efficiency and water and nitrate dis- tribution in soil in the semiarid 

prairie, effect of crop type over 21 years. Canadian Journal of Plant Science, 87, 815-827. 

[55] Selles, F., Campbell, C. A., Zentner, R. P., James, D. and Basnyat, P. (2007) Withholding phosphorus 

after long- term additions - Soil and responses. Better Crops with Plant Food, 91, 19-21. 

[56] Zentner, R. P. and Campbell, C. A. (1988) First 18 years of a long term crop rotation in southwestern 

Saskatch- wan - yields, grain protein, and economic performance. Canadian Journal of Plant Science, 

 


