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What is a nitrogen budget?
It’s very simple



Balanced equation of sums and differences

N InputsN ResidualPre N Removed

N ResidualPost N Losses



Balanced equation of sums and differences

N Inputs
(fertilizer, 

irrigation, etc.)

N ResidualPre
(soil)

N Removed
(harvest)

N ResidualPost
(soil)

N Losses
(leaching, gas, 

erosion)



Why monitor?

• Check on effectiveness of a 
treatment

• Gain knowledge to aid a 
decision

• Track change over time
• Assure good stewardship 

and/or compliance

Nutrient 
Mgmt. Plan

Fertilize

Monitor

Adjust 
plan



How is monitoring conducted?

• Physical samples
• Proximal imagery
• Remote imagery
• Continuously



Summary

• Monitoring is a means of checking effectiveness of nutrient 
management plan and enables actionable interventions.

• Plan effectiveness is important for crop yield and quality, profitability, 
environmental stewardship, and regulatory compliance.

• Monitoring includes measurement of soil and tissue, plant indicators 
like reflectance, water quality, and environmental conditions like heat 
and precipitation



Key concept: Timing matters!

A. Pre-plant

B. In-season

Equal amounts of N fertilizer applied:



Key concept: Timing matters!

On average across multi-location, 
multi-year trials in CA wheat:

• Shifting equivalent amounts of 
N fertilizer from pre-plant to 
early vegetative growth stages 

 increased yield by 10%

 increased protein 0.5%



Timing of supply and demand

Geisseler et al., 2012

CA Institute for Water Resources
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Uptake is Driven 
by Crop Growth 
& Development



Cumulative 
Nitrogen 
Uptake by 
Wheat Growth 
Stage
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Growth Stage 
Depends on 
Heat Units, Not 
the Calendar 
Days
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N Uptake 
Curves by Days 
Since Planting, 
Different 
Calendar Years
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Estimate the amount of nitrogen 
required to achieve the target yield

Plan Monitor

Adapt

Method 1

Method 2 N =

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 × 𝑁𝑁 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑁𝑁 𝑢𝑢𝑢𝑢𝑢𝑢 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

N = 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (may account for efficiency)

Amount



Mature grain Straw Silage
Nitrogen Partitioning



THE CROP 
N BUDGET Cr

ed
its • Residual soil N

• Previous crop 
residue N

• Irrigation water 
N

• Soil N 
mineralization

In
pu

ts • Organic 
amendments

• Fertilizer

O
ut

pu
ts • Yield

• Inefficiency



Another way 
to think of 

THE BUDGET

fertilizer + soil + water = 
harvest + 

environment



Soil N supply

Plant available N

Mineral N Organic N+

N supply and demand: how to estimate?

Soil N supply
o Rules of thumb:
 Soil Organic Matter (SOM)
 ≈ 30 lb N per % OM
  ex. 1.5% SOM 
  ≈ 45 lb/ac N
 Soil nitrate (NO3-N) ppm in 

top 1 ft of soil
  ≈ 4 x ppm = lb/ac N
  ex. 10 ppm NO3-N 
  ≈ 40 lb/ac N



MONITOR WATER SOURCE 
AND CONVERT TO LBS. N

1
USE FREQUENT, LOW 

VOLUME FERTIGATION

2
CONSIDER THE PLANT’S 

NITROGEN UPTAKE CURVE

3

Amount Nitrogen in irrigation water 
can be effectively used by crops



Growth Stage 
Depends on 
Heat Units, Not 
the Calendar 
Days
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Crop Water Use 
is Closely 
Related to Crop 
N Uptake

Days since planting
50 100 150 200

Pe
rc

en
t o

f s
ea

so
n

0

50

75

100

25

Crop N Uptake
Crop ET



Like N Uptake, 
Crop Water Use 
Also Depends 
on Heat Units

Crop N Uptake
Crop ET

Growing Degree Days
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That Means 
Water and N Use 
Timing Vary by 
Year
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• Targeted early-season 
irrigation greatly expands 
the feasibility of winter 
forage production in the SJV

• 58% of acreage with limited 
surface water (≤ 2 ac-ft/yr) 
can reliably (100% of years) 
achieve break-even yield 
levels with targeted 
irrigations totaling 8 inches.



not irrigated

• If no irrigation is applied, 
planting later increases 
the probability of crop 
establishment success.

• If irrigation is applied, 
crops planted earlier in 
the fall have higher yield 
potential and higher 
water productivity.
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Soft dough

• Regardless of the 
irrigation amount, 
forages harvested at soft 
dough have the highest 
water productivity and 
returns on total water 
use at average prices.

• Evaporation is a larger 
portion of 
evapotranspiration (ET) 
for boot-stage forages 
than for soft dough 
forages.

Soft Dough Stage Yields More Biomass per Drop of Water. Why?
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Fallow Ground Loses Water through Evaporation, the “E” in “ET”



When and How Does Water Stress Hurt My Yield?



Take Aways

• Successful management of N in CA small grains is challenged by very 
high variability in precipitation and temperature across the state and 
between years

• Management decisions affect groundwater quality

• To control the amount of nitrate leaving the root zone, nitrogen and 
water must be managed together

• Efficient management requires planning, monitoring, and adaptation



California Fertilization Guidelines

A review and accessible 
summary of the literature 
on select CA crop 
fertilization practices and 
principles.

RESOURCES

https://www.cdfa.ca.gov/is/ffldrs/frep/FertilizationGuidelines/




An interactive guide on how 
to use a nitrate quick test 
and a supporting web tool.

Presented in English and 
Spanish

RESOURCES

Small Grain Soil Nitrate Quick Test

https://smallgrains.ucdavis.edu/Nutrient_Management/snqt


• N-rich reference zone 
case studies

• a small grain fertilizer 
webtool, and

• instructional guides on 
how to use them

RESOURCES

N-Rich Reference Zones Guide

https://smallgrains.ucdavis.edu/Nutrient_Management/N-rich_reference_zones
https://smallgrains.ucdavis.edu/Nutrient_Management/N-rich_reference_zones
https://smallgrains.ucdavis.edu/Nutrient_Management/N-rich_reference_zones


A literature review and 
accessible summary of how 
much N is removed during 
harvest of CA crops

RESOURCES

Nitrogen harvested in plant parts

http://geisseler.ucdavis.edu/Project_N_Removal.html
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