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Background: Spring wheat production in California 

• Acreage : 
 ≈ 500,000 ac yr-1 hard red/white; 
 ≈ 50,000 ac yr-1 durum 

 

• 50% grown for grain, grain 
growers paid for quantity & 
quality 
 

• Yields ≈ 5500-6000 lb ac-1 
 

• Protein standard in CA markets is 
13%t 

 

• Average rates of N application = 
150-175 lbs acre-1 Image courtesy: California Wheat Commission 

Spring Wheat Production in California: 

Presenter
Presentation Notes
Note that wheat irrigation varies by region:
- Opportunistic in Sac. Valley (rotational crop) 
- Standard in southern/Intermountain area 

In Sac. Valley split N applications totaling 100 – 225 lb/acre are applied between sowing and tillering-stem elongation





Optimizing the rate, timing 
of N application: 
• Improves fertilizer use 

efficiency 
• Increases the value of 

the crop 

N Costs and Regulations: 

Presenter
Presentation Notes
New regulations can actually be a win-win for growers. While wheat is comparatively a low value crop, N costs can be a  significant proportion of operational budget. Working to achieve precise N management of wheat can improve a grower’s margin. 




Growth and N Demand in 
Wheat 



• Growth and N uptake by the crop 
 

• Realistic expected yields (given limits of planting date, 
growing season length, irrigation water availability) 
 

• Class of wheat being grown:  
– Desirability of higher protein % in durums, hard 

wheat classes 
– Lower protein levels for soft wheats 
 

• Soil characteristics impacting N release/supply 

Wheat N Demand Depends On: 



•Across the west, amount of N (soil residual, mineralizable 
+ fertilizer N) to reach peak yields reported ranges from 
3.3 to 5 lbs/100 lbs of grain under various conditions 
 
•In the northwest, grain yields were maximized with 3.2-3.5 
lbs N/100lb grain, but requirements increased to 4.6-5.3 
lbs N/100 lbs grain to reach 14% protein in hard wheats & 
durums 

 

Wheat N Demand: Yield and Protein Content  



Wheat response to N fertilizer addition at various 
growth stages is generally well-understood 

Image courtesy: U. Kentucky 

Wheat N Demand: Timing Impacts Yield and 
Protein Content 

Presenter
Presentation Notes
How N impacts yield and protein content is relatively well understood: 
Yield: Early in season, N application affects the number tillers and kernels per head. Later in the season it affects the kernel weight. 
Protein: Early in season, N application affects biomass N for later remobilization. Later in season, it impacts the remobilization rate because the more N can be mined from leaves when the total amount of N in leaves is greater. 
 
Wheat is a very adaptive crop and changes in N management can occur throughout the season. 




• Fertilizer N demand varies 
across the growing season  
 

• Total fertilizer N demand varies 
according to crop’s protein yield 
potential- importance of a 
reasonable yield expectation 
 
 

Water is more limiting than N 
  

• Soil supplies a large portion of N 
to the crop. 
 
 Yield = 7500 lb acre-1 ; Protein = 11.5% 

Wheat N Demand: Timing    

Presenter
Presentation Notes
Total N demand depends on yield potential, wheat variety, and timing. The goal is to match application times with peak N demand while avoiding times of high leaching potential.  
 
Figures: Early in season (sowing to mid tillering) little N uptake occurs. Since this is in a high rainfall period, there is significant potential for leaching. Peak N demand occurs between tillering and flowering with uptake of 2-3.5 lbs/day. Uptake then slows during grain fill, as N is remobilized within the plant. During grain formation, N moves from the leaves and stems to the developing grain. 
 
Note: This study refers to lowland/irrigated locations. Yield potential and consequently N demand, can be adjusted based on local conditions.




Wheat N Demand: Timing Impacts Yield and 
Protein Content 
  

Presenter
Presentation Notes
Importance of timing:
Left: This study split total N rates of 75 to 300 lb N into different proportions between preplant, tillering, boot/heading, and flowering. Relative to the experimental average, the yield of preplant application was lower than when N was applied at tillering and flowering. The crop more suited to make use of N at tillering and beyond.
 
Right: Similar results were found with protein. Later applications (flowering) improved protein content more than earlier ones. A general rule of thumb is that topdressing at flowering of 30-50 lbs can increase protein content by 1% with a moderate to high-yielding crop. This general rule is contingent on sufficient water following the N application.  




• Applications of N at 
Tillering and Flowering 
boost grain fertilizer 
use efficiency relative 
to other application 
timings 
- Dependent on water 

availability & timing 
- Large range of 

possibilities (0.3 – 0.65) 

Wheat N Demand: Overall Fertilizer Use Efficiency 
  

Presenter
Presentation Notes
Figure: This graph combines optimum yield and protein content together to identify a higher fertilizer recover rate or fertilizer use efficiency. 




Timing: preplant - tillering 

Wheat N Demand: Irrigated Wheat 
  

Presenter
Presentation Notes
Note: This study timed application at preplant and tillering. This practice is most representative of what growers are currently doing in the Sacramento valley for irrigated wheat. 
 
Left: N application significantly increased yield until about 185 lbs N/acre.
Right: N application significantly increased protein content through 300 lbs N/acre. 

Note: This study was conducted on a soil with low residual N so, the fertilizer response may have been more pronounced.



• Fertilizer N demand: 
960 lb ac-1 – 360 lb ac-1 = 600 lb ac-1 

600 lb ac-1 / 5.7 = 105 lb ac-1 

105 lb ac-1 / 0.5 (apparent N recovery 

in grain ≈ 63% overall NUE) = 210 lb ac-1 

 
2.6 lb N / 100 lb grain 
 

• Fertilizer N demand: 
960 lb ac-1 – 360 lb ac-1 = 600 lb ac-1 

600 lb ac-1 / 5.7 = 105 lb ac-1 

105 lb ac-1 / 0.4 (apparent N recovery 

in grain ≈ 50% overall NUE) = 263 lb ac-1 

 
3.7 lb N / 100 lb grain 
 

Wheat N Demand: Irrigated Wheat 
  

Presenter
Presentation Notes
Combining the effects of N on protein and yield gives the “protein yield.”

Figure: In this experiment, N application significantly increased protein yield of a 4 ton crop at 12% protein up to to 225 lbs N/acre. 

Calculations on the right: The amount of N needed for optimum yield and protein is calculated for two different levels of N use efficiency (top = 63% NUE, bottom=50% NUE). To arrive at these figures, the protein yield with no N added (360 lbs/acre) is subtracted from the max protein yield (960 lbs/acre). This is then divided by wheat’s protein factor (5.7), which is finally divided by the given apparent N recovery in grain. 

In this equation, you are essentially subtracting what the crop could produce without N fertilization from the additional production that results from N fertilization. 

Note: 5.7 is the crude protein factor (6.25) adjusted for wheat. 

This example occurred in irrigated wheat. 
 








5500 lb acre-1; 11% protein 
• protein yield = 605 lb ac-1 
 
2500 lb acre-1; 8% protein  
• protein yield = 200 lb ac-1 

• Fertilizer N demand: 
605 lb ac-1 – 200 lb ac-1 = 405 lb ac-1 

405 lb ac-1 / 5.7 = 71 lb ac-1 

71 lb ac-1 / 0.5 = 142 lb ac-1 

 
2.6 lb N / 100 lb grain 
 

• Fertilizer N demand: 
605 lb ac-1 – 200 lb ac-1 = 405 lb ac-1 

405 lb ac-1 / 5.7 = 71 lb ac-1 

71 lb ac-1 / 0.4 = 178 lb ac-1 

 
3.2 lb N / 100 lb grain 
 

Wheat N Demand: Supplementally Irrigated Wheat 
  

Presenter
Presentation Notes
The same experiment as previous slide, but with irrigation needs typical of the Sacramento valley, only supplemental irrigations (About ½ as much as previous test). 




4200 lb acre-1; 12.5% protein 
• protein yield = 525 lb ac-1 
 
2500 lb acre-1; 8% protein  
• protein yield = 200 lb ac-1 

• Fertilizer N demand: 
525 lb ac-1 – 200 lb ac-1 = 325 lb ac-1 

325 lb ac-1 / 5.7 = 57 lb ac-1 

57 lb ac-1 / 0.5 = 114 lb ac-1 

 
2.6 lb N / 100 lb grain 
 

• Fertilizer N demand: 
525 lb ac-1 – 200 lb ac-1 = 325 lb ac-1 

325 lb ac-1 / 5.7 = 57 lb ac-1 

57 lb ac-1 / 0.4 = 143 lb ac-1 

 
3.4 lb N / 100 lb grain 

Range of grain N demand: 
 114 – 263 lb ac-1  
• depending on: 
 water 
 fertilizer use efficiency 

Wheat N Demand: Rainfed Wheat 
  

Presenter
Presentation Notes
The same experiment as previous slide, but without any irrigation. 



Wheat N Demand: Yield and Protein Content 

UCCE Kings County- 1988-1989, K. Cassman, B. Lindquist, S. Wuest, L. Hawe, L. Jackson, & A. Fulton 

  
Site  

Flowering 
N (lbs/acre) 

Yield 
(lbs/acre) 

Protein 
% 

1 
0 8180 11.9 

40 8681 12.8 
    

2 
0 8067 13.3 

40 7986 14.1 
    

3 
0 5242 14.9 

40 5418 15.1 
    

Effect of late season nitrogen at flowering 
(coupled with an irrigation) on yield, 
protein, and nitrogen status: 

Variety: Yecora Rojo 

Presenter
Presentation Notes
Figure: Late season/split addition of N had generally little effect on yield, but altered protein % significantly, especially for growers aiming for the 14% benchmark required in the Pacific Northwest. 
 
Note: this table shows additional N applications, over and above a base rate. 
 




Effect of Wheat Cultivar and location on Yield and 
Protein Content 
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Adapted from Steve Orloff UCCE 2011 

Presenter
Presentation Notes
Figures: Comparing yields and protein contents from two locations in Siskiyou county (Scott Valley and Intermountain Research and Extension Center at Tulelaake) we see a wide range based on cultivar and location. Note that all results are averaged across 7 fertilizer treatments. Also note the effect of yield potential on protein content.  The IREC site had significantly lower protein content due to the higher yield potential.  



Crediting Non-Fertilizer N Sources 



• Method 1: Top 1 foot 
–  ppm NO3-N x 4 or 5 

• Example: 12ppm NO3-N x 4 or 5 ≈ 48 – 60 lb ac-1 

 

• Method 2: T op 2 feet 
–  ppm NO3-N x 3.8 ≈ lb N ac-1 ft-1 of soil 

• Example: 12 ppm (1st ft)x3.8 ≈ 46 lbs; 7 ppm (2nd ft)x3.8 ≈ 27 lbs 
– Total ≈ 73 lb ac-1 

– Or: 73 lb ac-1 x 0.75 ≈ 54 lb ac-1  

• Prior Crop: 
– Tomato residue estimated at 50 lb ac-1 returned, but probably 

reflected in soil nitrate test 
– Alfalfa contribution ≈ 100 lb ac-1 + 

Crediting Soil Nitrate-N: 

Presenter
Presentation Notes
Crediting soil supply of N is a critical first step. This includes estimating contributions from prior crops by making sure to test for soil nitrate after there has been sufficient time for N from prior crops to mineralize. 

Use soil Nitrate test = multiply by 4-5 if in top foot

Note: Using the top 2 feet of soil will provide a better understanding but is not necessarily realistic in all testing situations. 




Multiple ways to estimate, many things 
to estimate… 
• In-season soil organic matter N 

mineralization:  
– 0.8% OM % x 30 lb N / % OM ≈ 24 lb ac-1 

 

• Manure: 
– Example: For 5 tons dry manure/acre 

with 1.8% N: 
• 10,000 lbs x .018 
 = 180 lbs N/acre/year 
• Estimate 10% mineralization per 

season 
 =18 lbs/acre/year available 

 
 

 

Yield = 7500 lb acre-1 ; Protein = 11.5% 

Crediting Organic N: 

   
  

Presenter
Presentation Notes
About 30 lbs N per percent of organic matter will be mineralized and become available to the crop. 

In this example with a soil of 0.8% organic matter, 24 lbs/acre will become available to the crop during the season. 

The amount of crop-available N in organic matter depends on amount applied, C:N ratio of substance and C:N ratio of soil to which it’s being applied. A good rule of thumb is to estimate 10% mineralization per season as seen in the above example. 




For 3.0 ppm NO3
--N: 

• Method 1: NO3
--N x 2.7/ft of applied water 

  -For 14 inches of water: 
  3.0 x 2.7 x 14/12 = 9.45 lb N / acre / yr 
 
•  Method 2 : NO3

--N x 0.23/inch of applied water 
  -For 14 inches of water: 
  3.0 x 0.23 x 14 = 9.66 lb N / acre / yr 
 

Crediting Irrigation Water N: 

Presenter
Presentation Notes
Methods to calculate nitrate per foot or per inch of applied water (from ppm). 
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Nitrate Remaining in Soil After Harvest: Example 

Presenter
Presentation Notes
Figures: Across soil depths from 0-8 ft, and spanning multiple wheat varieties, nitrate-N remained in the soil profile. This version of the study was completed in 2011 with additional locations added later on. 



N Management Tools 



UC ANR 

UC ANR 

Soil Nitrate Quick Test: 

Presenter
Presentation Notes
Left: Soil N quick test is shown. Lettuce growers with a need real time results have been using the soil nitrate quick test. It is not as accurate as lab tests, but gives ballpark for a quick decision. 

Right: The Solvita soil test was designed for consultants and researchers to measure “active carbon” which can be a proxy for overall fertility. It provides results within 24 hours but has not shown good sensitivity in CA soils/cropping systems.



What tools are available to assist in real-time N 
management in wheat? 

Greenness Test: 

Presenter
Presentation Notes
Smart phone tools like the FieldScout GreenIndex measure greenness in the visible spectrum. While these are not found to be as useful as infrared measurements, they can be helpful to get a sense of greenness per area early in the season and compare to see how the crop fares through the rainy season. 



In-field measurement devices 

Trimble Greenseeker 
handheld 
 

• NDVI (660 and 770 nm) 
 

• Suitable proxy for yield 
potential? 
 

• Retail: ≈ $500 

atLEAF chlorophyll meter 
 

• SPAD proxy (660 and 
940 nm) 
 

• proxy for yield leaf N 
concentration 
 

• Retail: ≈ $250 

Spectral Sensors: 

Presenter
Presentation Notes
These in-field measurement devices emit active light and receive reflected light to measure as a proxy for N status. These two sensors provide distinct pieces of information, and both are needed to best determine whether an in-season N application will add value to the crop. 



Results: Calibration 

45 
0.77 

Spectral Sensors: Calibration 

Presenter
Presentation Notes
Figure: These graphs show the calibration of the previous slide’s spectral sensors across N and water gradients at key points during crop growth. Protein and yield outcomes as a function of meter readings from the LEAF Chlorophyll meter (leaf measurement) and the Trimble Greenseeker handheld (canopy measurement). The red line indicates the thresholds for low leaf concentration and low protein yield potential, respectively. 



Results: Decision support 

NET ≈ $40 / acre 

≈ - $40 / acre 

*For 4 ton crop with a $0.50 / cwt premium/discount per % above or below target (11%).  

Spectral Sensors: Decision Support 

Presenter
Presentation Notes
Figure: At the bottom of the chart, horizontal Hs and Ls indicate whether the measurements were above (H) or below (L) the thresholds developed for canopy (bottom row of Hs and Ls)  and leaf sufficiency (middle row of Hs and Ls).The goal of using these devices together is to determine whether in-season application of additional N would add value to the crop. 

When leaf values are L and canopy values are H, there is a dramatic response from adding additional N to the crop. This is because these levels indicate that there is sufficient yield potential but that the plant may be low on N. Based on the 11% protein target and listed premium, this addition can result in a value increase of $40/acre (righthand box). On the other hand, if leaf values are L but canopy is also L, there is not sufficient yield potential to make use of the added N. Based on the 11% protein target and listed premium, this addition might waste up to $40/acre of N not put to use. 



Image courtesy: Oklahoma State University 

DIY calibration? 

Field rate 

Field rate + 50% 

300 lb ac-1 
200 lb ac-1 

100 lb ac-1 
50 lb ac-1 

Spectral Sensors: Do-It-Yourself Calibration? 

Presenter
Presentation Notes
One approach to using these sensors to make N management decisions on your own farm would be to apply different quantities of N in “test strips” pre-plant. Then, as you are trying to make a N topdress decision, use both the canopy and leaf sensor to determine whether/how far behind the plants at the field rate are compared to the test strip. They can give you a quantitative value that you can use to estimate/translate into lb/acre.



N Management Strategies  



  50 lbs N 50 lbs N 50 lbs N 50 lbs N Total lb  Protein   Yield  
Pre-Plant Tillering Joint Boot Flowering N/Acre %  Tons/A  

80R         80 10.9 3.70 
80R         130 11.4 3.89 
80R       180 11.7 4.17 
80R       180 13.8 3.88 
80R       180 13.5 3.45 

80R + 50 lb N       230 13.3 3.99 
80R + 50 lb N       230 13.6 4.35 

80R      230 13.6 3.94 
80R + 200 lb N         280 13.3 4.20 
80R + 50 lb N      280 13.7 4.53 
80R + 50 lb N      280 13.5 4.21 

80R     280 13.3 4.51 
80R + 120 lb N       300 13.4 4.22 
80R + 120 lb N       300 13.2 4.40 
80R + 50 lb N     330 13.6 4.57 

LSD 0.60 0.43 
CV 3.20 7.25 

Protein   Yield  
%  Tons/A  

10.3 3.37 

11.0 3.96 

11.4 4.05 

12.8 4.16 

12.4 3.77 
12.7 4.34 

13.5 4.22 

12.7 4.14 

12.8 4.00 

13.5 4.25 

13.4 4.08 

13.1 4.33 

13.0 4.40 

13.0 4.24 

13.5 4.51 

0.57 0.41 

3.19 6.93 

Blanca Grande 
(HWW)515  

Summit 515 (HRW)  Split Application: 

Presenter
Presentation Notes
Both Tables: The goal of this experiment was to examine N application timing and rate methods to achieve an acceptable combination of yields and protein percentages. The approach essentially determines total N required by the crop and then adjusts for any residual soil N. The leftmost column shows how much residual N was observed in the top two feet of soil before planting (80R=80 lbs per acre residual soil Nitrogen). The stars indicate when additional N was added to that particular test plot. The yellow-boxed columns show the yield and protein results of each trial. Note that all N in these experiments was ground-applied by hand. 
 
Left: Hard white wheat variety Blanca Grande. Here, we can see that some sites with low total N reached reasonable yields, but had low protein percentages. The yields reached indicate that the crop likely has access to additional N lower in the profile. Late-season, intermediate N applications (many around 230 lbs/acre), however, reached the same yields and protein percentages as many of the high application levels (around 280 lbs). 
 
Right: Hard red wheat variety Summit. In this trial, there was a bit more difficulty reaching the 13% protein target. However, protein percentages appear to be consistently improved by a late supplemental N addition, during either joint, boot, or flowering stages. 
 
Note: Experiment completed at West Side Research and Extension Center in 2013. 




  50 lbs N 50 lbs N 50 lbs N 50 lbs N Total lb  Protein   Yield  
Pre-Plant Tillering  Joint Boot Flowering N/Acre  %  Tons/A  

80R          80 9.5 3.84 

80R           130 10.9 4.20 

80R           180 9.9 4.07 

80R           180 12.2 4.77 

80R           180 11.9 4.12 

80R + 50 lb N            230 12.1 4.04 

80R + 50 lb N            230 12.8 4.31 

80R            230 12.2 4.44 

80R + 200 lb N          280 12.4 4.32 

80R + 50 lb N             280 12.7 4.35 

80R + 50 lb N             280 12.8 4.36 

80R             280 12.8 4.33 

80R + 120 lb N            300 12.4 4.10 

80R + 120 lb N            300 12.5 4.29 

80R + 50 lb N              330 13.0 4.37 

LSD 0.69 0.31 

CV 4.02 5.13 

Volante (Durum)  
Split Application: Results Cont’d. 

Presenter
Presentation Notes
Table: Durum Wheat variety Volante. This example demonstrates that Durum varieties often demand more N in order to reach high protein contents. Here, the 13% threshold was reached only by applying the highest N level of 330 lbs per acre. Many choose to grow durum for its higher market value. While 4 separate applications might not be practical in a field setting, applying larger quantities at fewer splits could increase lodging.
 
A rule of thumb emerging from these experiments is 3.7 lbs N/100 lbs grain/acre yield. This considers the average demand for optimal yield and protein across several varieties. N rates should be influenced by demand, and N application timing by rainfall and irrigation events. 
 
Note: Experiment completed at West Side Research and Extension Center in 2013.
 




5500 lb acre-1; 11% protein 
• N Demand: 
 3.2 lb N / 100 lb grain 
 ≈ 176 lb N x 1.25 (straw) 
 ≈ 220 lb N 
 
• N Credit:  
 Irrigation NO3-N  
 = 3.5 ppm  
 Irrigate 4”, 2 times 

= 8” x 0.23 x 3.5 
 ≈ 6 lb N 

wheat 

64 lb/ac 

6 lb/ac 

70 lb/ac 

150 lb/ac 

150 lb/ac 

220 lb/ac 

5500 lb/ac 

N Planning Worksheet: Example 

(straw) 

Presenter
Presentation Notes
N Planning Worksheet

Calculations Explained: 

N demand: 3.2 lbs N/100 lbs grain = 176 lbs N X 1.25 (straw) = 220 lbs N

Additional N Credits:
-Preplant soil nitrate-N: 9 ppm= 64 lbs N
-Organic Matter: 30 lbs N per percent organic matter with 0.8% OM = 24 lbs N
-Irrigation water nitrate-N: 3.5 ppm water, irrigated 2 times in 4 inch irrigations: 8’’ X .23 X 3.5 = 6 lbs N

Add fertilizer (150 lbs/acre) and additional credits to worksheet. Management in this manner leads to a balanced N budget for CA wheat. 




A brief note on other small grains: 

• Barley and Oats require substantially less N 
• Optimal yields can be achieved between 50 and 

120 lb N / acre 
 

• Durum wheat may require 130% N to achieve 
quality targets 
• Good timing can help 

Other Small Grains: 



• Evaluate N needs based on realistic yield goal 
– Realistic, long-term averages adjusted for changing conditions or 

capabilities  
• Consider credits from prior crops, amendments, irrigation water NO3

--N 
– Estimate organic N contribution from crop residue, which varies and 

will not fully show up in soil tests 

• Resist tendency to apply “just a little more” than necessary for yield 
goal  
- Consider a 5-10% lower rate based on efficiency gained from split 

applications at appropriate growth stages 
 

Components of N Application Decision Plan: 



Emphasize split applications to better impact yield & protein: 
• Lower application rates pre-plant 

– Avoid losses from slow initial growth, earlier rain/irrigations 
– Initial higher infiltration rates allow more water and soluble nutrients 

to move 

• Split applications better matched to periods of: 
- Higher plant uptake 
- Critical growth stages 
- Reduced soil water infiltration rates  

• Late season N applications 
- Evaluate impacts on grain protein  
- Evaluate potential for losses below root zone with deep soil sampling 

Summary Improved N Management Approach: 



Reduce fallow period / 
pre-plant N applications 
• Inefficient because separate 

from periods of plant uptake 
• Avoid losses during pre-

plant or early growth period, 
when soil water storage 
capacity can be limited with 
rainfall 

Soil Nitrate-N testing 
• Not all soil N is in nitrate form, 

but under most conditions, 
much of readily available N is in 
nitrate form 

• N mineralization can supply 
about 5-40% of needs 

• Soil testing can help: 
– Give confidence in making better 

use of stored soil N 
– Limit waste 
– Protect against leaching losses 

Summary Improved N Management Approach: 

In-field sensors for real-
time protein-yield info 
• Multiple sensors for 

improved predictability 

Presenter
Presentation Notes
Current and future research focuses on:
-Lower pre-plant application rates to avoid leaching losses from early rain/irrigation at the time of slow initial growth,
-More emphasis on split applications matched to periods of a) high plant uptake, b)critical growth stages, and c) reduced soil water infiltration rates
-Specific later season N application to impact grain protein and identify leaching potential. 
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Mark Lundy can be reached for further questions at:
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(559) 884-2411 ext. 206
Rbhutmacher@ucdavis.edu
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