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How does irrigation water management 
(IWM) affect downward nitrate movement? 

• Nitrate is water soluble and therefore moves 
downward with irrigation water. 

• Movement below the crop root zone occurs when 
more water is added than can be held in the active 
root zone. 

• Generally this happens when: 
• Irrigation set is too long (irrig > water storage available) 

• Assume root zone can hold more water than really the case 

• Crop irrigated too soon (wetter soil so less WHC) or with 
too much water 
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Therefore, we can minimize potential for deep 
nitrate leaching by careful IWM.   

Choices include water budget, sensors,… 
• Water budget  

excess = (net irrig. + precipitation)– ET- water storage  
available in root zone 

Then determine all factors on RHS of equation and calculate 
maximum irrigation 

 
So, how do we evaluate the factors? 
 pivot irrigation: use system capacity (gpm/ac), application 

efficiency , and sprinkler chart relationship between water 
applied/rev, and time required for 1 rev (e.g. % outer tower 
running) 

 Set system irrigation:  use nozzle size, pressure, application 
efficiency 

  

 

So, how do we evaluate the factors?, cont. 
 

• ET: usually from AgriMet weather data 

• Available water storage remaining in the root zone 
depends on: 
• Soil texture 

• Root zone depth 

• Moisture content 
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Hardpan layer can 
limit root depth 

Soil Properties 
change with  
depth 
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Gravitational Force 

Capillary Forces 

Pore Water 
Water is held in soil pores  
against gravity by: 

•Capillary forces of soil pores 
•osmotic (salt-related) forces in the soil 

Forces Acting on Pore Water 

Water Holding Capacity (also 
known  as Available Water) = 
 
Water held at Field Capacity – 
 Water held at Permanent 
Wilting  Point  
 
e.g.:  WHC or AW = FC-PWP 
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Equipment Used to Determine Field Capacity (5 psi) and 
Wilting Point (225 psi) 

Field Capacity: Water held long-term in soil pores after free drainage 
(1-2 d after irrigation for sands & gravels, 2-3 d for silt loam or clay) 
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Wilting Point: soil is so dry plant can’t extract water fast enough so the 
plant wilts and cannot recover when water is added 
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Sand Loam Silt Loam Clay 

Avg. Water Holding 

Capacity (in/ft) 1.0 1.7 2.1-2.4 2.2 

Moisture Content 

(% depleted) 
Soil Depth (inches) 

25 48 28 20 22 

35 34 20 14 16 

50 24 14 10 11 

75 16 9 7 7 

100 12 7 5 5 

Depth Penetrated by a 1-inch Net Water Application (assuming  
uniform soil properties and uniform initial soil moisture with depth) 

Therefore, we can minimize potential for 
deep nitrate leaching by careful IWM 

 
• Soil Moisture Sensing 

• Place sensors in an area characteristic of the field, or use 
multiple sets for different soil characteristics 

• Place 1 or 2 sensors in the active root zone (maybe 1/3 
and 2/3 of final depth) 
• Irrigate to keep sensors “between the lines” e.g between 

field capacity and initiation of stress 

• Place one sensor at the bottom of the mature crop root 
zone 
• If readings indicate increasing soil moisture, cut back on 

irrigation 
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Osgood W, looking NW 
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Ririe E 
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Conclusions 

• “good”  irrigation water management can reduce 
nitrate movement toward groundwater and will 
reduce demand on aquifer 

• However, it reduces groundwater recharge due to 
irrigation 

• Periodic “leaching” irrigation will be required to 
flush salts from irrigation -  do during fall when less 
N in root zone 

• Recharge of “clean” water best done in recharge 
projects 

The End -- Questions? 
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Electron Micrograph of Clay Particle 
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Clay Particles can “Stack” like a Brick Wall, Creating 
very Small Pores 

Silt Particles Pack to Form Larger Pores, Which Accept and 
Give Back Water Easier 
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Silt Loam Soil, Usable Water = About 1-1.25 
inch/foot soil depth 

Sandy Soil, Usable Water = About 0.5 inch/foot soil depth 
Sandy loam, Usable water = About 0.8 inch/foot 
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Field Capacity 

• Water content of soil after thorough wetting and 
drainage rate due to gravity becomes small 

• An estimate of the upper limit of AW (available 
water) that may be stored in the soil for plant use 

• Typically 0.1 atmospheres (about 1.5 psi tension for 
sandy soils 

• Typically 0.3 atmospheres (about 5 psi tension) for 
silt loams 

Permanent Wilting Point 

• Water stored in thin, discontinuous films around 
soil particles 

• Tension required to remove this water is about 15 
atmospheres (about 220 psi tension) 

• Plants wilt during day, cannot absorb water fast 
enough to regain turgidity over night – then die 
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For good irrigation water management we 
need to know: 

• How much water can the root zone hold for crop use? 
• Water holding capacity 

• Allowable plant water stress (MAD) 

• How much water we can apply per irrigation ? 
• To re-fill set systems 

• To limit runoff on pivots or linears 

• Daily crop water use and variability in water use 

• How much water does our system apply? 

 

USDA Soil Textural Classification Chart 

15 
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MAD = 50% for Alfalfa, Grain and Corn 

Crop Growth vs Soil Water Stress 

saturation dry 

Neibling, 1998 
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Readily Available Water (RAW) 

• Varies with soil texture 

• For forages and grain is equal to ½ of difference 
between field capacity and permanent wilting 
point 

• Sands: about 0.5 inch/foot 

• Sandy loams: about 0.8 inch/foot 

• Silt loams: about 1-1.25 inch/foot 

• Clays: about 1 inch/foot 


