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• SOIL HEALTH- WHAT IS IT, AND WHY SHOULD I CARE?

• BENEFITS OF IRRIGATION WATER MANAGEMENT 

• CO-MANAGING NITROGEN AND WATER

• IRRIGATION WATER MANAGEMENT TECHNOLOGY 

AND TECHNIQUES

• CHALLENGES AND ASSISTANCE AVAILABLE



WHAT IS SOIL HEALTH?

…THE CONTINUED CAPACITY OF SOIL TO FUNCTION AS A VITAL 

LIVING ECOSYSTEM THAT SUSTAINS PLANTS, ANIMALS, AND HUMANS. 



Organic Matter Added To Soil
Primary Effects

OM as food 
source for soil 

fauna increases 
microbial 

diversity and 
activity

If as mulch –
protect soil 
from solar 

energy and rain 
drops

Coarse OM 
loosens soil, 

provides 
macropores & 

channels

Secondary Effects

Enhanced 
microbial 

functions such as 
N fixation, 

decomposition

Production of 
humic substances

Production of 
polysaccharides 

and other 
nonhumic

compounds

Subsequent Effects

Increased
• Buffering capacity
• Water holding capacity
• Available water 
• Pests/disease resiliency
• Aggregate stability 
• Macro porosity
• Mineralization
• Water infiltration
• Retention of nutrient
• pH stability 
• Soil aeration

Reduced
• Surface runoff
• Soil erosion
• Al toxicity (acid soils)

Environmental Benefits

• Less irrigation water 
and fertilizer needed

• Less flooding
• More even stream 

flows
• Reduced pesticide use
• Groundwater recharge
• Improved water quality
• Better plant production
• C sequestration

From Weil and Brady 
The Nature and 

Properties of Soils

Slide by Karen Lowell
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PHYSICAL PROPERTIES OF SOIL THAT 
AFFECT WATER AND NUTRIENT 

MANAGEMENT

• WATER HOLDING CAPACITY

• SOIL TEXTURE

• SOIL ORGANIC MATTER

• INFILTRATION

• SOIL STRUCTURE

• COMPACTION

• CATION EXCHANGE 

CAPACITY



MANAGEMENT PRINCIPLES FOR SOIL HEALTH

Disturb the soil less:

Reduced tillage

Diversify the system:

Add different kinds of 

plants to the system in open 

times or spaces

Cover the soil more:

Grow vegetation and 
leave mulch on the 
surface

Feed the soil 
food web:

Add organic matter 
and keep living 
roots in the soil



PRACTICES THAT BUILD SOIL HEALTH

• REDUCED TILLAGE

• RESIDUE MANAGEMENT

• COVER CROPS

• COMPOST (OR OTHER 

ORGANIC MATTER) 

ADDITION



HEALTHY SOIL HAS PROPERTIES 
THAT ENHANCE WATER AND 

NUTRIENT AVAILABILITY TO YOUR 
CROPS

BUT YOU STILL HAVE TO MANAGE WATER AND 

NITROGEN CAREFULLY



Q. WHY DO WE HAVE TO CO-MANAGE 
NITROGEN AND WATER? 



Q. WHY DO WE HAVE TO CO-MANAGE 
NITROGEN AND WATER? 

A. TO PREVENT NITRATE LEACHING.



WHY IS N LEACHING AN ISSUE?

• Nitrate in drinking water causes “blue baby syndrome” 

(methemoglobinemia)

• Agriculture uses a lot 
of N fertilizer

• Nitrate moves through 
soil in water

• Agricultural nitrates 
end up in drinking 
water wells



WHY DOES NITRATE (NO3) LEACH?

• NO3 IS A NEGATIVELY-CHARGED ION (OR “ANION”)

• DOES NOT “STICK” TO SOIL (ALSO NEGATIVELY CHARGED)

• GOES ANYWHERE WATER GOES

• NO3 IS APPLIED IN EXCESS OF CROP UPTAKE

• EXCESS IRRIGATION WATER MOVES NO3 PAST THE ROOT ZONE 

INTO WATER TABLE

• TIMING OF APPLICATION DOES NOT MATCH CROP DEMAND



NITRATE LEACHING PRINCIPLES

FOR NITRATE LEACHING TO OCCUR:

• NITRATE MUST BE PRESENT IN THE SOIL

• SOIL MUST BE PERMEABLE TO WATER MOVEMENT

• WATER MUST BE MOVING THROUGH THE SOIL



STRATEGIES TO CONTROL NITRATE 
LEACHING

FOR NITRATE LEACHING TO OCCUR:

• NITRATE MUST BE PRESENT IN THE SOIL

To reduce the nitrate source:

• Use a nitrogen budget

• Add nitrate in irrigation water to your N budget

• Split applications of N

• Don’t apply N when plants are absent or dormant

• Use scavenger crops post-harvest



CREATING A NITROGEN BUDGET

• DATA NEEDED

• 4R NUTRIENT STEWARDSHIP

• FILLING OUT THE FORM FOR ILRP



FOUR R’S OF NUTRIENT MANAGEMENT

• Right Source

• Right Rate

• Right Place

• Right Time
Considerations:

 Organic or synthetic

 Liquid or dry

 Composition

 Availability



FOUR R’S OF NUTRIENT MANAGEMENT

• Right Source

• Right Rate

• Right Place

• Right Time

Broadcast application with water 
incorporation

Sidedress application

Where are the roots?



FOUR R’S OF NUTRIENT MANAGEMENT

• Right Source

• Right Rate

• Right Place

• Right Time

Match the growth curve of crop

Don’t apply out of season



FOUR R’S OF NUTRIENT MANAGEMENT

Nutrient 

Inputs

Nutrient 

Outputs

Plant nutrient 
demand

Soil supply

PersistenceHow 

much to 

apply?

• Right Source

• Right Rate

• Right Place

• Right Time



BUDGET DATA

NITROGEN NEEDED

• CROP N DEMAND

• UPTAKE EFFICIENCY

NITROGEN SUPPLY

• FERTILIZER- SYNTHETIC 

AND ORGANIC

• SOIL ORGANIC MATTER 

MINERALIZATION

• SOIL RESIDUAL N

• IRRIGATION WATER



ILRP N 
BUDGET 
FORM



BUDGET DATA

NITROGEN NEEDED

• CROP N DEMAND
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BUDGET DATA

NITROGEN SUPPLY

• FERTILIZER- SYNTHETIC 

AND ORGANIC

• SOIL ORGANIC MATTER 

MINERALIZATION

• SOIL RESIDUAL N

• IRRIGATION WATER



STRATEGIES TO CONTROL NITRATE 
LEACHING

FOR NITRATE LEACHING TO OCCUR:

• SOIL MUST BE PERMEABLE TO WATER MOVEMENT

• WATER MUST BE MOVING THROUGH THE SOIL

To keep water and nitrate in the root zone:

• Monitor soil water profile

• Maximize uniformity and efficiency of your 
system

• Use field-specific data for irrigation decisions

• Time fertigation events well



5 MIN BREAK 



CONCEPTS OF IRRIGATION 
WATER MANAGEMENT (IWM)

HOW MUCH WATER SHOULD I 
APPLY?

• WATER IN THE SOIL

• WATER AVAILABLE 

(PUMP CAPACITY, 

IRRIGATION DISTRICT)

• CROP WATER DEMAND 

(EVAPOTRANSPIRATION)

• IRRIGATION SYSTEM 

APPLICATION RATES

• EFFICIENCY OF SYSTEM
Deep Percolation

Irrigation

Runoff

Evaporation

Transpiration

Evapotranspiration



CONCEPTS OF IRRIGATION 
WATER MANAGEMENT (IWM)

WHEN SHOULD I APPLY WATER?

• TIME SINCE LAST IRRIGATION

• SOIL MOISTURE STATUS 

• CROP WATER USE SINCE LAST IRRIGATION (EVAPOTRANSPIRATION)

• LENGTH OF TIME NECESSARY TO IRRIGATE



Key Elements:

• Soil Water Status line

• Allowable dryness line

• Field Capacity line

• Irrigation events IWM Planning Graph

Wet

Dry

June 14 June 28June 21

Date

Soil 

Water 

Status

Field Capacity

Irrigation 

Amount 

Applied

0

2

4

6

8

10

Allowable dryness



THRESHOLDS: 
WHERE TO START?

Choose your 

thresholds by crop 

stage and soil 

type.  Then 

convert the % of 

AWC to your 

sensor’s units for 

your graph lines.

Table 3-3 source:  NRCS Irrigation Guide, NEH Part 652, Sept 1997. 

Tensiometer Readings Table source:  http://www.irrometer.com/basics.html 
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INDIRECT BENEFITS OF IWM

• CROP HEALTH/PRODUCTIVITY

• REDUCE NITRATE LEACHING

• REDUCE FERTILIZER COSTS (?)

• WATER USE REDUCTION (?)

• LOWER ENERGY OR WATER BILLS (?)



IWM CONSIDERATIONS

• INCREASED TIME FOR FARM MANAGERS TO ENTER AND EVALUATE THE 

DATA

• ADDITIONAL EDUCATION FOR FIELD STAFF

• BUDGET FOR REPLACEMENT SENSORS

• WATER USE MAY INCREASE!



IWM TOOLS

• COMMON:

• FLOW METER

• EVAPOTRANSPIRATION DATA 

(ET0) FROM CIMIS* OR OTHER 

SOURCE (SID)

• VISUAL INSPECTION

* California 

Irrigation 

Management 

Information System, 

CA DWR

• LESS COMMON:

• VARIABLE FREQUENCY DRIVES 

(VFD)

• PLANT-BASED MONITORING

• SOIL MOISTURE METERS



VFD (VARIABLE FREQUENCY DRIVE)

• PURPOSE:

• REDUCTION IN ENERGY COSTS

• REDUCED PEAK LOAD DEMAND

• OTHER POTENTIAL SAVINGS IN REDUCED NEED FOR MANPOWER AND 

TRAVEL TO THE SITE

• ALLOW FOR DIFFERENT BLOCK WATER NEEDS TO BE IRRIGATED FROM THE 

SAME WELL (CONSTANT FLOW OR CONSTANT PRESSURE).

• COMPENSATE FOR “OVER-DESIGNED” PUMPS 

• REDUCE WATER HAMMER & SUBSEQUENT SYSTEM DAMAGE

• CAN EXTEND THE LIFE OF THE WELL IF TIME OF USE PUMPING IS ADOPTED



VFD 
(VARIABLE 

FREQUENCY 
DRIVE)

• CONSIDERATIONS:

• VFD SPEEDS MUST 

MATCH YOUR 

PUMP CURVE AND 

IRRIGATION 

SYSTEM DEMANDS 

(FLOW AND 

PRESSURE)

• USE AN REPUTABLE 

DEALER WITH 

EXPERIENCED 

STAFF

Source: NRCS Montana Technical Note MT-14; Jan 2010. 



PLANT-BASED MONITORING

Pressure Chamber or  “Bomb”:  

measures the plant’s “Blood Pressure”

Testing Procedure: http://fruitsandnuts.ucdavis.edu/pressure_chamber/

Normalized Difference Vegetation 

Index (NDVI): uses near-infrared 

reflectivity & red reflectivity to 

determine plant health

Graphics: Sentera & 

Public Lab



TYPES OF 
SOIL MOISTURE METERS

• TWO BASIC TYPES OF MEASUREMENT:

• VOLUMETRIC – AMOUNT/% WATER IN THE SOIL

• TENSIOMETRIC – PHYSICAL FORCE HOLDING WATER IN THE 

SOIL 

• MEASURES HOW EASY/DIFFICULT IT IS FOR A PLANT TO 

UPTAKE WATER FROM THE SOIL



VOLUMETRIC SOIL MOISTURE METERS

• NEUTRON MOISTURE PROBE

• HEAT DISSIPATION SENSORS

• DI-ELECTRIC SENSORS

• DOMAIN REFRACTORY SENSORS 

(TDR)

• TIME DOMAIN 

TRANSMISSIOMETRY SENSORS 

(TDT)

• FREQUENCY DOMAIN 

REFRACTORY SENSORS (FDR)

• MOST EXPENSIVE TECHNOLOGY 

IN THE SENSORS

• NEED TO BE CALIBRATED BY SOIL 

AND SOIL SALINITY

• HIGH ACCURACY

• INSTANT DATA – DIRECTLY 

MEASURE THE AMOUNT OF 

WATER IN THE SOIL



CAPACITANCE & TDR SENSOR EXAMPLES

Source: Methods to Monitor Soil Moisture

Authors: John Panuska, Scott Sanford, and Astrid Newenhouse

Department of Biological Systems Engineering, College of Agricultural and 

Life Sciences, University of Wisconsin-Madison,

and University of Wisconsin–Extension, Cooperative Extension.  2015



TENSIOMETRIC SOIL MOISTURE 
METERS

• TENSIOMETERS – MEASURE THE 

TENSION BETWEEN THE SOIL 

PARTICLES AND WATER MOLECULES

• DO NOT NEED CALIBRATED BY SOIL 

TYPE

• ONGOING MAINTENANCE:  SENSORS 

NEED TO BE REFILLED AND CLEANED

• SENSORS NEED TO BE REMOVED 

ANNUALLY IN COLD CLIMATES

• DO NOT WORK WELL IN DRIER SOIL 

CONDITIONS; SOIL SALINITY CAN 

SKEW READINGS (>= 6.0 dS/m in a 

saturated soil solution*)

• SOLID STATE SENSORS:

• GYPSUM BLOCKS

• GRANULAR MATRIX

* Source: Gypsum blocks for measuring the dryness of soil: http://agriculture.vic.gov.au/agriculture/farm-management/soil-and-water/soils/gypsum-blocks-for-measuring-the-dryness-of-soil



SOLID 
STATE 

SENSORS

Source: Methods to Monitor Soil Moisture

Authors: John Panuska, Scott Sanford, and Astrid Newenhouse

Department of Biological Systems Engineering, College of 

Agricultural and Life Sciences, University of Wisconsin-Madison,

and University of Wisconsin–Extension, Cooperative Extension.  

2015



SOIL MOISTURE 
SENSORS DEPTHS

USE MULTIPLE DEPTHS 

TO LOOK AT THE 

ACTIVE ROOT ZONE 

AND MONITOR DEEP 

PERCOLATION



SUGGESTED 
SENSOR 

DEPTHS BY 
CROP

CHECK WITH YOUR 
VENDOR AND 

INDUSTRY 
PROFESSIONALS 
BEFORE PLACING 
YOUR SENSORS

1st

sensor

3rd

sensor

4th 

sensor

Table source: Irrometer. 

http://www.irrometer.com/basics.html



PLACEMENT OF SOIL 
MOISTURE SENSORS

• IF YOUR FIELD HAS MULTIPLE SOILS, 

HOW MANY SENSOR STATIONS ARE 

NEEDED?

• DESKTOP ANALYSIS: USE WEB SOIL SURVEY 

TO LOOK AT WATER INFILTRATION RATES &

WATER HOLDING CAPACITY

• DO YOU HAVE THE CAPACITY TO MANAGE 

MULTIPLE ZONES?

• DOES YOUR CURRENT SYSTEM ALLOW 

YOU TO IRRIGATE WITH MULTIPLE ZONES 

WHERE THE CROP/SOIL LIMITATIONS 

EXIST?

• DO YOU HAVE EXISTING DRAINAGE 

FEATURES TO HELP MANAGE WATER IN 

HEAVIER SOILS?  IF SO, DOES THE 

DRAINAGE ALLOW THE SOIL TO ACT LIKE 

THOSE AROUND IT?



PLACEMENT OF SOIL MOISTURE 
SENSORS

• AT LEAST ONE PER SET 

(MANAGEMENT ZONE)

• CHECK MANUFACTURER 

RECOMMENDATIONS FOR MAXIMUM 

ACREAGE.  TYPICAL 

RECOMMENDATION IS 1 PER 20 

ACRES

• PLACE SENSOR STATION IN THE 

ACTIVE ROOT ZONE

• AVOID PLACING THE STATION IN A 

COMPACTED AREA BUT MAKE IT 

EASILY ACCESSIBLE BY FIELD STAFF



PLACEMENT 
OF SOIL 

MOISTURE 
SENSORS

*CONSIDER USING AN 

ANGLED TRENCH TO 

PREVENT PREFERENTIAL 

FLOW – IF SOIL MOISTURE 

SENSOR ALLOWS THIS 

FLEXIBILITY



MEASURING WATER APPLIED

• MOST COMMON DEVICE IS A FLOW METER (PROPELLER & MAGNETIC)

• WHY USE A WATER MEASUREMENT DEVICE INSTEAD OF/IN ADDITION 

TO USING TIME ESTIMATES?

• CROSS CHECK THAT THE WATER APPLICATION RATE IS WHAT YOU THINK 

IT IS

• MORE CLOSELY MANAGE WATER APPLICATIONS



FLOW METER:
PROPELLER TYPE

• MORE ECONOMICAL 

DEVICE

• REQUIRES LONG 

STRAIGHT LENGTH 

OF PIPE TO 

ACCURACY

• NO SENSORS TO 

GET COVERED BY 

SEDIMENT OVER 

TIME



FLOW METER TYPES

• MAGNETIC METER (MAGMETER)

• MUST BE PROPERLY GROUNDED TO 

FUNCTION

• CHECK FACTORY DISPLAY UNITS TO MAKE 

SURE THEY ARE COMPATIBLE WITH YOUR 

MANAGEMENT NEEDS.  THEY CAN BE 

CHANGED.



RECORDING FLOW 
METER DATA (RATE 

VS VOLUME)

• FLOW RATE: GALLONS PER MIN (GPM) –

MOST COMMON

• EQUIVALENT TO A CAR SPEEDOMETER 

• FLOW VOLUME (TOTALIZER):  GALLONS, 

GALLONS X 1000, ACRE-FEET, ACRE-IN

• EQUIVALENT TO A CAR ODOMETER

• USEFUL TOTALIZER CONVERSIONS:

• (GPM) X 448.83 EQUALS CUBIC FEET PER 

SECOND (CFS)

• (GALLONS X 1,000) X 0.00306 EQUALS 

ACRE FEET

• (GALLONS X 100) X 0.000306 EQUALS 

ACRE FEET

• (ACRE INCHES) X 0.083 EQUALS ACRE FEET

Top: Total Vol

Bottom: Rate 

Screen: Fwd

Total



SCHEDULING 
IRRIGATION

• INPUT DATA INTO SCHEDULING TOOL

• WATCH UNITS 

• PLOTTING OPTIONS:  GRAPH PAPER, 

EXCEL, & PROPRIETARY SOFTWARE

This CA NRCS spreadsheet is 

available by email upon request



FLOW METER DATA & SCHEDULING 
IRRIGATIONS

• MANAGING MULTIPLE CROPS IN ONE FIELD

• WHICH CROP SHOULD YOU RECORD DATA FOR?

• MOST WATER INTENSIVE, AND MOST LIMITING SOIL

• DOES YOUR IRRIGATION SYSTEM ALLOW YOU TO MANAGE FOR MORE 

THAN ONE CROP?

• IF THE CROPS HAVE SIGNIFICANTLY DIFFERENT WATER NEEDS, YOU MAY 

WANT TO RETROFIT YOUR IRRIGATION SYSTEM WITH DIFFERENT ZONES 

OR AT LEAST GATE/BALL VALVES TO MANUALLY CONTROL WATER TO THE 

DIFFERENT CROPS.



SOIL MOISTURE SENSORS & 
SCHEDULING IRRIGATIONS

• MANAGING SOIL VARIATION IN ONE FIELD

• DOES YOUR IRRIGATION SYSTEM ALLOW YOU TO MANAGE FOR MORE 

THAN ONE SOIL TYPE?

• IF THE SOILS HAVE SIGNIFICANTLY DIFFERENT WATER INFILTRATION RATES 

OR HOLDING CAPACITIES, YOU MAY WANT TO DESIGN/RETROFIT YOUR 

IRRIGATION SYSTEM WITH DIFFERENT ZONES TO ALLOW YOU TO IRRIGATE 

BY SOIL TYPE.

• WHICH SOIL SHOULD I INSTALL THE SOIL MOISTURE SENSOR IN?

• EITHER THE MOST REPRESENTATIVE SOIL – OR –

• THE MOST LIMITING SOIL



ADJUSTING IRRIGATION BASED ON 
IWM GRAPH RESULTS

• A BASELINE IRRIGATION SEASON IS HELPFUL PRIOR TO MAKING 

SIGNIFICANT CHANGES TO THE FIELD CAPACITY AND ALLOWABLE DRYNESS 

THRESHOLDS

• CONSIDER CHANGING THRESHOLDS WHEN CHANGING CROPS

• IS YOUR CROP YIELD AND HEALTH WHAT YOU EXPECTED THEM TO BE?

• DO YOU NEED TO ADJUST YOUR THRESHOLDS FOR THE NEXT CROP 

IRRIGATION SEASON?

• IS YOUR PLANT ROOT ZONE CHANGING FOR THE NEXT IRRIGATION 

SEASON (I.E. YOUNG PERMANENT CROPS)?  

• CONSIDER CHANGING YOUR FIELD CAPACITY THRESHOLD ANNUALLY UNTIL 

THE CROPS ARE MATURE.



Scheduling with the IWM Graph

Wet

Dry
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Date
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• WHAT DO YOU DO 

WITH THE SCHEDULING 

DATA?

• DO YOU CHANGE 

FREQUENCY/

INTERVALS OR 

DURATION?

• FLOOD/FURROW:   

CHANGE FLOW RATE 

(GATE VALVE/# OF 

CHECKS OPEN/# OR 

SIZE OF SIPHONS)

• CONSIDER DEFICIT 

IRRIGATION AND ITS 

IMPACT ON THRESHOLDS 

THROUGHOUT THE 

GROWING SEASON

SCHEDULING 
IRRIGATION



FINANCIAL ASSISTANCE THROUGH 
USDA-NRCS: ENVIRONMENTAL QUALITY 

INCENTIVE PROGRAM (EQIP)

• ENERGY AUDIT

• VFD*

• IWM**

• FLOW METERS

• SURFACE AND SUBSURFACE 

IRRIGATION SYSTEMS***

• SOIL HEALTH PRACTICES 

INCLUDING:

• REDUCED TILLAGE

• COVER CROPS

• NUTRIENT MANAGEMENT

* Requires an approved Energy Audit so plan ahead.

** Must be a partially or fully automated method, and flow measurement, to qualify for payment

*** The land must have an irrigation history and the new system must be more efficient than the 

previous one.



QUESTIONS?
WENDY RASH: WENDY.RASH@CA.USDA.GOV

LIZ COLBY: LIZ.COLBY@CA.USDA.GOV

VACAVILLE NRCS FIELD OFFICE:  707.448.0106 X3


