


Compliance will be a moving target ...




2016 report to the Region 5 (Central Valley) Water Board:

Nitrogen concentrations in harvested
plant parts - A literature overview

The intent is to establish defensible calculations for ‘N balance’:
* N application vs. harvest removal

- A/R

- A-R

For long-term compliance ...
 What practices will get you closest to a zero N balance?
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Grower Reported N from Fertilizers

(718 Crop Records) Compared to Specific Crop Nitrogen Uptake

Lettuce Records(2015)

Nitrogen from Fertilizers & Amendments Only
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Nitrogen from Fertilizers & Amendments {lbs/ac)

Fertilizer alone:
55% reported more N application than crop uptake
(nearly 100% reported more N application than harvest N removal )



Regional Boards are also tracking N application in irrigation water:

Grower Reported Nitrate Concentration and
Nitrogen Applied in Irrigation Water by county

2015

Irrigation Water Concentration (NO3-N) (as reported) (By Ranch)

Average (mgq/l

Convent ] S. S S. S
Al ional Organic SLO  Monterey Barbara| Benito | Clara| Cruz
Max (mg/l) 435 95 122 435 43 56 38

Min (mg/l)

On a ranch ==
On a ranch =

Max (Ibs/ac) 5440
Min (Ibs/ac) 0

1571




Grower Reported N from Fertilizers + Irrigation

(718 Crop Records) Compared to Specific Crop Nitrogen Uptake

Lettuce Records (2015)
Nitrogen from Fertilizer & Amendments and Irrigation Water

120

100 1

80 4

60 4

Frequency (Numberof crops reported)

20

I R T N R Y O T Y ST R - S S N U, ST ST LY ST - )
-
22 2222285222282 2% 288205585

Nitrogen from Fertilizers & Amendments and Irrigation Water (Ibs/ac}

Fertilizer + NO,-N in irrigation water:
87% reported more N application than crop N uptake



N applied below, within, or above
uptake range for the crop 2015

Needs Range Fertilizer Only Ferilizer + Water
Min Max Wwithin | Above within | Above | Records
178 | 23 192 97 325
180 54.8% | 7.1% 59.1% | 29.8%
105.0 l 8.0 120 39 175
180 60.0% | 46% 68.6% | 223%

5 9 .
Celery 51.0 44.0 28 (3&5
200 35 7% 30.8% 19.6% 67.1%

178 391 99 ﬁ
ek 120 24 8% || 545% 7.7% |(87.5%

S ——

Crop

Broccoli

Caulifiower

W
o

: 5 77 : 2
Spinach
; 120 43% || 65.8% 1.7% M

19 3 12
Strawbe /ﬂ‘\:
Y 200 21.1% 34.4% 13.3% 74.4%
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1030
66%




Grower Reported N from Fertilizers

(718 Crop Records) Compared to Specific Crop Nitrogen Uptake

Priority 1:
. one . . Lettuce.l?ecords (2015)
Ret h in k N fe rtl I |zat ion te m p I ate Nitrogen from Fertilizers & Amendments Only

120

Does not include N applied in irrigation water
- Why are some growers’ N rates so much  :.
higher than others? :
Nitrogen from Fertilizers & Amendments (Ibs/ac)
Broccoli Records (2015)
Nitrogen from Fertilizers & Amendments Only
# Does not include N applied in irrigation water
- Why is N application on broccoli and
cauliflower substantially less than crop N H
uptake, when N application on lettuce and
. . b 40
other leafy greens is much higher than 3
crop N uptake?
o . |
® % % % 0% % % % 0% % % 3 % % 0% %

Nitrogen from Fertilizers & Amendments (Ibs/ac)



Priority 2:
Account for N in irrigation water

Irrigation Water Concentration (NO3-N) (as reported) (By Ranch)
Convent : S. S. S. S.
All ional Organic SLO  Monteroy Barbara Benito | Clara| Cruz
Max (mg/l) 435 95 122 435 43 56 38
Min (mg/l) 0 B ] [ 0 §
Average (mg/l 21 (35) (21 ) | (22) 7 (1a)( 16)

Mass of Nitrogen Applied in Irrigation Water (By Ranch)

oy Max (Ibsfac) 5440 980 1571 5440 | 191 | 476 | 300
on " gy Min(lbsiac) 0 3 o 0 0 0 | 0
Average (Mean) (Ibs/ac) 1871 222 190 211 32 91 | 98
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-~ ation water NO;-N uptake efficiency trials:
iy = continuously injected varying levels of NO;-N from 2-45 PPM to simulate
irrigation water NO,-N

Compared with crop response to normal N fertigation




2015 Broccoli trial:

Crop N uptake

Efficiency of N recovery from water NO;-N at least as good as from N fertilizer

(Ib/acre)
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2015 Broccoli trial:

Efficiency of N recovery from water NO;-N at least as good as from N fertilizer

Crop N uptake

(Ib/acre)

300

250 -

200 -

150 -

100 -

50 -

fertilizer N, 110% ETc
fertilizer N, 170% ETc

® water N, 110% ETc
@] water N, 170% ETc

Response to N

\ . .
‘> fertigation at two

irrigation levels

50 100 150 200
Total N applied (Ib/acre)

250



Mean N uptake efficiency (NUE) of irrigation water NO;-N:
* Across 4 trials = 80% of irrigation water NO5-N was taken up by the crop
* Neither NO;-N concentration nor irrigation efficiency affected NUE
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How can that be?
* Very low background residual soil NO,-N in these fields
* All NO;-N enriched water was drip applied, in relatively small individual applications
- small leaching events, so plants have an opportunity to access part of the NO;-N
in the water that eventually leached
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Calculating a ‘fertilizer credit’ for irrigation water NO;-N:
A ‘fertilizer credit’ is different than ‘uptake efficiency’
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(both fertilizer N and water N are subject to inefficiency due to leaching)
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Calculating a ‘fertilizer credit’ for irrigation water NO;-N:
* A ‘fertilizer credit’ is different than ‘uptake efficiency’
(both fertilizer N and water N are subject to inefficiency due to leaching)
Ignore N in water applied for crop establishment
(what'’s left in the root zone can be quantified by presidedress soil testing)




Calculating a ‘fertilizer credit’ for irrigation water NO;-N:
* A ‘fertilizer credit’ is different than ‘uptake efficiency’
(both fertilizer N and water N are subject to inefficiency due to leaching)
Ignore N in water applied for crop establishment
(what'’s left in the root zone can be quantified by presidedress soil testing)
Credit 100% of in-season water applied in reasonably efficient drip irrigation




; = {
Calculating a ‘fertilizer credit’ for irrigation water NO;-N:
* A ‘fertilizer credit’ is different than ‘uptake efficiency’
(both fertilizer N and water N are subject to inefficiency due to leaching)
Ignore N in water applied for crop establishment
(what’s left in the root zone can be quantified by presidedress soil testing)
Credit 100% of in-season water applied in reasonably efficient drip irrigation
Apply an in-season ‘discount’ for inefficiency with sprinklers ?

kT




Priority 3:
Maximize efficiency of a
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First half of season = 25% of N uptake
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Fraction of total nutrient uptake
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Fraction of days from planting to harvest

: »  Minimize preplant and early-season application 4




The earlier N is applied, the more likely it leaches below the root zone:
= Roots take weeks to develop

Salinas Valley fields:
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Rooting depth increases = }4” per day, across crops



The earlier N is applied, the more likely it leaches below the root zone:
= |rrigation tends to be least efficient during crop establishment
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Preplant N rate strongly influenced by P management:

* Is preplant P necessary?

* If so, why use a high-N fertilizer?

Preplant P management in 16 successful summer lettuce fields:
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Soil P (PPM Olsen extract)




First sidedress can also be highly inefficient:

Is it needed?
How much is needed?




Can fertilizer technology improve early season N efficiency ?

Duration.

Controllad-Release Fertilizer
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Nitrogen Technology Evaluations
Richard Smith 2012-2016

Material Trade name | Comment
Nitrification inhibitors
Nitrapyrin Instinct Inhibitor or Nitrosomonas and Nitrobacter, commonly
used in the cornbelt
DMPP Novatec Inhibitor or Nitrosomonas and Nitrobacter. The active

ingredient is commonly used in Europe

DCD + urease inhibitor
fertilizer additive

Agrotain Plus

DCD is the nitrification inhibitor and is mixed with a
urease inhibitor; used as a fertilizer additive

DCD + urease inhibitor Super U DCD is the nitrification inhibitor and is mixed with a

impregnated urea prill urease inhibitor; formulated as a dry prill
Controlled release

Polymer coated urea prill Duration 45 | Polyurethane coated urea prill

Urea triazone N-Sure Ring of urea molecules; liquid formulation




Nitrogen Technology Evaluations:

* All trials included an untreated control, a standard fertilizer at a ‘standard’
N rate (enough to produce max yield), and at a ‘moderate’ rate (25-35%
less than the standard)

* All ‘enhanced’ fertilizer products were applied at the ‘moderate’ rate to
observe any efficiency improvement




Average Yield of Spinach

e Mean of 7 trials

Untreated Standard Moderate Duration45 SuperU N-Sure Instinct Novatec
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Conclusion: Fertilizer technology can improve N efficiency modestly, but on a
field-specific basis



Priority 3: Maximize efficiency of applied N
* Manage in-season inputs to draw down soil NO,-N at harvest

N management in 18 successful summer lettuce fields:
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How to manage the draw down of soil NO;-N?







