Crop plant canopies
Crop plant canopies play significant roles in the soil-plant-water relations in a particular crop system. These are often discussed with regards to the soil-plant-atmosphere continuum (SPAC), the pathway of water movement from soil, through plant and to the atmosphere. It is influenced by the physics of soil in terms of water potential and hydraulic pressures, crop plant physiology in terms of roots, xylem and leaves and diffusion-pressure deficit (DPD), and meteorological factors such as solar radiation (heat and temperature) and atmospheric water (vapour pressure and relative humidity) (Philip, 1966). Although transpiration is the cause of water loss in plants, its vital role in water and nutrients uptake has been evident. In the following contexts, the SPAC is described based on two levels of crop plant system, below-ground canopy and above-ground canopy, their physiology, and their ambient environment of soil and atmosphere.
Water potential
Before understanding how water is drawn and moves, it is important to first understand the concept of water potential (?w) and DPD. All liquids possess a pressure called diffusion pressure (DP). This determines the net movement of liquid from one medium to another (e.g. cell to cell). A pure solvent has maximum DP (DP can be reduced with the addition of solute). When the DP of a solution is lower than its solvent, there is a pressure called the DPD (Studentsguide.in, n.d.[1]). An equivalent explanation to DPD is ?w, which appears to be lowered upon addition of solutes - increase in DP increases ?w. The components affecting ?w are osmotic/solute potential (?s) and matric/capillary potential (?m) (both usually negative), turgor/pressure potential ?p (positive) and gravitational potential (?g). Hence, water potential can be expressed as

?w = ?s + ?m + ?p + ?g (Kramer, 1974; Kirkham, 2005, p. 57).

Water uptake: Active absorption and passive absorption

Plant can absorb water from the surrounding soil actively and passively. Active absorption (low/no magnitude) relates to minerals and ions that are actively transported into roots and to metabolic activity of roots, with the use of ATP energy. As a result, osmotic pressure is created in the xylem sap; water enters, creating a pressure known as root pressure (positive hydrostatic pressure) (Stocking, as cited in Studentsguide.in, n.d.). Passive absorption (high magnitude) relates to rapid water uptake due to transpiration. Evaporation of water from leaf cells causes their water potential to drop, resulting in water movement from xylem into these cells. Xylem sap then experience reduction in water potential that is eventually transmitted to roots and creating a water potential gradient across the plant. As a result, water deficit occurs and water is drawn from the soil (Begg & Turner, 1976; Kramer, 1974). A tension or transpiration pull (negative hydrostatic pressure) is said to be exerted throughout the xylem. This massive force with addition of cohesion force between water molecules ensures the continuity of water column in xylem elements - the cohesion theory.
The soil and below-ground canopy
Water and nutrients store for crop plants are found in the soil. Water is held in soil pores because of attraction to surfaces (adhesion) and capillarity (Kirkham, 2005, p. 75). The soil confers a considerable amount of resistance to water flow due to these forces and water potential in it. However, Kramer and Boyer (as cited in Ruggiero et al., 2003) confirmed the negligibility of soil resistance under sufficient soil moisture.

Roots are so important to trees that 24 to 66% of the assimilated carbon in forest crops is used for underground growth (Cannell, as cited in Oren & Sheriff, 1995). Water uptake is affected by the root number and root distribution as related to soil moisture distribution and leaf hydraulic permeability (Oren & Sheriff, 1995). The number of roots, being the main component of plant below-ground canopy, is important as to determine the surface area available in contact with soil water. Root distribution indicates the level of penetration in the soil in any direction to acquire diminishing sources of water and nutrients. Resource acquisition by the underground canopy is essential to compensate or to provide for the demand caused by water and nutrients used/lost in the above-ground canopy.

Water is taken by roots from the soil by mass flow and by diffusion (Oren & Sheriff, 1995). Mass flow contributes most to water uptake (more and faster) while diffusion is minor (little and slower). Before entering the root xylem, water travels laterally from root hairs (epidermal extension of roots) through cortex, endodermis and stele. This radial flow across root cortex takes place in three pathways: (1) apoplastic pathway - water passes through continuum of cell walls until endodermis where it then passes through the protoplast of endodermis due to the presence of impermeable Casparian strip around the endodermal layer; (2) symplast - water passes from cell to cell cytoplasm through plasmodesmata; and (3) vacuolar pathway - water passes from vacuole to vacuole, crossing cell wall, plasmalemma, cytoplasm and tonoplast of adjacent cells (Kolek & Kozinka, 1992, pp. 142-143; Newman, 1976).

In the radial pathways there are resistances limiting the root hydraulic conductivity. In the vacuolar pathway, the resistance is great in order to keep the flow rates so that the differences between root cells would not have to be big (Weatherly, as cited in Kolek & Kozinka, 1992, p. 143). The resistance is largely the effect of cell permeability. Because water enters and leaves each cell, it crosses the resistance twice (Briggs, as cited in Kolek & Kozinka, 1992, p. 144).

In the symplastic pathway, two types of resistances are crossed: (1) that of plasmalemma when entering rhizodermal (epidermis developing into root hairs) and when leaving stele parenchyma cells, and (2) that of plasmodesmata due to its structure/size and viscosity (assumed to be ten times higher than pure water) of fluid passing it.

In the apoplastic pathway, the chemical composition (lipophilic and aromatic compounds) of endodermis and hypodermis (the outermost cell layer of cortex, inside epidermis) as well as thicker cell layer and cell wall formation contributes to resistances to water movement (Ruggiero et al., 2003).
Above-ground canopy and the atmosphere
Besides roots, water uptake is also affected by the hydraulic permeability of foliage (Oren & Sheriff, 1995). This mainly affects the rate of water loss by diffusion in the above-ground canopy, which is also dependent on leaf water potential and vapour-pressure deficits (VPD). Difference of water potential in leaf mesophylls, air spaces in leaf and atmosphere (in most cases ?mesophyll > ?air spaces > ?atmosphere) creates a water potential gradient or VPD. Vapour pressure is higher in mesophylls than in ambient air. Consequently, water diffuses out of leaves in gaseous form (vapour) via stomata and in aqueous form via cuticle - permeability of stomatal or non-stomatal surfaces to aqueous form of diffusion is dependent on species (Kannan; Riederer, as cited in Oren & Sheriff, 1995).

Transpiration, as described above, is directly influenced by environmental conditions such as solar radiation, relative air humidity, wind and atmospheric pressure. Heat and temperature from solar radiation contributes to evaporation of moisture from crop plant surfaces, namely leaves. Temperature is positively correlated with light intensity but negatively correlated to transpiration (Pallas et al., 1967). Also dependent on time and space, atmospheric humidity differs from time to time (e.g. day and night) and from location to location (e.g. coast and desert). It is higher at night or in coastal regions, resulting in lower transpiration rate than during the day or in desert. Besides temperature, increasing irradiance causes a rise in the transpiration rate. This is related to higher photosynthetic rate, which causes more stomata opening to allow diffusion of water out of leaves. Another factor is wind - higher transpiration rate is known around wind compared to still air because of replacement of humid air by drier air. Lower atmospheric pressure also lead to greater transpiration rate as the boundary layer around leaf confers less resistance to vapour movement out of leaf.

Apart from leaf hydraulic permeability and environmental factors affecting transpiration, xylem too, has resistance to water movement axially. The pathway is constrained by the structure of xylem elements such as pit size of tracheids and diameter of vessel elements. However, these axial resistances and soil resistance are less significant compared to the root radial resistances (Ruggiero et al., 2003). Total resistance is higher with greater root area. The total resistance to water flow is approximated from the equation

Q = ??/(Rs + Rp),

where Q is the total resistance, ?? is the water potential gradient from foliage to soil, Rs is the soil resistance and Rp is the plant resistance (Ruggiero et al., 2003). In SPAC, the total hydraulic resistance is dominated by plant resistance when soil is moist (Sperry et al., 2003). Nevertheless, transpiration is able to counter the total resistance to draw water upward. Moreover, Ruggiero et al. (2003) demonstrated that increasing transpiration flux reduces the total resistance to water movement.

In conclusion, SPAC forms a continuity of water movement from soil to atmosphere through plants. Water is absorbed in the aqueous phase and released mostly in the gaseous phase. This is coupled with the effect of transpiration pull in major and root pressure in some cases. Water potential gradient created as a result of DPD and VPD (changes in ?s, ?m, ?p and ?g) - highest potential in soil and lowest in atmosphere. There are several resistances to water pathways in soil such as water-soil particle adhesion and low soil moisture and in plant such as root radial resistances, xylem axial resistances and leaf hydraulic permeability. These contribute to total resistance to water movement that can be overcome and reduced by increasing transpiration flux.
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