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Why Are We Discussing Nitrogen

Essential nutrient, Expensive, Environmental Regulations

‘ Optimizing Yields ‘

‘ Meeting Regulatory Requirements
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Efficient Nutrient Management

The 4 R’s + 1.

Nutrients are used most efficiently when you:

Apply the Right Rate
« Match tree demand with fertilizer supply.

At Right Time

« Apply nutrients when root uptake is most active.

In the Right Place

« Ensure delivery of nutrients to the active roots and not past the root zone.

Using the Right Source
« Choose fertilizers sources that maximize uptake and minimize loss.

«  Soil testing (pH, salts, soil physical conditions, problem elements)
« Leaf analysis (critical values and orchard sampling)
«  Nutrient Budgeting

hat do we know and how do we manage?

Leaf Sampling and Critical Value Analysis

| WARNING |

Element Critical value Adequate range
nitrogen (N) 1.8% 22-25%
phosphorus (P) 0.14% 0.14-0.17%
potassium (K) 16% 1.8-2.2%
calcium (Ca) 20% 2.1-4.0%
magnesium (Mg) 0.45% 05-12%
sodium (Na) = =
chlorine (CI) = 0.1-0.3%
manganese (Mn) 30 ppm 30-80 ppm
boron (B) 90 ppm 150-250 ppm
zinc (Zn) 7ppm 10-15 ppm
copper (Cu) 4ppm 6-10 ppm

Problem 1: Challenges of leaf sampling-
Canopy variability
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Problem 2: Field Variability

Common Sampling Practices are Ina
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Individual trees

1.92-217
218-231
232-242
243-253
2.54-287
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What is the average nutrient concentration and how much variability is there?.

Problem 3: Samples collected in July are foo

late in the season to influence management
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Leaf Sampling And Interpretation
Methods For CA Orchards.

Ismal ddiqui, Sebastian Saa, Patrick Brown. UC Davis




Recommended Sampling Criteria

Sub-terminal Leaf on non-
fruiting branch.

In non-uniform orchards, sample each soil
or productivity zone separately.

13 trees at least 30 yards apart.
10 leaves per tree. Pooled

Recommended Sampling Criteria

Average Orchard (10-200 acre block. Spring or Summer Samplin

» Collect sub terminal leaves from non-fruiting branches.
> Minimum of 13 trees each tree sampled at least 25-30 yards apart.

> In each tree collect 10 leaves around the canopy from well exposed
branches located between 5-7 feet from the ground.
> Ifcostis a constraint, samples can be pooled into a single sample for analysis to guide
an ins ual orchards management
> Analyze for the N, P, K, S, Ca, Mg, Cu, Zn, Fe, B

> In spring, collect samples soon after full leaf expansion (approx. 30-50
days after full bloom (DAFB), for standard sample collect in late July.

Non-Uniform Orchard:

+ Repeat this process in each orchard zone of similar performance.

YES: Spring samples can effectively predict

summer tissue values: UCD-PPM program

‘Summer predicted Summer
leaf N measured leaf N.
from spring sample UCD-PPM
Arbuckl 8 2.4 2.3 . "

L “!c = Model for interpreting
Belridge 8 2.4 2.4 Spring Analysis can be
Madera 8 2.5 2.4 found at:

Deslzsnie e 2l e Google: FNRIC Pistachi
oogle: istachio

Lliznedlo = Zs <0 early leaf sampling
Belridge 9 2.4 2.4
Madera 9 2.6 2.4 Or:
Modesto 9 2.6 2.7 )

Fruit Growers Lab
Arbuckle 10 2.4 2.5 currently uses the
Belridge 10 23 2.7 program.

Madera 10 2.3 2.3
Modesto 10 2.4 2.5

Or Google “UCD PPM Pistachio”  http://ucanr.edu/p/41860

Collect samples properly approximately 40 days after bloom, submit to lab and request UCD-PPM
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Nitrogen Prediction Models for
Almond and Pistachio

WEATHER-RELATED
MODELS.

Chiling Accumulation
Models

N &K Prediction Model or Pistachio
Coleulators.
1) Guidelines for Pistachio Early-Season Sampling and In-
Season Nitrogen Application Maximizes Productiviy,
i s (o). a

These models are

Prune Chillng Prediction o

Nitrogen Prediction
Models for Almond and
Pistachio

Advanced Sensing. Patrick Brown
and Management
Technologies to
Optimize resource.
Use in Deciduous
Tree Crops,a 4
year, mult-state

2) Estimte pistachio tree demand: Pistachio Model for
Calculating Nitrogen Demand

Ifigation Scheduling
3) Interpret early season pistachio leaf samples: Pistachio
Prediction Model (PPM). The Pistachio Prediction

Model (PPM)is an update released July 2014 in Excel format.

Harvest Prediction for
Peaches, Plums &

Nectarines project,For project PPM is also incorporated in the N & K Prediction Model for
detail,includi : in tem 2) above.

e Investigative tearm,
methodology and

Pistachio Bloom Cast support, see
project lnk.

About CIMIS Weather
Stations

CropManage:
Online irrigation and nitrogen management decision support
tool

Fertigation and Nitrate in
Irrigation Calculator

Seasonal N Demand

Record Keeping
Leaf Sample interpretation
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Efficient Nutrient Management Approach

-the 4 R s-

Applying theRight Rate )

« Match demand With-euppiy (all inputs- fertilizer, organic N, water,
soil).

AgRight Time )

- Maximize tUptake minimize loss potential.

In the Right Place
« Ensure delivery to the active roots.

Using the Right Source
* Maximize uptake minimize loss potential.

le: A balancing act.
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Right Rate : Right Time

Total and Annual Dynamics of N in Mature Alimond and
Orange

Deciduous: Almond

Evergreen: Orange

= Perennial

= Fruitrieaves [ Uptake from Soil

Remobilization

Nirogen (bs. aca’)

Nitrogen (Ib ac*1)
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Amaral - Citrus and Cherry
Siddiqui, Rosecrance: Pistachio
Muhammad: Almond

‘Per T000 (16s) dry yield (CPC)

Average Nurient Removal (2009+2010+2011) Per 1000 (Ibs) Dry yield (CPC)

—— Nitroger
Potassium

—— Phosphorus

Kem County Kem County

29 73 98 132 165 29 73 98 132 165

—— Nitrogen
Potassium

—— Phosphorus

Madera County
31 72 98 131 165

Madera County

31 72 98 131 165

—— Nitrogen

Potassium —— Phosphorus.

Kings County Kings County

28 73 98 131 178 28 73 98 131 178

—— Nitrogen

—— Phosphorus
Potassium P

ty

30 72 97 131 165
Days after full bloom

30 72 97 131 165
Days after full bloom

Nutrient removal Per 1000 1b
(CPC Yield)

Nutrients removed in all fruit
components and accounts for losses
in non-marketable fruit.

N removal 28 1b per 1000

K removal 25 1b per 1000
Premoval 3 Ib per 1000

Mg, S, Ca are abundant in most
soils and not removed in large
quantities.

25 1b N per acre, per year is required
for tree growth (averaged over 20
years — Rosecrance et al 1998)

4000 CPC Ib yield ‘removes’
116 1b N (+25 for growth)
100 Ib K (+22 for growth)
121bP

Choosing the Right

Rate Requires

Setting a Realistic Yield Goal

Use your experience of the potential for the particular orchard and

then consider the prevalent environmental conditions.
— Previous years yield, winter chilling and spring flowering weather can

be critical.

Look at the trees in April and after fruit set. Estimates are fine since

they will always be superior to using the same N regime every year.

expected yields.

Make in-season adjustments to account for greater or lower than

Google Pistachio Nitrogen Prediction to find an interactive Nitrogen
Management Spreadsheet

http:

ucanr.edu,

41860




Pistachio Prediction Model (PPM)
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Right Place in California Pistachio el Iigation/Fertgation

(Precision Harvested 80-acre field)

* Varying yields
across 80 acres
of Pistachio
trees

* Managed as a
single decision,
large fields will
always be less
uniform and
less nutrient
efficient than
smaller fields.

Right Place in California Pistachio _
* Managing for

spatial variability
introduces
greater
complexity

* Isit worth it?

* Is it possible.

Yield lbs)

Q —  Feet
0 =0 1o




Variation in Yield and NUE over Time
Overall Nitrogen Use Efficiency (NUE) = 44%

2002 2003 2004 2005 2006 2007
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Yield and Final Nutrient Use Efficiency: Uniform N Applied
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Right Place: Where does N uptake
occur?

Number of roots (count)
o 50 100

Percentage of roots (%)
10 20

°

04 0-10
a8 1020
812 2030
1216 30-10
16-20 40 50

2024 50 60

Depth (inches)

2028 60-70

2832 70-80

= C300-75KN

3236 300-75KN 80-90

=>In Almonds, and probably pistachio the majority

of the roots are in the first 18 inches of soil.
Olivos, Unpublished

Fertigated N Should be Applied Toward End of
: Irrigation Event

N Below
Root Zone

—
N Retained yy

in Root-
Zone /

21-24 hrs 18-21 hrs 15-18 hrs

EEECOEEC .

Low High

Fertigation and Nitrogen Managment

» Nitrogen is highly mobile in soils and can be leached
easily by irrigation water.

» Nitrogen moved to bottom of root zone is subject to
loss upon next irrigation.

» The margins of the irrigated root zone are frequently
high in salinity, root growth and N uptake are restricted

» Apply Nitrogen toward end of irrigation cycle to avoid
deep movement

» Apply in as many small doses in a year as possible

10



Factors that Affect Nutrient Uptake

* Poor irrigation system design and scheduling
* Drought or flooded soils
* Weed competition

* Poor root growth: presence of hardpans, poor water infiltration,
perched water tables, alkali spots

« Salinity (soil or water), pH, nutrient fixation

* Low soil temperature (microbial activity, root activity)

* Weather/climate, limitations of tree uptake and transport
* Nutrient imbalance and toxic elements

* Low or high native soil fertility for one or more nutrients
* Root disease (i.e. Verticillium wilt affects K uptake)

Zinc deficiency caused by poor
root growth conditions (Spring
flooding, shallow eroded soils)

Environment Interacts with Nutrition.

Conclusions: Managing Nitrogen

Base your fertilization rate on realistic, orchard specific yield

and adjust in response to spring nutrient and yield estimates.

» Make a preseason fertilizer plan based on expected yield.
»  Pistachio 1000 Ib CPC yield removes 28 Ib N, 25 Ib K and 3 Ib P.
» Conduct leaf analysis following full leaf out.
» Using leaf analysis and updated yield estimate, adjust
fertilization for remainder of season.
» Uptake of N, K, P occurs uniformly from leaf out to harvest.

> Apply up to 20% immediately post harvest, corrected for actual
yield - but only if trees are healthy.

» Every field and every year is a unique decision, adjust
fertilization accordingly.

11



Summary Tree Crop 4 R’s
Supply (Rate) = Demand (Amount and Timing]

Pistachio Yield

Right Rate Right Time

Total and Annual Dynamics of N in Mature Almond

(data from 11-12 year old trees 3,800 Ibs.)
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