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Presenter
Presentation Notes
Which N loss pathways are most significant in fruiting crop systems?Volatilization: This is a very minor component for coastal row crop productionDenitrification: In heavy soils during periods of rain or heavy irrigation denitrification can be significant. Leaching/Runoff: Will depend on the magnitude of N accumulation in soil, rainfall and irrigation management. Many tile-drainage tests indicate that N leaching is significant. 



Nitrogen Uptake Rates 
In Strawberries 



 
 
 
 
 
 
 
 
 
 
 

Nitrogen Demand and Uptake 

• Limited N uptake until fruiting; by 1st harvest, cumulative crop uptake 
<30 lb/acre 

• After that, N uptake averages 1 lb/acre/day 
• Over the season, total crop N uptake approximately 180-240 lb/acre 

(including runners, roots and cull fruit); fields kept in production 
• Beyond Sept/Oct, uptake continues at a slower rate 

Presenter
Presentation Notes
Figure: Aboveground biomass N content measured in 10 commercial fields (Albion + other day-neutral varieties) is shown. Slow growth and N uptake in early spring increases through summer until reaching 180-240 lbs N/acre by fall. The roughly linear increase indicates that crop N uptake is consistent at about 1 lb N/acre/day, depending on yield. If the crop is kept up into the fall, uptake will slow as weather cools. Note that the Santa Maria area is ahead in uptake because it has an earlier season, but its pattern is the same.  Note: Root N biomass was not measured in this experiment because of very low N concentration. To account for N removal at harvest, fruit N content between each sample date was added to vegetative biomass N measured at each sample date. Fruit N concentration was estimated by multiplying the commercial yield by the average fruit N content (cull fruit was excluded).  Note: To scale these estimates according to a particular yield, use an average of 2.5 lbs N/ton of fruit. Fruit represents about 50% of a plant’s total N uptake including culls.



Fertilization practices : 
      

Ave Min Max 

Preplant 106 24 234 

Fertigated  93 3 304 

Total 200 118 424 

Nitrogen Demand and Uptake 

Presenter
Presentation Notes
Figure: A wide range of N rates are applied throughout the state. Across these 40 commercial fields in Watsonville-Salinas and Santa Maria, the average is roughly 200 lbs/acre, split between preplant controlled release fertilizer and fertigation. Though not shown here, there was no correlation seen between application rates and yield. 



Use of Preplant Controlled Release 
Fertilizers in Strawberries 



How effective is preplant Controlled Release Fertilizer? 
• Most common product is 18-8-13, 6-8 month release 
 

    Issue 1: Is the P and K needed? 
• Fertilization unlikely to be needed in soil greater than 50 PPM 

Olsen P, or 200 PPM exchangeable K 

Are P and K Needs Driving N Application? 

Presenter
Presentation Notes
Note that in the previous example, almost all fields tested utilized preplant controlled release fertilizers, most of which contain substantial amounts of P and K. Many growers also fertigated P and K.  How effective is this practice? Figures: There was no apparent correlation between P and K application and soil test P and K availability, suggesting inefficient management.  Many of the soils contained adequate P and K to supply a strawberry crop without supplemental fertilizer.  



Fruit quality is not enhanced by excessive soil K  

Does Excess K Improve Fruit Quality? 

Presenter
Presentation Notes
Figure: There was no correlation with fruit and soil K concetration, indicating that excess K application does not improve fruit quality because the K is not taken up and translocated into the fruit. 



• When CRF was applied in November, 70-80% N release by April 1 
• Most commercial CRF applied even earlier 

N release was nearly linear over time: 

Effectiveness of CRF for Strawberries: 

Presenter
Presentation Notes
How effective is preplant controlled release fertilizer in getting N to crops during early growth? Figure: In the Watsonville area bags of controlled release product were buried in November, and were then periodically tested to see how much N remained in the prills. Release was roughly linear, and 70-80% of N from the 6-month products had been released by April. 



Controlled Release Fertilizer release poorly matched with crop N uptake: 
• Average 18-8-13 application was ≈ 106 lb N/acre 
• By April 1, >80 lb N released, with <30 lb crop N uptake 

Effectiveness of CRF for Strawberries: 

Presenter
Presentation Notes
Figure: N release over time is shown by the red dotted line and is overlayed with the pattern of crop N uptake (red and black triangles). This figure suggests that they are poorly matched.  By April 1, we can estimate that of the typical CRF application of 100 lb N/acre about 80 lbs N have been released, but that less than 30 of those lbs have been taken up by the crop. Therefore, what has happened to the roughly 50 lbs of N (80 - 30) that was released but not taken up by crops? Does it remain in the root zone? See next slide. 



Is released CRF N still available for spring uptake? 
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Soil NO3-N in top 30 cm of soil: 

PPM NO3
--N x 3.8 = approximate lb N/acre in the top foot of soil 

Effectiveness of CRF for Strawberries: 

Presenter
Presentation Notes
Figure: Nitrate content in root zones (top 30 cm) was measured in 9 fields beginning at November establishment. Measurements were recorded again in April.  It was generally found that soil nitrate content in the root zone was much lower than it had been at establishment. This implies that the N released from CRF prills (previous slide) has not remained in the root zone. 



Measuring NO3
--N leaching: 

Suction lysimeters 
at 60 cm depth 

Controlled vacuum held 
throughout one irrigation 
cycle per week 

Leaching volume estimated from crop ETc , 
irrigation applied and change in soil 
moisture 

Presenter
Presentation Notes
Some measurements of nitrate leaching in strawberry production have been made using a system that collects samples of soil solution below the root zone. Estimates are made for the amount of N passing this depth by multiplying nitrate concentration by the volume of leachate, determined by soil and irrigation monitoring.



Measuring NO3
--N leaching: 

Presenter
Presentation Notes
Figure: Measurements show that in strawberry production, NO3--N leaching loss predominately occurs during the winter 



So, how to handle preplant CRF ? 
• A modest amount of CRF is reasonable protection against loss of soil 

nitrate by irrigation for crown establishment, or winter rain; however, 
individual field conditions should be considered 

• The faster the CRF release rating, the greater the mismatch between 
N release and crop uptake 



Field-Specific N Management 
In Strawberries 



Contribution of soil N mineralization: 
• Between 5 - 6% of soil organic matter is organic N 
• You can generally count on net mineralization of at least 1-2% of soil 

organic N content during a vegetable crop season, more for a 
strawberry season 

Example: 
Top 12 inches of soil weighs ≈ 3,800,000 lb/acre 
       ≈ 2,000 lb organic N per % organic matter 
       ≈ 20-40 lb N/acre per % soil organic matter 

Crediting Organic N: 

Presenter
Presentation Notes
Note: the final amount is multiplied by % soil organic matter, perhaps around 1%.  The 1-2% net mineralization figure is for a vegetable crop season of about 60 days.  The example calculation breaks down as:3,800,000 lb (soil dry weight) x 1% (soil organic matter content) x 5% (amount of soil organic matter that is N) x 1-2 % (the fraction of soil organic N likely to mineralize in a growing season) = amount of soil N mineralizedTherefore, on a per acre basis for a soil with 1% organic matter, the estimated N mineralization would be:3,800,000 lb x 0.01 x 0.05 x (0.01 to 0.02%) = about 20-40 lb N/acre Note: in systems where manure and other organic materials are being applied, these portions would be higher. Behavior of N mineralization would also change in a system with very high organic matter content.There will also be higher mineralization in a strawberry system because of the longer growing season (10 months compared with 2-4 months for a typical vegetable crop). However, to calculate the mineralized proportion you cannot simply scale up based on the length of the growing season, because N mineralization declines with number of days after tillage. Exact figures have not been made for strawberry production. 



 
• Once fruit harvest begins, crop N uptake is quite consistent, so 

fertigation should be as well 
• Strawberry N uptake is slow, so large soil nitrate reserves are not 

needed; a majority of berry fields monitored were maintained at <10 
PPM soil NO3

--N during the harvest season.  There were high yield 
fields in both N management categories  
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Managing fertigation: 



Monitoring Tools: 

Soil NO3
--N testing: 

• Must avoid direct sampling of CRF band 
• Winter/early spring sampling may indicate when fertigation 

should commence 
     - action threshold of 10 PPM suggested 
• Fertigation season soil sampling of limited value, except as a 

guide to reducing fertigation 

Tissue testing: 
• Leaf total N provides useful indication of overall N status 
• Petiole NO3

--N gives highly variable results, of little utility 



Current strawberry tissue nutrient 
guidelines available at the California 
Strawberry Commission website 

http://www.calstrawberry.com  

Monitoring Tools: 
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Presentation Notes
Tim Hartz can be reached for further questions at: (530) 752-1738tkhartz@ucdavis.edu


