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S O I L  &  I R R I G AT I O N  M A N A G E M E N T

Moderator

Sebastian Saa, ABC, Ag. Research

Speakers

Mae Culumber, UC ANR

Guillermo Valenzuela, WiseConn Engineering

Tom Devol, Irrigation & Technology Independent Consultant

Kyle Knipper, USDA ARS



NEW RESOURCES:Q&A:



NEW SOIL MANAGEMENT 

RESOURCE 
M A E  C U L U M B E R  P H D

U C  C OO P E R ATI V E  E X TE N S IO N  A D V I S OR  
F R E S N O  -  

D E C E M B E R  1 0 ,  2 0 2 5



https://www.almonds.org/sites/default/files/2025-
11/Soil%20Management_Understanding%20and%20Managing%20Soil%20for%20Almond%20Production.pdf

Why manage the soi l?

• Reduce soil erosion

• Enhance drainage

• Boost water retention

• Increase nutrient availability

• Reduce salts

• Enhance and sustain long-

term yield

https://www.almonds.org/sites/default/files/2025-11/Soil%20Management_Understanding%20and%20Managing%20Soil%20for%20Almond%20Production.pdf
https://www.almonds.org/sites/default/files/2025-11/Soil%20Management_Understanding%20and%20Managing%20Soil%20for%20Almond%20Production.pdf
https://www.almonds.org/sites/default/files/2025-11/Soil%20Management_Understanding%20and%20Managing%20Soil%20for%20Almond%20Production.pdf


The Soi l  Prof i le

• Layers of different texture, color, chemistry, and biological activity



The Soi l  Prof i le

Topsoil: where organic matter 
accumulates, biological life and 
nutrients for growing plants 
reside

Subsoil: deeper layers often 

control water movement and 

root penetration



Soil  aggregate forms

• Topsoil granular aggregates loosely arranged, allow water to easily infiltrate

• Subsurface blocky or prismatic aggregates larger and denser, can restrict water 

movement, reduce aeration, and limit root growth

• Platy structures restrict water movement and found close to the surface or in subsoil



Bui ld ing b locks  of  
soi l :

Sand,  Si lt ,  and Clay  

Texture can change with different soil layers



Soil  Organic Matte r

Living and partially decomposed plant residues, roots, and soil organisms, microbial 

exudates, older more slowly decomposing organic compounds mix with mineral soil 

to form aggregates 



Meso and 
Micro Fauna 

of  the  Soi l  
Food web



Organic  mater ia ls
• Influence the balance of carbon (C) and nitrogen (N), two 

key elements that sustain soil biological activity 

• Protect the soil and increase resilience to weather 
fluctuations

• Enhance soil water holding capacity

• Source of nutrients may partially substitute for chemical 
fertilizer without compromising yields and revenue



Almond hul ls  and shel ls  

• No risk of N immobilization with high C:N

• Higher level of soil exchangeable K in top 6 
inches (2 to 7 weeks after application) 

• Same leaf tissue K content compared to K-sulfate 

Andrews et al. 2024



O rganic  mate r ia ls  potent ia l  to  o ffs et  
fert i l i ze r  u se

• To estimate nutrient contributions from amendments, submit samples for lab analysis total 

N (%) and potassium oxide (K2 O, %). 

• Total nutrient contribution calculated by multiplying the analysis (%) by the dry-weight 

application rate. Compost N reduced to 25% for the slow mineralization release of N



• Soil C and N levels (< 2mm fraction) higher in WOR soils after 1 year 

• Soil C stocks increase by > 880 lb C per acre in WOR treatment in 2 years

• Soil N stocks increase soil stores by 120 lb N per acre

• Suggests increased soil fertility for growing trees in WOR berms

• Little change in WOR alleyway likely due to slow biomass decomposition 

Culumber et al. submitted

Wood Chips Impact  Soi l  C and N in  a 
Replanted Orchard



Microbial Respiration C

Organically bound N proteinsMineral bound and active soil C

Additional Indicators of Soil Function with Wood Chips

Water infiltration



Almond Tree Growth after Wood Chips

April planting: only a 22% increase to the standard 

recommended rates (~5 oz N per tree or 52 kg per ha) WOR 

trees larger than conventional after the first season
 



Soil  texture and organic  matter  inf luence 
avai lable  water  holding capac ity (AWHC)

Some commercial labs offer site AWHC measurements, useful in orchards where 

SOM levels have substantially increased

inches of available 

water per ft of soil



Soil  water  characte ris ti c :  
Wood chips vs  Control  by  depth

Thao et al. 2024
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Bio-st imulant  products  promise :

• Improved  stress resilience 

• Improved yield

• Nutrient efficiency and savings

• Enhanced soil structure  

• Reduced chemical footprint 

• Economic savings

More field validation is needed….



Soi l  Eva luat ion:  Laboratory  Methods

• SOM

• Soil texture

• Carbon to Nitrogen ratio 

• Soil available nitrogen

• Soluble and extractable cations

• Electrical conductivity 

• Microbial biomass abundance and diversity

• Bulk density

• Nematodes 

enable quantitative comparison of orchard management 

practice effects on soil function over time



Soil  Evaluat ion:  Web Based Re source s

  

Soil maps provide info about soil type changes across the field and 

useful to identify suitable locations for soil pit excavation to observe 

entire soil profile



Fie ld  Methods:  
Texture by  Feel  

• Form soil into a ball, squeeze between 

the thumb and index finger to form a 

ribbon 

• Length of ribbon and grittiness determine 

soil texture and moisture content



F ie ld  ope rat ions  
impact soi l  st ructure

• Compaction collapses pore spaces, impedes 

root growth, decreases oxygen, water 

infiltration, water holding capacity and 

nutrient availability

• Avoid tillage and other equipment traffic 

when soil moisture is at or above field 

capacity

• Use texture-by- feel method to assess soil 

moisture conditions before conducting 

orchard operations



F ie ld  Methods:  Inf i lt ration 
rate

maximum rate water moves into the soil surface

Determine rate to:

• select drip emitters or micro sprinkler nozzles

• fine tune irrigation duration and frequency to prevent deep 

percolation and nutrient losses



Fie ld  Methods:  Slake Test

Clumps of soil with poor structure fall apart 

when placed into water

https://www.fao.org/fileadmin/user_upload/GSP/GSDP/Field_exercises/A

ggregate_stability_EN.pdf



F ie ld  or  Lab:  
Aggregate  Stabi l i ty

(https:// www.blm.gov/sites/default/files/docs/2022-04/TR_1734_8_ vol1_508.pdf). 

➢ 80% aggregates remaining = excellent physical quality

➢ 50 to 75% medium to good

➢ 30 to 50% medium to low

➢ < less than 30% poor physical quality 



Fie ld  or  Lab:  Microbia l  b iomass  
and act ivi ty

• Microbes metabolize carbon in 

organic matter to extract energy, 

releasing CO2 as a byproduct. 

• Higher fungal-to-bacterial ratios 

are linked to enhanced soil 

carbon storage, water retention, 

disease resistance, and nutrient 

cycling

• New field kits directly estimate 

CO2 flux and  microbial biomass 

and the relative abundance of 

fungi and bacteria in the soil



Summary

• Soil characteristics change with depth, impacting flow of water, air and nutrients 

through soil profile

• Field and laboratory assessments track how management practices influence 

soil function over time

• Organic materials, protect the soil surface, minimize disturbance, and conserve 

moisture can improve long-term soil function and orchard resilience

• Potential to offset synthetic fertilizer use with a comparable budget

• Soil infiltration and water holding capacity should be considered for irrigation 

system design and scheduling to minimize surface runoff and deep percolation, 

to prevent nutrient loss from soil.





THANK 
YOU!



Overview of Soil Sensors

Guillermo Valenzuela

Wiseconn USA - g@wiseconn.com



Essential component for water management:



Continuous auger of the soil



Types of sensors



Ceramic Tips - usually 

priced higher 

Water Potential - Tensiometers

Tensiometer - labor intensive

Continuous - sensitive on 

some soils and install method



Types of sensors



Water Volume - FDR 

Enviropro

HSTI

Sentek

Aquacheck

Decagon / Meter



Direct Correlation





FDR - Frequency Domain Reflectometry

Saturation

Field Capacity

Wilting Point



Volumetric Water Content (%)



Irrigation Events

Irrigation

Irrigation



Daily/Night dynamics - root presence and activity

Day

Night Day

Night



Infiltration rate and depth



How long to irrigate?



Water dynamics in the soil

Stress starts
Wilting Point

Refill 

Point



When to irrigate?

Stress

No Stress



Different holding capacities of soils…

Sandy Soil 

1-2 days

Clay Soil 3-4 days



Optimize irrigation for better metabolism



Optimize your irrigation operation



Important Considerations



Proper installation and soil identification



Attention to tree selection and distance from emitter



Ground truthing



Attention to the site! it is our navigation tool



Complimentary sensors



THANK 

YOU!



NEW IRRIGATION 
RESOURCESTO M  D E V O L –  I R R I G AT IO N  &  
T E C H N OL OG Y  C ON S U LTA N T

1 2 . 1 0 . 2 0 2 5



NE W I RR IG AT ION  RE SOUCR ES 



IRRIGATION 
AUTOMATION

Automation of our irrigation systems is the 

next step to improvements in 

irrigation efficiency. 

  



DRYLAND

FLOOD

HAND MOVE 
SPRINKLERS

DRIP & MICRO 
SPRINKLERS

AUTOMATION

EVOLUTION OF 
IRRIGATION 
TECHNIQUES

Leave it to nature

Simple & low cost

Improved uniformity, 
tons of work

Continued improvement on uniformity without the labor.

Precise water supplied direct to the 
tree.

Matching timing to tree need and energy cost

SOLID SET  
SPRINKLERS



P UM P  STATI O N  
au to m at i on

Controller

Pump On/Off

Fertigation

System Pressure Pre/Post Filter

Filter Flush Control

Flow Meter Readings

Local Valves 

In-Field Valves



I r r i gat i o n  
au to m at i on

Ranch 
Systems
Up to 48 Valves

Netafim
Multi-language Interface
Up to 256 Valves

WiseConn
Up to 10 Valves, 
expandable to 100+.

Often overlooked but so important 

& best to know at the start. 

It’s not just the hardware, how is 

labor covered?  

TORO
Simple Timeclock



P ros  & C ons

Work through the values & challenges of 

different systems.

Timer-Based Systems Fully Integrated Systems



HOW  DOE S  IT  F IT  I N

Automation has different implications to 

different people in the organization. Walk 

through how it fits for your teams.



RE TUR N O N  IN VE ST ME N T

Understanding the Return on 

Investment (ROI) is critical to success 

with automation.

Work through the areas and 

opportunities for maximizing the ROI. 



QUESTIONS TO DISCUSS 
WITH YOUR IRRIGATION 

DESIGNER
Designing an orchard irrigation system is a 20+ 

year decision. As the grower, you should be the 

one leading the conversation.

Use this resource as a guide to the key talking points that will help 

shape your long-term planning.



ORCHARD 
P L ANNING

I RRIG AT IO N 
M ET HOD

F ROS T  
P ROT E CTI ON

F ILT RAT I ON

OP E RAT I ONAL 
COS T S

AUTO MATI ON &  
T E CHOL OGY

WARRANTI E S I NCE NTI V E S

YOU
R 
PLAN



O RC H ARD 
P LA NN IN G

• Harvest Direction

• Spacing

• Elevation

• Water Source & Volume

• Drive Roads

• Buffer Zones



I RRI G AT I O N 
M E TH OD

DRIP&MICRO&SOLID SET

System Type

• Solid Set

• Drip

• Micro-Sprinkler

• Dual Systems

Special Needs

• Frost Protection

• Flood for Recharge



F I LTR ATI O N

Screen 
Filter

Automated
Screen Filter

Sand Media 
Filter

Disk 
Filter

Image – Morrill Industries Image – Morrill Industries Image – Fresno Valves Image – Rain Bird



E N E RGY C O STS

What is it going to cost to run the system?

• Outline the total energy cost.

• Options for upsizing pipelines, will it lower long-term cost?

• Options for more efficient pumps and motors.



t ec hnol og y

What options for 

integrating 

technology in the 

design are there?

• Monitoring

• Control & Automation

Image provided by HotspotAG



WA R RA N T I ES

Often overlooked but so important & best to know at the 

start. 

It’s not just the hardware, how is labor covered?  



i nc e nt i ve s

almonds.com/incentives



NEW ABC RESOURCES ONLINE 
FOR YOU



THANK 

YOU!



T-REX RESEARCH UPDATES
 

 N E W  I R R I G AT I O N  M A N A G E M E N T  R E S O U R C E S  &  T H E  U S E  

O F  A C T U A L  E VA P O T R A N S P I R AT I O N  

Kyle Knipper, PhD

Remote Sensing Scientist

Co-Lead of Crop Sensing Group

USDA ARS, Davis, CA



B A C K G R O U N D



B A C K G R O U N D



B A C K G R O U N D



B A C K G R O U N D



B A C K G R O U N D



B A C K G R O U N D



B A C K G R O U N D



B A C K G R O U N D



C U R R E N T  F O C U S

• Improve remotely sensed modeling approaches in almond 

orchards

• Forecast ETa (1 to 2 weeks)

• Deliver decision-ready irrigation information to growers through 

early adopters

• Refine water footprints for California Mediterranean crops



C U R R E N T  F O C U S

• Improve remotely sensed modeling approaches in almond 

orchards

• Forecast almond water use (actual ET) out 1 to 2 weeks

• Deliver decision-ready irrigation information to growers through 

early adopters

• Refine water footprints for California Mediterranean crops



C U R R E N T  F O C U S

• Improve remotely sensed modeling approaches in almond 

orchards

• Forecast almond water use (actual ET) out 1 to 2 weeks

• Deliver decision-ready irrigation information to growers through 

early adopters

• Refine water footprints for California Mediterranean crops



I MP R O V E

“High-Resolution Actual Evapotranspiration in Almond Orchards by Integrating Physiological and TSEB Models”

Karem Meza, PhD



I MP R O V E

“High-Resolution Actual Evapotranspiration in Almond Orchards by Integrating Physiological and TSEB Models”

Karem Meza, PhD



I MP R O V E

“High-Resolution Actual Evapotranspiration in Almond Orchards by Integrating Physiological and TSEB Models”

Karem Meza, PhD



I MP R O V E

“High-Resolution Actual Evapotranspiration in Almond Orchards by Integrating Physiological and TSEB Models”

Karem Meza, PhD

Apply correction that 

includes:

1) Net Leaf Photosynthesis

2) Stomatal Conductance
3) Leaf Temperature



I MP R O V E

“High-Resolution Actual Evapotranspiration in Almond Orchards by Integrating Physiological and TSEB Models”

Karem Meza, PhD



I MP R O V E

“High-Resolution Actual Evapotranspiration in Almond Orchards by Integrating Physiological and TSEB Models”

Karem Meza, PhD

MAE by 18.3%



I MP R O V E

“Evaluating Energy Balance Closure Adjustments for Estimating Actual Evapotranspiration and Crop Coefficients”

Karem Meza, PhD



I MP R O V E

“Independent Impacts of Climatic Drivers on GPP for Multiple Crop Water Stress Scenarios” Saroj Dash, PhD



I MP R O V E

“Independent Impacts of Climatic Drivers on GPP for Multiple Crop Water Stress Scenarios”

Gross Primary Productivity: how fast the trees are 

turning sunlight and CO₂ into sugars through 

photosynthesis (CARBON IN). 

That carbon is what builds wood, leaves, and 

ultimately fills the nuts, so when weather or stress 

slow GPP down, we’re effectively shrinking 

potential for yield.

Saroj Dash, PhD



I MP R O V E

“Independent Impacts of Climatic Drivers on GPP for Multiple Crop Water Stress Scenarios” Saroj Dash, PhD



I MP R O V E

“Independent Impacts of Climatic Drivers on GPP for Multiple Crop Water Stress Scenarios” Saroj Dash, PhD



I MP R O V E

“Independent Impacts of Climatic Drivers on GPP for Multiple Crop Water Stress Scenarios”

GPP ↑
    CWSI < 30-70%
    SWin > 80%

    Ta < 60%
    VPD < 50%.

Atmosphere components enhances GPP at 

multiple crop stress level.

Saroj Dash, PhD



F O R E C A S T

“Forecasting Actual Evapotranspiration with Deep Learning and OpenET: A Cast Study in California Almonds, Olives, and Vines”

Apoorva Jha



F O R E C A S T

“Forecasting Actual Evapotranspiration with Deep Learning and OpenET: A Cast Study in California Almonds, Olives, and Vines”

Apoorva Jha



F O R E C A S T

“Forecasting Actual Evapotranspiration with Deep Learning and OpenET: A Cast Study in California Almonds, Olives, and Vines”

Observed ET from DisALEXI Forecasted ET from Diffusion Model

Observed vs. Forecasted ET for 2024-07-21 (+7-day lead) at OLA

DisALEXI ET + NDVI 

(aligned, masked, normalized)

Conditional DDIM 

(2D UNet Backbone)

ETa Forecasts (7-days out)

INPUTS

OUTPUTS

DEEP-LEARNING 

MODEL

Apoorva Jha



D E L IV E R

WET (Wavelet Evapotranspiration Tower) Network

   - A tool to increase accuracy of near-real-time ET products for irrigation management



D E L IV E R



D E L IV E R



K.Knipper
USDA

N.Bambach
UCD

A.McElrone
USDA -UCD

M.Anderson
USDA

B.Kustas
USDA
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Data Science



NEW ABC RESOURCE FOR 
YOU



NEW RESOURCES:Q&A:
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