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Sebastian Saa, ABC

Steve Petrie, Yara North America

Jesse Roseman, ABC

Patrick Brown, UC Davis



Upcoming Sessions at 3:30 p.m. 
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Å Almond Production Estimates: Nuts and Bolts of Different 
Models (Room 1) 

Å Why Does My Handler Want Me to Participate in the 
California Almond Sustainability Program? (Room 2) 

ÅBees: Whatôs New in Pollination? (Room 3)
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Research Update: Nutrient 

Management

Moderator, Sebastian Saa, Senior Manager, ABC
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Research Update: Nutrient 

Management

ÅSteve Petrie, Director of Agronomic Services, Yara 

North America Inc., Platinum Sponsor

ïOverall nutrient management

ÅJesse Roseman, Principle Analyst , Almond Board of 

California

ïRegulatory Updates

ÅPatrick Brown, Professor, UC Davis

ïAlmond nutrient management



Nutrient Management

Dr. Steve Petrie

Director of Agronomic Services

Good enough is not enough



Thank you to the Yara almond team in California

ÅKatelin Britton, Sales Agronomist

ÅDevin Clarke, Tree Nut Crop Manager

ÅAllison Couch, Sales Agronomist

ÅPeter DeBoer, Regional Sales Manager

ÅChris Gallo, Regional Sales Manager

ÅDave Morgan, YaraVita Specialist

ÅVanessa Vicencio, Sales Agronomist



Crop production is all about GEMs

Emeralds

Diamonds

Rubies

Genetics

Environment

Management



Crop yield and quality are driven by three factors

Crop yield 
& quality

Genetics

ManagementEnvironment



Almonds: A Complex Life Cycle
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Balanced nutrition is key

Comprehensive 

nutrient management 

improves many 

aspects of almond 

growth, yield, and 

quality



Good enough is not enough

Farmer Processor Retailer Consumer

Carbon footprint



Why increased nutrient and water use efficiency?

Increased 
crop yield 

and 
quality
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Why increased nutrient and water use efficiency?

Increased 
crop yield 

and 
quality

Increased 
profitability

Respond 
to value 
chain 
needs

Protect 
the planet



Nutrient use efficiency
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Water use efficiency

4 Rôs of irrigation water stewardship

ÅRight rate: how much does the tree need

ÅRight placement: Where the roots are taking up 

water, high DU, etc.

ÅRight timing: When does the tree need the water

ÅRight source: High quality water (no salts or toxic 

elements, etc.)

Improved water stewardship will help ensure top yields and minimize 

nutrient and water losses



Monitoring is the key to managing

Monitoring almond nutrient status 

ÅLeaf nutrient concentration during the 

growing season

ÅSap analysis

ÅTrunk diameter measurement

ÅCarbohydrate analysis

ÅSoil nutrient status

10.12.2019 19

Implementing the 4 Rôs of nutrient stewardship will help 

ensure top yields and minimize nutrient losses



Monitoring is the key to managing

Monitoring almond water status

ÅLeaf water status ïpressure bomb

ÅWater balance models ïYara Water 

Advisor app

ÅSoil water status - tensiometers

10.12.2019 20

Improved water stewardship will help ensure top yields 

and minimize nutrient and water losses



Removing mental shackles: HLB in citrus

HLB, a bacterial disease vectored by a 

psyllid, has devastated the Florida citrus 

industry

An aggressive research program has not 

yet found a viable solution

A comprehensive approach using vector 

control and improved nutrient 

management has been effective in 

mitigating the effects of HLB

Photo: ufgi.ufl.edu



HLB mitigation: nutrient & vector management

100

110

120

130

140

150

Check Nutrition Insecticide Nutr. + insecticide

L
b
s
/t

re
e

+ 5 lbs

+ 15 lbs

+ 33 lbs

University of FL trial, average of six years



Maury Boydôs Farm in Florida

Maury Boyd, Grower

Pre-HLB infection
Hamlin variety



Maury Boydôs Farm in Florida 

Hamlin variety Post-HLB infection



Maury Boydôs comprehensive citrus nutrition program

Soil Application (4x / yr)

ÅN ïCalcium nitrate

ÅP ï0-45-0

ÅK ïKCl, K-Mag

ÅCa ïCalcium nitrate

ÅMg- K-Mag

ÅS ïK-Mag

ÅMicronutrients

Foliar Applications

ÅN ïKNO3

ÅK ïKNO3

ÅMg ïMgSO4

ÅS ïMgSO4, ZnSO4

ÅB ïSolubor

ÅZn ïZnSO4

ÅMo ïSodium molybdate



Comprehensive nutrient solution maintained citrus yields
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Summary 

ÅImproved nutrition can play a key role in 

helping plants mitigate the effects of HLB:

ÅN form and rate

ÅK 

ÅCa

ÅMicronutrients

ÅImproved nutrition is NOT a cure

ÅImproved nutrition can help buy 

time until a solution is found



Carbohydrate deprivation and walnut quality
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Photo: sacvalleyorchards.com



Soil water interaction with frost damage

ÅWalnut damage due to cold 

injury

ÅSudden November frost

ÅRapid temperature drop and 

wide diurnal temperature 

swings 

ÅTrees did not have time for 

carbohydrates to convert to 

sugars 

ÅTrees that had been recently 

irrigated suffered less damage

Photos: Luke Milliron



Past

Never happen, 
too impractical, 
too costly, etc.

Present

Some are trying,  challenges 
to overcome, equipment 

innovation needed

Future

No nut touches the 
ground; cleaner air and 

cleaner crop

Removing mental shackles: off-ground harvesting



Good enough is not enough

Yara Incubator Farm -- an 

example of integrating 

research and production in a 

farm scale setting

Comprehensive crop 

management including 

nutrients, irrigation, and 

pests to achieve optimum 

yield and protect the planet



Removing mental shackles: high yields and clean water
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Past

Canôt happen, 
too impractical, 
too costly, etc.

Present

Many are trying, 
still many challenges

Future

Clean water, 
happy consumer, 
profitable farmer. 



Nitrates and groundwater protection

Jesse Roseman

Principal Analyst, Almond Board of California



34

Human Right to Water

ÅCalifornia has signed significant                

legislation to ensure all Californians              have 

access to clean drinking water

ÅFocus on nitrates and Disadvantaged 

Communities, many in central valley

Å2019: Safe & Affordable Drinking Water Fund 

to receive $130M annually from the Greenhouse 

Gas Reduction Fund, to be disbursed through 

competitive scoring to smaller districts

ÅNear-term solutions include temporary 

connections to safe drinking water sources, 

point-of-use treatment systems, drilling wells into 

uncontaminated aquifers, and trucking water 

directly to communities (State Water Board)

òevery human being has 

the right to safe, clean, 

affordable, and accessible 

water adequate for 

human consumption, 

cooking, and sanitary 

purposesó 

AB685, 2012

òhelp water systems 

provide an adequate and 

affordable supply of safe 

drinking water in both the 

near and long termsó 

SB200, 2019
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Irrigated Lands Regulatory Program (ILRP)

Å2003 Central Valley Water Quality Control Board 

created ILRP, with Waste Discharge Requirements 

managed by grower member Water Quality Coalitions 

ÅGrowers prepare Irrigation Nutrient Management Plans, 

with goal to optimize nutrient efficiency 

ÅCoalitions are developing Groundwater Protection 

Targets to identify the amount of N that growers can 

apply across a township based on the associated 

nitrate leaching potential

Starting in 2020, all growers must 

submit Irrigation Nitrogen 

Management Plans (INMP) 

Summary Reports include:

Å Nitrogen applied (from all sources 

including irrigation water)

Å Crop yield

Å Estimate of nitrogen removed

Å NEW Irrigation management 

(method, ET, amount, efficiency 

practice)

Starting in 2019, East San Joaquin 

members required to do Drinking 

Water Well Monitoring.

Å If water above 10 ppm, must notify 

drinking water user

Å Results posted to Geotracker

website

ÅThe GWP value = applied N ïremoved 

N +/- other variables (soil type, irrigation 

system, attenuation of nitrate, etc.)

Å20+ years to meet the targets 

ÅSeparately developing groundwater          

well networks for Groundwater Trend 

Monitoring (by Central Valley 

Groundwater Monitoring Collaborative) 
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CV-SALTS

Å2019 State Water Board approved Basin Plan Amendments 

with new regulatory approaches for nitrates and salts, following 

over decade of work

ÅILRP still implements new rules

ÅUnder the current nutrient management laws, compliance is 

difficult to impossible

ÅMost farmers complying through ag waiver that is sunsetting 

ÅGoal is to allow for continued farming, while providing 

protections and even recovery for aquifers with high levels of 

nitrate

ÅInitial short-term actions are providing replacement drinking 

water

ÅNo longer just ag- includes cities and industries

GOALS

1. Provide Safe Drinking Water 

Supplies through development 

of  short-term and long-term 

solutions

2. Reduce Nitrate and Salt 

Impacts to Water Supplies by 

slowing increases in Salt and 

Nitrate in groundwater

3. Restore Groundwater Quality 

to meet standards where 

reasonable and feasible
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ÅPriority 1 Area (Red)
ïNotice to  Comply within one year of 

Basin Plan amendments becoming 

effective

ÅPriority 2 Area (Orange)
ïNotice to Comply within 2-4 years of 

Basin Plan amendments becoming 

effective

ÅRemaining Areas (Green)
ïImplementation to be phased in at a 

later date

37

Nitrate Control Implementation

Courtesy Central Valley Salinity Coalition
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What is a Management Zone? 

ÅDefined area ïfor nitrate compliance

ÅCollective implementation ïfor safe drinking water

ÅDischarger cooperative ïto control nitrates

ÅTwo Pilot Management Zones- Turlock Groundwater 

Subbasin (Stanislaus and Merced Counties), Alta 

Irrigation District and Kings River East GSA (Fresno and 

Tulare Counties)

ÅBoth developing draft Management Zone proposals

ÅManagement Zone boundaries and initial participants

ÅInitial mapping of nitrate levels

ÅIdentification of water supplies exceeding nitrate objective

ÅEarly Action Plan

38

Â Near-term: best practicable treatment or control

Â Long-term: achieve balance and restore 

groundwater, where feasible

Courtesy Central Valley Salinity Coalition
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Sustainable Groundwater Management Act (SGMA)

ÅLegislation passed in 2014 

ÅGroundwater Sustainability Agencies (GSAs) and Management Zones could fit together

ÅGrowers participate in SGMA through GSA formation, Groundwater Sustainability Plan 

(GSP) preparation, implementation

ÅUndesirable result  #4: avoid causing ñsignificant and unreasonable degraded water 

qualityò throughout the basin, largely through a ñminimum thresholdò aligned to existing 

water quality standards

ÅConsider whether groundwater pumping, even if 

sustainable, may exacerbate existing contaminants or 

impact drinking water quality  

ÅConsider impact of GSP management actions (e.g., 

recharge projects, water banking) on water quality

ÅLikely overlap with monitoring requirements under 

ILRP



Thanks!
Jesse Roseman

jroseman@almondboard.com



Nutrition Update

Patrick H. Brown Lab



The New Irrigated 
Lands Regulatory 

Program 

Nitrogen 
Management, 

impact on orchard 
fertilization.

Plant Nutrition: 
Productivity 
Economics 

Environment. 



Essential Nutrients
(Lifecycle cannot be completed in their absence)

Photosynthesis

Carbon

Oxygen

Hydrogen

Macro Nutrients

Nitrogen

Phosphorus

Potassium

Calcium

Magnesium

Sulfur

Micro Nutrients

Zinc

Iron

Boron

Manganese

Copper

Chlorine

Nickel

Molybdenum

Always Manage

Monitor and Manage, Prevent/React

Isolated occurrence (Monitor)

Unknown



K

N

N= 68 lbs/1000 yield

K = 80 lbs/1000 yield



Bud initiation 
and development

Seasonal Almond Nitrogen and Potassium  Uptake

Ideal Fertilization: Multiple 
Applications in season timed 
with demand

Demand driven by yield 
(every orchard and cultivar 
may be different)

No significant uptake prior to 
leaf out

Minimal uptake after harvest 
(8% or 10-20 lbs).

Applications managed to 
keep N in the irrigated root 
zone

To optimize N use, all inputs 
must be optimized



Fixation

Nutrients

Optimizing Nitrogen and Potassium in Almond.
(ANR Publications 283984)

Adapted from Kathy Kelley-Anderson et al:  ANR Pub # 21623

Supply (Rate) Demand   (Amount and Timing)

Timing

Loss

=

Available 

Soil 

Nutrients

N

N

N, K

K, N

K

N

N

N= 68 lbs/1000 yield

K = 80 lbs/1000 yield



GNDVI 29 April 2009:  SmartImage (B,G, NIR only)1 m pixel (Britz Fert. Com.)

Fields are variable, how do you chose and apply the optimal N rate?  

ÅZones differ in 

productivity

ÅCultivars differ in 

productivity.

ÅPrecision 

fertigation will be 

come essential for 

efficiency


