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- Africa grabs the most land and water
- Europe grabs the least land and water

- Indonesia grabs most water that is all green
water

- Sudan grabs most blue water

The Relationship between Climate Change and Food Production:

- Depress yields and increase production risks in many areas
- Increasing aridity, more unpredictable weather patterns
- Increased precipitation and temperature may lead to increase pest and disease pressure on crops and livestock
- There may be some benefits from increased temperatures, more water and a longer growing season
- Even increasing atmospheric Co2 could have yield benefits
- Cereal production depending on the scenario considered may vary between ~ 5 percent and +3 percent
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Texture’s Critical p Score

Lecture 9: SOIL PHYSICAL SUPPORT
SOIL POROSITY:

Sand:30%
Large Pores

- Transmit waters quickly

Clay: 50%
Range of Pores

- The range of pores allows it to hold more water
than sand

Pore Space Relations: Study of Volume relationships of the three phases
- Volume fraction of a phase is necessary to study in order to understand the relationship between phases
- Definition of Volume Fraction : Volume occupied by the phase expressed as a proportion of the total volume

Pore Space Relationship - The volume fraction of phase phase is given with
the symbol and a subscripted phase descriptor

Phase descriptors are s, l, g ( solid,
liquid, gas)

Volume Fraction of Solid

Porosity : Volume fraction of Pores

Volume fraction of liquid : When given p and w, can be calculated
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Global Impact:

Soils are the largest source of N2O ( potent greenhouse gas)
- N2O: global warming potential 300 times larger than for CO2
- Emissions strongly enhanced by inorganic fertilizer application

There is N loss through ammonia volatilisation because NH3 volatilisation increases with temperature or high pH
- Temperatures and pH can increase from animal excrements and urea fertilizer

N loss through leaching from soil:
- Texture important for leaching of nitrates ( while ammonium is held on the CEC of the soil)

- Nitrate is weakly held by soils and does not react to form new solids
- Nitrate is not held by oxide surfaces
- Nitrate can be lost in soil if it is not taken up

Eutrophication:
- Nutrient runoff into water spaces that cause algal blooms leading to dead zones in the ecosystem.

To control N Loss:
- Slow release fertilisers

- N dissolved in moist soil more slowly  (weeks to months) compared to standard
inorganic fertilizers so that N supply is synchronized with plant  uptake and
avoids excessive N loss

- Urease inhibitors
- Urea in soils is hydrolyzed to ammonium with the urease enzyme and can slow

hydrolysis and prevent N loss through ammonia volatilisation ( high pH )
- Nitrification inhibitors

- Compounds which inhibit nitrosomonas bacteria, slowing the first step of
nitrification and reducing loss of N as NO3- through leaching.

- Expensive
- There are already some biological inhibitors on nitrification
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Week 7:  Soil stores, Transmit & Supply water

Lecture 18:
SOIL WATER STORES, TRANSMIT, & SUPPLY

Hydrological Cycle: Water in world’s soil: 0.001%
- Soil stores lots of water
- Soil is never without water

Climate Change:
Managing water: 1. Breeding for drought

2. Conservation agriculture
a. Example: Reduced Tillage → Increased SOM → Better structure → Increased

infiltration & Soil water → Drought Resistant
b. Minimum mechanical soil disturbance
c. Permanent soil cover
d. Diverse crop & pasture service

3. Seasonal climate forecasting
4. Soil Water Management

a. How much water the soil can store

SOIL WATER as a
measure
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Effect of Structure:

Effect of macropores: Flow rate= (pore radius)^2
- Big pores will contribute most to water flow = Preferential flow
- Cracking clay soils: Vertisols

- Cracks can enhance transport of chemicals into groundwater

Drip & Flood Irrigation: - Irrigation minimizes run off
- Drip irrigation works on irrigating well below k
- Clay’s k is so small, flood irrigation can be used on them

Soil Evaporation:

Measuring Soil Evaporation: Evaporation:
- Rainfall in combination with antecedent soil water and soil cover,

controls evaporation rates
- Wet soil = High evaporation rates
- Dry soil = Low evaporation rates

Water dam:

Prevention of evaporation in water dam: Distributed cases are more successful in preventing evaporation
- India: Minister’s plan to cover a dam in polystyrene

- California: Reservoirs with shade balls
- Australia: Ag-Floats
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2. Measuring Streamflow: A lot of hydrology relies on the assumption that we can accurately measure streamflow
- Height of water is measure instead of volume:

Assumptions:

c. Travel time is a function of slope and distance
d. S is slope, L is travel “length”

i. Divide catchment into areas with different distance to outlet
ii. Multiply ara by rainfall depth

iii. Arrive at the outlet at different times
Assuming that the velocity is a function of the square root of slope

Streamflow measurement:
Velocity Area Method

- Velocity measured at several points
- Cross section calculated
- Discharge (Q) calculated by summing area A x velocity for all n strips

Manning’s Equation: In areas where you are are unable to take sufficient measurements such as large rivers
or remote areas, Manning’s equation allows an approximation of the flow volume
using hydraulic principles

- Assuming uniform flow
- Relationship between slope and the area through which the water flows

Simple Approaches to runoff calculations:

Runoff Ratio, Rainfall-runoff
coefficient

Assumes a constant fraction of rainfall becomes streamflow

Curve Number Takes into account some soils and land use effects
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- Increased internal processing ( nutrients organic matter)
- Increased influence of groundwater inputs (salinity, nitrate)
- Retention of carbon and nutrients in soil

Eutrophication and
blue green algae:

- In stream processes which is the enrichment of water with nutrients, often linked to sediment
( high turbidity)

- Blue green algae is a common name for a range of different species which is Cyanobacteria
- Blooms occur in high temperature and at high conc. Is toxic
- Australia had a bloom in Darling river in 1991

Causes of algal blooms: - Not easy to link because algae blooms can be from different species and spatially and
temporally quite variable

- Low flow, high turbidity, increased salinity ( up to a threshold), high temperature, high
nutrients, stratification of the water column ( separation of warm and cold water and limited
mixing)

- Menindee
- Cyanobacteria boomed out of control, cold killed the algal bloom, bacteria that

feeds on dying algae exploded and sucked all oxygen and killed fish

EFFECT Dangerous or Toxic:
- Risk is toxicity x exposure
- Toxicity is defined by lab studies on animals/insects/fish

- D50 or D10 levels/threshold at which 50% or 10% has died
- Humans have a stricter threshold

- Concentration is usually linked to toxicity but Load ( concentration x volume) can better
define exposure

= Load and concentration threshold is needed

Guidelines:

Water Quality Guidelines: Sustainable use of nation’s water resources by protecting and enhancing their quality while
maintaining economic and social development, quality is defined by guidelines

Development of guidelines: Pre 1992 → 1992 ANZECC Guidelines →  2000 ANZECC Guidelines include more detail in
ecosystems and also defines more specific regions → 2018 Water Quality Guidelines Australia ( More negotiated outcomes than
specific trigger values)

Guidelines define trigger values for each ecosystem
- Disadvantages of triggers and ecosystems:

- Variability
- Rigid
- Values aren’t ‘ fit for purpose ‘. Eg. What is water used for
- Not completely science backed

Water Guidelines of
Australia (2018):

Water Guidelines of Australia (2018):
1. Examine current understanding
2. Define community values and management goals
3. Define relevant indicators
4. Determine water/sediment quality guideline values
5. Define draft water/sediment quality objectives
6. Assess if draft water/sediment quality  objectives are met
7. Consider additional indicators or refine water/sediment quality objectives
8. Consider alternative management strategies
9. Assess if water/sediment quality objectives are achievable
10. Implement agreed management strategy

NOTES:
- Focus on science for developing local guidelines
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