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Which N loss pathways are most significant in fruiting annual crop systems?

Volatilization: This is a very minor component for row crop production
Denitrification: This is a minor consideration for Central Valley conditions. However, for growers applying dairy waste products or furrow irrigating, denitrification can be significant. 
Leaching/Runoff: Will depend on the magnitude of N accumulation in soil, which varies based on use or absence of tillage. Many tile-drainage tests indicate that N leaching is significant. 

Note that mineral N carried forward from one crop to another leads only 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 reliance upon tillage in these systems, there is not likely very much accumulation of organic form N in soil. 




Growth and N Demand Rates 
in Tomatoes and Melons 



Characteristic Growth Pattern 
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Universal sigmoidal growth profile:
1. Between planting and establishment, low growth
2. A few weeks after transplant, period of rapid growth
3. At peak growth, either harvest (lettuce, green on graph) or allow to senesce and ripen as growth slows (processing tomato, red on graph)
 
The rate of biomass accumulation across crops is reasonably similar, but differs based on how long the crops remains in the field. In most cases, N accumulation closely follows the rate of biomass accumulation.




N Accumulation: Tomato 
 
 
• N accumulation follows the same pattern as growth: 

Data from four high-yield fields 
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Presentation Notes
Observation of the pattern of biomass accumulation provides a visible indication of when crop N uptake occurs. While the absolute magnitude of N uptake varies among crops based on the rate and total amount of biomass accumulation, the basic sigmoidal shape is the same across many fruiting annual crops.
 
Figure: Growth begins with a period of low uptake of less than 1 lb/acre/day for a few weeks after establishment. In the following period of rapid growth, the daily rate of N uptake increase several units. Finally, uptake ceases at the point where growth stops and senescence begins at approximately 120 days after transplanting for tomato.




Data from 3 high-yield hybrid cantaloupe fields 

N Uptake: Cantaloupe 
 
 
• N uptake follows the same pattern as growth: 
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Presentation Notes
Observation of the pattern of biomass accumulation provides a visible indication of when crop N uptake occurs. While the absolute magnitude of N uptake varies among crops based on the rate and total amount of biomass accumulation, the basic sigmoidal shape is the same across many fruiting annual crops.
 
Figure: Growth begins with a period of low uptake of less than 1 lb/acre/day for a few weeks after establishment. In the following period of rapid growth, the daily rate of N uptake increase several units. Finally, uptake ceases at the point where growth stops and senescence begins at approximately 75 days after transplanting for cantaloupe melon.  




Nutrient Partitioning in Fruiting Crops: 
 
• N partitioning by processing tomato: 

General rule:   
In fruiting crops, fruit typically represents 50-70% of total crop N uptake 
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Figure: In fruiting crops, most biomass N accumulation occurs initially in the vine. When fruit begins to grow rapidly, the vine is mined for N, P, and K starting at 9 weeks. From the week 9 onward, the vine remobilizes N into the fruit, as indicated by the negatively sloped green line (vine) and the positively sloped red line (fruit).
 




N Uptake  
in Tomatoes and Melons 



Vegetative crops typically harvest 
near peak N uptake rate 

Fruiting crops typically harvest 
after peak N uptake rate 

N Uptake: Fruiting Crops 
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Figure: Weekly crop N uptake rates are shown. Fruiting crops are generally harvested weeks after the peak N uptake. 




Individual fields can differ widely in nutrient uptake: 
 
 Fruit yield Crop N uptake (lb/acre) 

Tons/acre vine fruit total 

Field 1 53 65 179 244 

Field 2 56 168 198 366 

Field 3 58 139 150 289 

Field 4 58 145 148 293 

‘Luxury uptake’ 
• nutrient uptake that neither increases yield nor product quality 
• often 10-20% of the total crop N uptake, sometimes more  

N Uptake Rates: Tomatoes 
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Table: Comparing several fields with similar commercial yields, there is variation in N total crop N uptake at harvest. 

Field 1 has extremely low vine N, suggesting that it is borderline N-deficient and that vine N has been heavily mined. Field 2 has extremely high vine and fruit N, suggesting luxury N uptake (uptake that does not increase either the yield or quality of the crop), a sign of excessive soil N availability. While crops generally do not take up much N beyond demand, they can take up a limited amount of luxury N when available.




 
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: Tomatoes 
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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 




Field-Specific N Management 
In Tomatoes and Melons 

• Other N Credits 
• Tissue Testing 



• Soil residual NO3-N varied from 23-219 lb/acre, averaged 80 lb/acre 
• Grower N application did not reflect this difference; ranged from  
      115-320 lb/acre, averaged 190 lb/acre 

Data from Horwath et al., 2013 

Commercial processing tomato fields: 

Field-Specific N Management: 
Soil Nitrate Testing in Tomatoes 
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Sampling for residual soil nitrate is important for field specific N management. 

Figure: N application and residual soil nitrate in the top 20 inches were monitored in 20 commercial fields. The three fields with the highest residual N received the most N fertilizer. Across all fields it is clear that growers are generally not adjusting their fertilizer rates based on residual soil nitrate. 
 
Note: ammonium N is not typically measured in these samples because it has likely all undergone nitrification and therefore is present only at a low concentration at the point of sampling for residual soil nitrate. It would be useful to sample for ammonium N soon after manure or compost application.  




wheat tomato broccoli 
Typical residue N 
content (kg/ha) 

 
60 

 
80 

 
200 

Residue %N 1.5 2.5 3.5 

In general, more than 90 days after soil incorporation, crop residue N behaves similarly 
to that of existing soil organic N 

Field-Specific N Management: 
Contribution of Prior Crop Residue 
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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.
 
Figure:
Green: Residue of very high N content
Yellow: Residue of intermediate N content
Red: Residue of low N content 
 
These examples show the range of N concentrations.  When following a high N concentration crop (ex: lettuce), within several weeks more than half of this N will mineralize and be available. For a crop with a medium N content, you can assume that about 1/3 of its N will become available  within several months of soil incorporation. A crop with a very low N content (ex: cereal grain) will not likely contribute mineralized N to the following crop. These residues may even immobilize N, represented by the negative-sloped portion of the red line, necessitating application of additional N before the following crop. 



lb N/acre 

 
Growth stage 

Total plant 
 N content 

 
N uptake/day 

Daily uptake as % 
 of biomass N 

Early bloom 25 1 4 
Mid fruit set 80 3.5 4 
First red fruit 160 4.5 3 

Leaf total N substantially above the sufficiency level indicates sufficient 
biomass N to accommodate 7+ days of crop growth 

• Advantages of leaf total N: changes slowly 

Plant Tissue Testing: 
Leaf Total N Monitoring, Tomato Example 
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Table: Total leaf N concentration changes relatively slowly over time, because the daily crop N uptake is small percentage of the crop’s total biomass N. This means that if the crop is comfortably above the N threshold on day of testing, it will likely remain so for the following week to ten days.  This is particularly true in the first half of the growing season. During fruit development leaf N concentration can decline more quickly because the fruit will remobilize nutrients from the vegetative portion of the plant.




 

  Red symbols 
from fields in 
which N 
availability 
limited yield 
  Green symbols 
from fields with 
adequate N to 
maximize yield 

• Limitation of leaf total N: doesn’t reflect soil N availability until the 
high N uptake period, so it is a flawed guide to early season N 
fertilizer need  

Sufficiency level 

First red fruit Full bloom Early flowering 

Plant Tissue Testing: 
Leaf Total N Monitoring, Tomato Example 
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Figure: Data from survey of 20 different organic tomato fields in the Sacramento Valley is shown. The fields were classified as N deficient or N sufficient based on late-season N status, then leaf N concentration was evaluated retrospectively to see how clearly they reflected the need for additional N fertilization.  Until about mid season, fields with sufficient N (green diamonds) and fields with deficient N (red squares) could not be clearly differentiated. Only later in the season, at the high N uptake period, did N deficiency become apparent. 

This result indicates that adequate leaf N in the early season is questionable guide to whether additional fertilizer application will be required. 
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Tim Hartz can be reached for further questions at:
 
(530) 752-1738
tkhartz@ucdavis.edu


