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C L I M A T E

Temperature
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Precipitation & Windspeed
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Precipitation & Windspeed
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C L I M A T E

ETo from daily air temperature, humidity, wind speed, and solar radiation. 

9¢є ƛǎ ǘƘŜ ŎƭƛƳŀǘŜ-driven 
"demand" side of the irrigation 
equation, and how you calculate 
it depends on what your 
weather station actually 
measures. 
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ETo from daily air temperature, humidity, wind speed, and solar radiation. 
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Soil water holding capacity

USDA texture classes

ωParticle size decides pore size τ and pore size decides how water 

moves and is held.

ω{ŀƴŘΥ ƭŀǊƎŜ ǇƻǊŜǎ Ҧ ŘǊŀƛƴǎ ŦŀǎǘΣ ƭƻǿ ǎǘƻǊŀƎŜΣ ƘƛƎƘ ƛƴŦƛƭǘǊŀǘƛƻƴΦ

ω/ƭŀȅΥ ǘƛƴȅ ǇƻǊŜǎ Ҧ ƘƻƭŘǎ ǘƛƎƘǘƭȅΣ ǎƭƻǿ ƛƴǘŀƪŜΣ ƳǳŎƘ ǿŀǘŜǊ ƭƻŎƪŜŘ ŦǊƻƳ 

roots.

ωLoam / silt loam: the balance τ large usable reservoir.
Soil Moisture & Irrigation
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Texture sets the rules

USDA texture classes

ωParticle size decides pore size τ and pore size decides how water 

moves and is held.

ω{ŀƴŘΥ ƭŀǊƎŜ ǇƻǊŜǎ Ҧ ŘǊŀƛƴǎ ŦŀǎǘΣ ƭƻǿ ǎǘƻǊŀƎŜΣ ƘƛƎƘ ƛƴŦƛƭǘǊŀǘƛƻƴΦ

ω/ƭŀȅΥ ǘƛƴȅ ǇƻǊŜǎ Ҧ ƘƻƭŘǎ ǘƛƎƘǘƭȅΣ ǎƭƻǿ ƛƴǘŀƪŜΣ ƳǳŎƘ ǿŀǘŜǊ ƭƻŎƪŜŘ 

from roots.

ωLoam / silt loam: the balance τ large usable reservoir. 

Soil Moisture & Irrigation
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How soil holds ɂ and releases ɂ water

From saturated, to drained (field capacity), to wilting

Plant -available water
Ґ ʻόŦƛŜƭŘ ŎŀǇŀŎƛǘȅύ ҍ ʻόǿƛƭǘƛƴƎ Ǉƻƛƴǘύ

ωAbove field capacity, gravity drains water away 

within a day or two.

ωBelow wilting point, water is held so tightly roots 

cannot extract it.

ωThe band between is the reservoir you manage 

with irrigation.

Soil Moisture & Irrigation
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Available water differs by soil type

Silt & loam win

ωLargest plant-available reservoir per 

metre of soil.

Sand = small store

ωLittle & often: small doses, short 

intervals, watch leaching.

Clay can mislead

ωHigh total water, but much is locked 

below wilting point.
Soil Moisture & Irrigation
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How fast water enters the soil

Match rate to intake.  If you apply faster 

than the soil absorbs, water ponds and 

runs off τ the clay trap. Keep application 

rate at or below the basic infiltration rate.
Soil Moisture & Irrigation
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The pF Curve
Soil & substrate water retention τ and irrigation

Ð&  Ѐ  ÌÏÇϛϚ ȿÈȿ
the suction τ in cm water column τ a root must beat 
to pull water out of the pores

FIELD CAPACITY   pF 2.0  ·  100 cm  ·  ~10 kPa

After gravity drainage τ the wettest useful state

WILTING POINT   pF 4.2  ·  15 000 cm  ·  15 bar

Roots can no longer extract water τ plant wilts

PLANT-AVAILABLE WATER   ʻόC/ύ ҍ ʻόt²tύ

The reservoir you actually irrigate to refill

The characteristic curve: water content falls as suction (pF) risesThe pF Curve   ·   soil & substrate water retention
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The pF Curve
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Putting the pF curve to work in irrigation

Irrigate within a band: refill before stress, target field capacity

Read it in the field
A tensiometer measures suction directly 
τ the live pF of the rootzone. 
Trigger irrigation at a set tension; the 
curve converts it to a water deficit.

Typical start-irrigation thresholds

System / crop Refill at

Sandy field soil pF 2.3 · ~20 kPa

Loam / clay loam pF 2.5ς2.7 · 30ς50 kPa

Blueberry in coco substrate pF 1.7ς2.0 · 5ς10 kPa

Rose / pot crop (substrate) pF 1.8ς2.1 · 6ς12 kPa
The pF Curve   ·   soil & substrate water retention
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How roots draw on the reservoir

ωMost water comes from the upper 

root zone.

ωRooting depth × available water = 

the usable store.

ωDeeper roots = larger buffer 

between irrigations.

ωKeep the active zone in the easy 

range τ don't push to wilting.

Soil Moisture & Irrigation
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How roots draw on the reservoir
S O I L

Figure 1 - Root depth and growth of vegetables
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Water holding capacity 
and organic matter

Soil type Bulk density (t/m³)
Extra water with +1% 

OM
Converted

Sand, light 1.6 t/m³ 240,000 L/ha 24.0 mm

Sandy loam 1.5 t/m³ 225,000 L/ha 22.5 mm

Loam 1.4 t/m³ 210,000 L/ha 21.0 mm

Clay 1.3 t/m³ 195,000 L/ha 19.5 mm

Peat / organic, high 
bulk density

0.7 t/m³ 105,000 L/ha 10.5 mm

Water Uptake with +1% Organic Matter
Result per soil type (0ς30 cm, per hectare)
Typical bulk densities; your plot may vary slightly.

S O I L
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I R R I G A T I O N

Importance of irrigation 
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Importance of irrigation
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I R R I G A T I O N

Importance of irrigation
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I R R I G A T I O N

When and how much to irrigate
WHEN

ωAt the refill point τ the Management 

Allowed Depletion (often ~50% of 
available water).

HOW MUCH

ωEnough to refill the root zone back to 

field capacity.

NET DEPTH

ωҒ ŀǾŀƛƭŀōƭŜ ǿŀǘŜǊ × MAD × root depth, 

adjusted for system efficiency.

Soil Moisture & Irrigation
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E V A P O R A T I O N  -  T R A N S P I R A T I O N

Plant water uptake
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Sprinkler Overhead
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Sprinkler irrigation
Wets a broad area like rainfall, from overhead nozzles under 
pressure.

Strengths

ωEven coverage over whole field

ωGood for closely-spaced crops
ωCan cool / frost-protect

Watch-outs

ωWind & evaporation losses

ω²Ŝǘ ŦƻƭƛŀƎŜ Ҧ ŘƛǎŜŀǎŜ Ǌƛǎƪ
ωKeep rate below clay's intake

Soil Moisture & Irrigation
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Drip irrigation

Best for  high-value, row & substrate crops, saline water and uneven 
terrain.

Wetting bulb shape depends on soil type

ω{ŀƴŘΥ ŘŜŜǇΣ ƴŀǊǊƻǿ ōǳƭō Ҧ ǎǇŀŎŜ ŜƳƛǘǘŜǊǎ ŎƭƻǎŜǊΦ

ω/ƭŀȅΥ ǿƛŘŜΣ ǎƘŀƭƭƻǿ ōǳƭō Ҧ ŜƳƛǘǘŜǊǎ Ŏŀƴ ǎƛǘ ŦŀǊǘƘŜǊ ŀǇŀǊǘΦ

ωtƛƴǇƻƛƴǘ ŘŜƭƛǾŜǊȅ Ҧ ƘƛƎƘŜǎǘ ŜŦŦƛŎƛŜƴŎȅΣ ŘǊȅ ƛƴǘŜǊ-rows, less disease.

Soil Moisture & Irrigation
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Surface Drip
Surface drip lines are placed on the soil surface or suspended 10 to 30 cm above it along each 
plant row. Two configurations are common: a single lateral per row, sometimes with two 
emitters per plant, or a double lateral arrangement (one on each side of the trunk) used 
principally in young high-density plantings. 

Surface drip systems are inexpensive to install (typically 2,500 to 4,000 USD/ha for materials in 
2023 Ukrainian conditions), simple to inspect and maintain, and easy to retrofit . The 
disadvantages are exposure of laterals to mechanical damage (from cultivation, mowing, and 
wildlife τ particularly hares in winter), exposure to UV degradation (rated working lives of 
modern surface drip lines are 7 to 12 years), and concentration of root systems near the surface, 
which can increase frost susceptibility.


