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Factors affecting produce yield and quality

• Genetics
• Climate
• Disease
• Pests
• Fertility
• Soil moisture 







Location of soil moisture sensors 
(1 through 10)
Each sensor represents a block of 
soil
Sensor reads soil moisture in % by 
volume (e.g. depth = % soil 
moisture * volume / area)
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Measuring Soil Moisture to Estimate ET
Water use under the bed is the highest
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Surface Irrigation (101) Soil Moisture at 30 minute intervals

1 - 4" bed 2- 4" bed 3 - 4" furrow 4 - 10" bed 5 - 10 " bed

6 - 10" furrow 7 - 22" bed 8 - 22" bed 9 - 22" furrow 10 - 36" bed
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Soil Moisture for Surface Irrigated Field (Onions 2019)

101 South (top) 102 Middle 103 North (bottom)

Soil filling with water, then draining, then ET

Average Daily Soil Moisture for Surface Irrigation



Measuring Soil Moisture to Estimate ET
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Drip Irrigation (203) Soil moisture at 30 minute intervals

1 - 4" bed 2 - 4" bed 3 - 4" furrow 4 - 10" bed 5 - 10" bed

6 - 10" furrow 7 - 22" bed 8 - 22" bed 9 - 22" furrow 10 - 36" bed



Average Daily Soil Moisture for Drip Irrigation
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Soil Moisture for drip Irrigated Field (Onions 2019)
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Soil Moisture Surface Irrigation Sensor 101 (plotted every half-hour for July 2019)

Soil… Slope of transpiration between irrigations (0.18 to 0.20 in/day)

This does not include all evaporation for soil surface



Soil Pore space (conceptual every soil is different)



Soil-Water-Plant Relationships
Classes and Availability of Soil Water

Available
Soil  Water

(ASW)
Capillary Water – Slow drainage 

Gravity Water – Rapid drainageSaturation

Field Capacity (FC)

Permanent Wilting Point (WP)
Hygroscopic Water – No drainage 

Oven dry

WP is a function of  soil texture, crop, ET rate, soil salinity.

50% irrigate guidelineà



A typical soil will have about 
40 percent voids (5 inches 
per foot at saturation)

Field Capacity – about 3.5 to 
4 inches per foot.

Allowable Depletion – about 
2.5 to 3 inches per foot. The 
bank account for shallow 
rooted vegetables is about 1-
1.5 inches

Permanent Wilting Point –
about 2” per foot (specific to 
soils and crops).
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Figure 1.  Soil water content from saturated to dry.  Optimal levels for plant 
growth are between field capacity and allowable depletion.y

Wet

Dry



Soil-Water-Plant Relationships

Available Soil Water-Holding Capacity (Typical)
Soil Texture Available Soil Water

inch/inch inch/foot
Sands and fine sands 0.04 - 0.06 0.5 - 0.7
Very fine sands, loamy sand 0.07 - 0.08 0.8 - 1.0
Sandy Loam 0.1  - 0.13 1.2 - 1.6
Loam, silt loam 0.16 - 0.17 1.8 - 2.1
Silty clay loam 0.16 - 0.17 1.8 - 2.1 
Clay loam, sandy clay loam 0.14 - 0.17 1.7 - 2.1 

The bank account 
for shallow rooted 
vegetables is about 
1 to 1.5 inches. 
Corn, Tomatoes, 
Squash, etc. can be 
higher.



Soil Water by Feel

Sandy clay loam, 
loam, and
Silt loam soils



Sandy loam and
Fine sandy loam soils

Soil Water by Feel
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Soil Water Budget Examples for Deficit  Irr igation Research (no Water Table)
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Onion Yield v. Distance from Inlet
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Field 1 14.6 in. Irr Field 2 19.8 in. Irr Field 3 25.1 in. Irr



NDVI from Sentinel 2 satellite using OneSoil application

Drip Irrigated Field NDVI, August 9, 2019

Inlet



Average Daily Soil Moisture for Drip Irrigation
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Soil Moisture for drip Irrigated Field (Onions 2019)

201 North 202 middle 203 South



NDVI from Sentinel 2 satellite using OneSoil application

Surface Irrigated Field NDVI August 13, 2019

Head Pipe
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Soil Moisture for Surface Irrigated Field (Onions 2019)

101 South (top) 102 Middle 103 North (bottom)

Soil filling with water, then draining, then ET

Average Daily Soil Moisture for Surface Irrigation



NDVI from Sentinel 2 satellite using OneSoil application

Drip Irrigated Field NDVI, August 13, 2020

Inlet



NDVI from Sentinel 2 satellite using OneSoil application

Surface Irrigated Field NDVI August 13, 2020

Head Ditch





Pressure is important to irrigation Uniformity

Pressure 
(psi)

discharge 
(gph)

% of 8 psi 
discharge

% change from 8 
psi discharge

-2 psi 6 0.113 87% -13%
-1 psi 7 0.122 94% -6%
Label 8 0.130 100% 0%
+1 psi 9 0.138 106% 6%
+2 psi 10 0.145 112% 12%
Range 4 0.033 25% 25%

For Comparison Sprinkler Flow Rate v. Pressure

Pressure 
(psi)

discharge 
(gph)

% of 50 psi 
discharge

% change from 
50 psi discharge

-2 psi 48 6.859 98% -2%
-1 psi 49 6.930 99% -1%
Base 50 7.000 100% 0%

+1 psi 51 7.070 101% 1%
+2 psi 52 7.139 102% 2%
Range 4 0.280 4% 4%

Drip Emitter Flow Rate v. Pressure

1 psi = 2.31 feet



Drip Designs I checked were good.  No design is perfect.

5/8” tape Emission Uniformity of 85% 7/8” tape Emission Uniformity of 91%
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Yield sampling of onions



Onion Yield, Count, and Size by Field
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Onion size yield and count by field for two irrigation levels
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Onion Count and Yield
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• Fields 1 and 2 are 2019 
fields– Different varieties, 
planted and harvested on 
different dates.
• Fields 3, 4, 5 and 6 are 2020 

fields – The were all same 
variety (Hamilton), planted 
the same week, and 
harvested about the same 
time.
• Fields 2 and 4 where 

established with drip 
irrigation and surface 
irrigated.



My ideas for your consideration (based on limited observation)
• Onion establishment and high population are needed for good yield.
• Drip irrigation helps provide good establishment

• Surface irrigators do a good job of applying adequate water through 
high application per irrigation
• No observed yield reduction from over-irrigation in the surface irrigated 

fields.

• It is easy to under-irrigate with a drip irrigation system.
• Drip irrigation uniformity, while good can result in under irrigation of 

some or most of the field.
• Monitor your crop in a low water delivery location
• Carefully design your drip irrigation system
• Remember your fertilizer application through the irrigation system is  applied 

the same as the water.



My ideas for your consideration (based on limited observation)

• Apply about 25 inches or more with a drip system during a dry 
summer. 
• Surface irrigators are applying 2 to 3 times more water

• For drip irrigation using 0.13 gph emitters at 12-inch spacing irrigate 
about 16  hours twice each week during June-August (about 2 inches 
per week).
• Monitor your field a locations that receive less water average.
• Use OneSoil Application to check vegetation uniformity.

• The fuel/energy to fully-irrigate with a drip system is only pennies on 
the dollar compared to under-irrigation.
• Yield difference 20,000 to over 30,000 lbs./acre in the same field based on 

irrigation application differences.



Other Consideration
• Some periods are more critical than others
• For high yield reproductive through harvest for fresh vegetables and fruit
• Some stress may be used for quality rather than yield (grapes as an example)

• High fertility = large plants = high water use
• Keep soil moisture high to compensate for high salinity
• Soil moisture and fertility can impact flowering v. vegetation.  



Questions


