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The unsaturated condition of soil water is a major state in nature after irrigation process or rain fall. The effects of the unsaturated flow of water on minimizing the moisture gradients within the root zone are worthy of further investigation. The drainable and capillary pores are the main factors that affect water movement from a wet point to a dry one depending on moisture gradients. The vertical and lateral flow of water by gravitational forces occur through the large, non-capillary drainable soil pores, while redistribution and upward movement of water occur through capillary soil pores. The ability of pores to conduct water is controlled by soil pore volume, size, shape, type, continuity, and distribution in soil. The soil pore sizes could be classified into non-capillary pores, coarse capillary pores and fine capillary pores (FCP). The non-capillary pores represent the volume of the large pores or rapidly drainable pores (RDP), while the coarse capillary pores (CCP) represent the slowly drainable pores (SDP) and water holding pores (WHP). The pressure head that is corresponding to the cutoff between capillary and non-capillary pores could be specified as h=10 kPa. Quantifying unsaturated water flow into soil pores requires knowledge of hydraulic conductivity K(θ) and soil water retention h(θ). It would be advantageous to estimate unsaturated conductivity function from the retention curve without the need for any further measurements. 	
The aim of this study was to propose equations to predict unsaturated hydraulic conductivity K(θ)[LT-1], water diffusivity D(θ) [L2T-1] and intrinsic permeability, k [L2] in plant-root zone. Three agricultural (alluvial clay) soils located at middle and northern Nile Delta were used to apply the assumed equations. Two soils were planted with cotton yield during 2014 season and the third was uncultivated. The soil profiles were different in their salinity, clay % and source of irrigation water. The equations which assumed to predict soil water movement parameters considered only the matric potential as a driving force in capillary pores, and gravitational potential that is critical for the large, non-capillary pores. New equation for predicting so called potential conductivity of soil pores Kp(θ) [M L-1T-3] (erg. cm-3.sec-1 or joule. m-3 sec-1) was derived in vadose zone. Data of pore size distribution were obtained for the investigated soil profiles using water retention data. The calculated K(θ), D(θ) and k values were conformable to the common measured ranges, indicating the applicability of the proposed equations for predicting water movement parameters in clay soils. 
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