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Presenter
Presentation Notes
Which N loss pathways are most significant in cool-season vegetable production?

Volatilization: This is a very minor component for coastal row crop production
Denitrification: With sprinkler irrigation on heavy soil, denitrification can be significant. 
Leaching/Runoff: Will depend on the magnitude of N accumulation in soil, and with irrigation management. Many tile-drainage tests indicate that N leaching is significant. 

Note that mineral N carried forward from one crop to another leads to short-term N buildup in soil. It is not equivalent to long-term accumulation of organic form N bound up in soil. Because of the frequency of tillage and irrigation in these systems, there is not likely very much accumulation of soil organic N. 




Growth and N Demand Rates 
in Cole Crops and Leafy Greens 



Characteristic Growth: Vegetables 

• All vegetables initially have a slow growth rate, 
when there is little biomass accumulation or N 
uptake 

• About 30 days after seeding/transplanting, growth 
becomes rapid and the rate is linear 

• Spinach may grow rapidly until the day of harvest 
• Broccoli & lettuce growth rates may slow prior to 

harvest 
 

 
 
 
 



N Accumulation: Vegetables 

• N accumulation closely follows the rate of 
biomass accumulation 

 
• Although N concentration in crop tissue may 

decline a bit, total N accumulation in the 
crop biomass increases dramatically as crops 
mature 
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Presenter
Presentation Notes
Upper Left (Growth): Dry weight doubles twice in eight days, demonstrating the rapid growth phase of spinach. Note that dry weight is used because it is representative of the level and timing of photosynthesis 
 
Bottom Right (N Demand): With spinach, the time between baby, teenage, and bunch might be very short (3 days or 1 week, respectively), but accumulation continues rapidly throughout. 




Biomass Accumulation by Broccoli  
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Characteristic Growth: Broccoli 

Presenter
Presentation Notes
Figure: While broccoli has a much longer growing season than spinach, its growth pattern is similar overall to spinach and other leafy greens. 
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Growth and N Accumulation: Lettuce 

y = 4.4x - 109
r2 = 0.86

0

50

100

150

200

0 20 40 60 80

Days after planting

B
io

m
as

s 
N

 (l
b/

ac
re

)

King City, Summer:  

Presenter
Presentation Notes
Upper Left: After thinning, lettuce follows linear growth and N accumulation, averaging 3-4 lbs N/day during 30-60 days.
 
Bottom Right: Warmer temperatures create faster growth and N accumulation




N Uptake  
in Cole Crops and Leafy Greens  



Typical peak N uptake rates for vegetable crops: 
•  3-4 lb  / acre / day in cool conditions 
•  4-6 lb  / acre / day in warm conditions 

N Uptake: Vegetables 

Presenter
Presentation Notes
The peak N uptake rate for vegetables varies based on temperature and specific crop. High N demand for short periods of time necessitates keeping robust quantities of N in the root zone during peak demand. This is challenging because nitrate-N is susceptible to deep percolation with irrigation water. 
 
High density coastal crops like spinach may reach as high as 8-9 lbs/acre/day during peak period. 

Note: Graph is a general representation for annual vegetables.  Leafy greens typically harvest near peak N uptake rate (arrow), while fruiting crops like tomatoes harvest later, after N uptake rate has started to decline.




 
Crop type 

lb N / ton  
of fresh weight 

Fruiting Cantaloupe 3.0 

Honeydew 2.1 

Pepper 3.2 

Tomato 3.1 

Watermelon 2.0 

Vegetative Broccoli 11.6 

Lettuce 4.0 

N Uptake Rates: Vegetables 

Presenter
Presentation Notes
How much N to apply to crops of varying yields? The USDA tool used to generate the above tabled values estimates the amount of N contained in the harvested fresh weight of a specific crop. 

Note: the values presented in this table are generalized; individual fields may differ considerably.

The USDA calculator tool used to generate these values can be found here: http://plants.usda.gov/npk/main 




Crop Nitrogen Uptake 
Lbs N/A/Day 

# of days of rapid  
nitrogen uptake 

Lettuce  
(north valley) 

3.7 30-35  

Lettuce  
(south  valley) 

4.4 30-35 

Spinach 5.1 15 

Broccoli  
(summer) 

5.7 60 

Broccoli  
(winter) 

2.6 90 

N Uptake Rates: Vegetables 

Presenter
Presentation Notes
The total amount of N taken up by the crop depends on the length of the crop cycle and the daily demand by the crop. Crops like spinach and lettuce have high N demands that last 15 and 30 days, respectively, while broccoli has high N demand over a longer period. 
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N Uptake: Effects of Rooting Depth in Spinach 

0

5

10

15

20

25

0-4 4-8 8-12 12-16 16-20 20-24

%
 o

f t
ot

al
 ro

ot
s 

Depth (in) 

Rooting Depth:  

Depth (in) 

N
O

3- -N
 (m

g/
kg

 so
il)

 

Nitrate Distribution 
Post-harvest:  

Presenter
Presentation Notes
Left: The figure shows average rooting depths at 4 sites and shows root density at harvest, when roots are at their greatest depth. We can estimate that the proportion of roots in the top 8 inches was even greater during most of the growth cycle. 
 
Right: Shallow rooting depths combined with irrigation can lead to accumulation of N below the root zone. 
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N Uptake: Effects of Rooting Depth in Lettuce 

Rooting Density at 
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Presenter
Presentation Notes
Left: Most of the roots are concentrated in the top 12 inches of soil (dark blue and purple shades).
 
Right: Roots in the top portion of the soil are very effective at capturing nitrate. N accumulates at high concentrations just below the rooting depth (dark blue and purple shades). 
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N Uptake: Effects of Rooting Depth in Broccoli 

Presenter
Presentation Notes
Figure: Like other cole crops, broccoli roots can stretch up to 4 feet deep. They are therefore more effective at capturing N throughout the soil profile.  However, the establishment of deep roots takes time, so nitrate leaching can still occur in the early and mid-portions of the growing season. 
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Presenter
Presentation Notes
Figure: In this study, an average of 93 lbs N/acre were taken up by spinach, but growers applied an average of 175 lbs N/acre (rightmost blue and red bars). Only two growers (sites 1 and 2) adjusted fertilizer application based on measured soil nitrate concentrations. For all other sites, 119% more N was applied than was taken up. 

This situation demonstrates the potential for soil nitrate testing to improve efficiency. 



Nitrogen application to lettuce lbs N/A 
Spring  Summer 

Highest field 392 306 
Lowest field 70 27 
Overall Average 215 152 
Average of highest 50% of fields 281 198 
Average of lowest 50% of fields 149 106 

Lettuce nitrogen uptake varies from 120 to 140 lbs N/A 
depending on planting configuration and type: 

N Uptake: Rates in Lettuce 

Presenter
Presentation Notes
Table: A wide range of application practices are currently being used across the state. There is great potential to improve efficiency of N application in lettuce.




Crop Dry Biomass 
Lbs/A 

Percent  
Nitrogen 

Harvest 
Product 

N/A 

Residue  
 

N/A 

Scavenged  
from  
soil 

Broccoli 8,585 4.0 99 238 155 
Cauliflower 6,930 4.1 61 224 21 
Cabbage 11,564 3.0 188 163 97 

N Uptake: Rates in Cole Crops 

Presenter
Presentation Notes
Table: The deeper roots of cole crops compared to leafy greens make their N needs and use unique. Cole crops can scavenge N from deep in the soil that may have been lost to previous, more shallowly rooted crops.



Field-Specific N Management 
In Cole Crops and Leafy Greens 

• Tissue and Soil Testing 
• Other N Credits 

• Reporting 



Petiole N Monitoring: Limitations in Lettuce  

C.V = 13% 

C.V. = 46% 

2009 Lettuce N trials, cupping stage: 

• Much more variable than leaf total N  

Presenter
Presentation Notes
Figures: Horizontal black lines represent critical values (sufficiency thresholds) for each test type. In this experiment, each field received both tests – leaf total N and petiole nitrate - on the same day. Figures are arranged in order so that the left-most bar in the top figure comes from the same field as the left-most bar in the bottom figure. 

This figure demonstrates that the tests do not always agree with each other at the early stage of cupping and that results from petiole N testing are highly variable and not reliable.

In this way, advising a grower to apply additional N any time petiole values dip below a certain threshold may result in potential leaching losses.  
 
Note: in this study, yield was not a limiting factor in any field. 
 




• How much can environmental factors influence  
 petiole NO3

--N? 
• Six sprinkler-irrigated coastal broccoli and cauliflower 

fields, sampled every 2 days over a sprinkler irrigation 
cycle : 

 

Petiole N Monitoring: Limitations in Cole Crops  

Presenter
Presentation Notes
Figure: In some fields tested, the petiole NO3-N results were consistent over the 6 days after irrigation. But in others, they varied widely even though no additional rain or irrigation occurred. This is caused by environmental factors that influence the rate of conversion of nitrate to organic N compounds in the plant and indicates little about N concentrations in the field. 
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Presenter
Presentation Notes
The nitrate quick test measures the amount of residual soil nitrate-N. It can be used to delay or reduce N fertilization in fields with significant residual soil nitrate-N.

Figure: A typical pattern of residual soil nitrate-N in coastal vegetable fields is shown. Residual soil nitrate levels in the first crop typically begin low, so relatively high fertilization rates may be necessary. However, soil nitrate can build up over the season, so that second crops often require much lower fertilization rates. 





spinach 
spring mix 

lettuce 
celery 

broccoli 
cauliflower 

Typical residue N 
content (lbs/acre) 

 
20-40 

 
60-80 

 
160-240 

Typical residue %N 5-6 2.5-3.5 3-4.5 

Other N Credits: 
Contribution of Prior Crop Residue 

Presenter
Presentation Notes
Crops vary widely both on the amount of N typically contained in residue, and in the N concentration of that residue; both factors profoundly influence the N contribution to the following crop.



• A high percentage of residue N is mineralized within weeks of incorporation 
• Within 4-6 weeks after incorporation, the rate of residue N mineralization 

slows 
• The majority of residue effects on soil N availability can be directly 

measured by soil nitrate testing before fertilizing the subsequent crop 

Other N Credits: 
Contribution of Prior Crop Residue 

Presenter
Presentation Notes
Figure: An experiment to test residue N contribution in controlled moisture conditions is shown. Across a range of N concentrations typical of leafy green crops, within two weeks more than half of the N has been mineralized. Conversion is slower at lower N contents, but the general trends are similar across contents. There is rapid conversion to available N over first 4-6 weeks after which point it slows down and plateaus. 
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Presenter
Presentation Notes
Tim Hartz can be reached for further questions at:
 
(530) 752-1738
tkhartz@ucdavis.edu

Richard Smith can be reached for further questions at:
(831) 759-7257
rifsmith@ucanr.edu



