Water balance
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R + I + CR = P + OF + ETa + ((
WATER INPUT:

R = rainfall; I = irrigation; CR = capillary rise

WATER OUTPUT:

P = percolation; OF = overland flow; ETa = actual evapotranspiration; (( = change in soil water content

- equation looks deceptively simple, but in practice, the individual components can be difficult to determine/measure

- can use some assumptions:

1)
no irrigation supplied, so I = 0

2)
deep water table (> 1 m deep), so CR = 0

3)
flat, levelled land, so OF = 0

- therefore water balance equation becomes:

R  = P + ETa + ((
or

((  =R - P - ETa
Percolation (P)
- drainage (loss) of water from a soil layer/zone

- consists of two components:

· percolation due to excess water pe
· percolation due to redistribution pd
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- Excess water percolates below if the amount of water in soil and amount of water (due to rainfall R) received exceed the soil saturation level:
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- Redistribution occurs due to gravity and matric potential, as defined by Darcy’s Law:
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- If the depth difference between two soil layers is z, then Hg = z, and
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- Assuming uniformly wetted soil means no differences in matric potential any where in that soil layer, so 
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Eq. (1)
   where water flux depends only on the soil’s hydraulic conductivity.

- From the law of conservation of mass:
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- If we take the soil layer thickness as L, then
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Eq. (2)
- From Eq. (1), q = K, so
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  so
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Eq. (3)
- K depends on soil water content

- K increases with increasing water content until soil saturation, or
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- K depends on soil water content according to this relationship:
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   where ( is 13-16 for most soils. Substituting into Eq. (3) and solving it results in
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- The above equation gives the amount of water in the soil at time t2.

- Therefore, percolation due to redistribution is

(t2 - (t1  =R – (pe + pd)
pd  = (t2 - (t1 - R + pe
- (t2 is now available for evapotranspiration ETa
Evapotranspiration (ET)
- ET is the loss of water by evaporation from both the soil and plant (evaporation + transpiration)
- ET depends on several factors: solar radiation, air temperature, air vapour pressure, wind speed and surface area.
- Potential ET (PET) is the maximum rate of ET given the current conditions. PET is not a constant value but varies with field conditions: it is the rate of water loss if water supply is not limiting.
- But often water supply is limited, so water loss is often smaller than PET. The rate at which water is being lost is known as actual ET (AET).

- AET ( PET, depending on amount of available water.

- Plants can control their transpiration. Maximum transpiration occurs when water is adequate and stomata is opened at maximum exposure.

- But during water stress, stomata opening reduces (and could close completely), so transpiration is reduced, and AET < PET.

- Plants can conserve water by reducing openings of their stomata but by reducing the stomata openings, they reduce photosynthesis. Less food means poor growth and yield. Prolonged water stress could result in plant death.

Potential ET

- Water loss by evaporation can be determined by determining the flow of latent heat (LH). LH is the amount of energy required to break bonds to change the liquid phase of water into vapour (gas) phase.

- LH does not results in change in air temperature. All the energy is used to break bonds only. LH cannot be “sensed”; it is latent.
- Sensible heat (SH) is the energy to raise air temperature which we can “sense”.
- Penman-Monteith equation most widely used to determine PET – uses the electrical resistance network analogy
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- H is sensible heat flux density (W m-2); (ET is latent heat flux density (W m-2); ( is known as the latent heat of vapourization of water (amount of energy to evaporate a unit weight of water; 2454000 J kg-1).

- ra – aerodynamic resistance; rc surface resistance

- er and e0– vapour pressure at reference height and surface, respectively

- Tr and T0– temperature at reference height and surface, respectively

- Heat flows (@ current) because it is driven by a potential difference but the flow it resisted by resistances.

- H flows because of temperature difference (potential difference) but it is resisted by ra
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   where (cp is the volumetric heat capacity (amount of heat required to raise the temperature of a unit volume of air by one unit; 1221.09 J m-3 K-1).
- (ET flows because of vapour pressure difference (potential difference) but it is resisted by rc and ra
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   where ( is the psychometric constant (0.658 mbar K-1).

- LH has an additional resistance rc because water vapour exits the stomata.

- If from bare soil, rc is the soil surface resistance.

- To convert (ET (W m-2) to ET (mm day-1): Watts is J s-1
Example:

120 W m-2 to ? mm day-1
= 120 / ( = 120 / 2454000 = 4.9 x 10-5 kg m-2 s-1
= 4.9 x 10-5 x 60 x 60 x 24 = 4.2336 kg m-2 day-1
= 4.2336 mm day-1
Actual ET
- When water is limiting, evapotranspiration is not at maximum but is reduced to a rate known as actual ET.
- PET is reduced by a reduction factor:
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   where RD is from 0 (completely no available water) to 1 (sufficient water)
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- Relative water content is
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- Plant cannot use the water below the soil wilting point level

- most agricultural crops are C3 plants; only three are C4: sugar cane, maize and sorghum.

- C3 plants photosynthesize to produce a 3-C compound (3-phosphoglyceric acid) and C4 a 4-carbon compound (oxaloacetic acid). C4 are more efficient in using water and solar radiation to convert into biomass.

- Critical water point for C3 and C4 plants are 50% and 30% of relative water content, respectively. C4 more efficient in using water.
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