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Accumulation of P with fertilization

Legacy P in North Carolina

%Crop
85Grains
87Cotton
96Peanut
73Pasture/hay

NC fieds (High or Very High P)

NCDA&CS Soil Testing Lab 
(FY 2019 + 2020 – 431,884 reports)

1

2

3



Livestock and Poultry Environmental Learning Community Webinar Series March 15, 2024

The archived presentation will be available at: https://lpelc.org/archived-webinars/ 2

P Drawdown
How much time 
Is needed to reduce 
the soil P to a certain level?

Legacy P
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Kamprath (1999) – North Carolina

Drawdown factor
2.9 – 5.3% / year

doi:10.1080/00103629909370256
Fiorellino et al. (2017) – Maryland

Drawdown factor
2.9 – 5.4 % / year

doi:10.2134/agronj2016.07.0409

Preselected criteria to include papers in this Meta-analysis

- Papers with at least one treatment with Phosphorus drawdown  (plant growth without P application)  

- Drawdown treatment contains soil P data before and after at least 4 years of drawdown

- Soil analysis by one of these 4 methods: Mehlich-1, Mehlich-3, Bray, or Olsen

- Similar pattern of P drawdown in different studies

Objective:

- Determine factors affecting the P drawdown rate

Motivation for our Study:

- Determine the average yearly reduction in available P when fertilization is stopped
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27 publications 14 publications
- at least a 4-years interval
- Mehlich-1, Mehlich-3, Bray, Olsen

- included P drawdown curves

Systematic Review

56 drawdown 
sites/treatments

13
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Northern Ireland: 2
France : 1 

1

Canada 

14 Publications
56 sites/treatments

WebPlotDigitizer

Data Extraction
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y = 0.7417x2 - 15.897x + 149
R² = 0.9298
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Eghball et al. (2003)

Cox et al. (1981)

Cade-Menun et al. (2017)

Zhang et al. (2020)

Liu et al. (2019)
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Kamprath (1999)

Cox et al. (1981)

McCollum (1991)
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Kratochvil et al. (2006)

Fiorellino et al. (2017)

Cade-Menun et al. (2017)

Messiga et al. (2010)
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Dodd and Mallarino (2005)
Barber (1979)
Webb et al. (1992)
Randall et al. (1997)

Meta-data Selection and Extraction

Soil P Method

- Mehlich-1
- Mehlich-3
- Bray
- Olsen

Initial soil test P Crop rotation

- Grain
- Double cropped Grain
- Haylage
- Pasture

Soil texture

- Clayey
- Loamy 
- Sandy

- 0 – 25 mg/kg
- 26 - 50 mg/kg
- 51 – 100 mg/kg
- 101 -150 mg/kg
- 151 – 250 mg/kg

Crop Yield

P export

Soil CEC

Soil pH

Decision 
tree 
analysis

Drawdown Rate (mg/kg/year)
was calculated for each site-year
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What factor is the most important for the Drawdown Rate?

- Initial P availability
- P method
- Crop rotation
- Soil Texture

Statistical approach:
Bootstrap Forest of Decision trees
(1,000 trees for each year)

Average 10yr∆10∆9∆8∆7∆6∆5∆4∆3∆2∆1
0.839280.75980.79440.82670.85960.85930.88240.87280.84970.85180.8363Initial P
0.11570.2050.17220.14260.11450.10670.08470.08680.07840.0760.0901P method

0.033780.01860.02010.02260.01930.02580.02490.03050.05890.05640.0607Crop
0.011240.01660.01330.00810.00660.00810.00810.00990.01290.01590.0129Texture

0.76680.80.8260.3810.8590.8640.8560.8460.7650.7470.724Rsquare

- 5 classes of Initial P availability

- 5,000 resampling for each year

- calculate Confidence Intervals

Procedure for the meta-analysis:

Bootstrapping in each year
separated by Initial P availability

Results
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7.8
mg/kg/yr

7.8
mg/kg/yr

8.2
mg/kg/yr

5.2
mg/kg/yr

5.2
mg/kg/yr

P Drawdown Rate

4.6
mg/kg/yr 3.1

mg/kg/yr 3.0
mg/kg/yr

3.0
mg/kg/yr 2.1

mg/kg/yr 2.1
mg/kg/yr

1.1
mg/kg/yr 0.7

mg/kg/yr 0.4
mg/kg/yr

Drawdown Factor

Time to reduce P in 50%
(years)

Yearly Drawdown Factor
(mg/kg/yr)

Initial P availability
(mg/kg)

12.7 7.80 – 25

12.05.726 – 50

10.23.551 – 100

8.02.3101 – 150

15.30.9151 - 250

Conclusions

Soil Initial P availability is the most important factor affecting P Drawdown

In the First 15 years of Drawdawn, the Drawdown factor vary from 0.9 to 7.8 mg/kg/year

In general, it is possible to draw down 50% of P in 8 to 15 years without fertilization

Gatiboni, L., Shober, A., Fiorellino, N. Osmond, D., Mosesso, L. 
Drawdown of soil phosphorus by crop removal: A meta-analysis of 56 
fields with halted fertilization. Soil Sci. Soc. Am. J. (2024) 

Under Review
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