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Nutrient balance and 4R nutrient stewardship
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Ten tenets of sustainable soil management

1.

10. N~ causes of Soil
Traditional Degradation
Knowledge
and Modern
Engine of

Economic

Soil Stewardship
and Human

Development Sustainable

Soil
Management

8.
“Analogous to a bank account, it is also not possible
to take more out of a soil than what is put in it
without degrading its quality ... Thus, managed
ecosystems are sustainable in the long term if the
output of all components produced balance the

input into the system.” ~
Source: Rattan Lal. J. Soil and Water Conservation 64(1): 20-21A QW[PN'
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Nutrient Budgets ...

e useful insights into the balance between nutrient
inputs and outputs in crop production

e unlike financial budgets ... only partial budgets because
of inaccuracies in determining inputs/outputs
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Partial Nutrient Budget

Losses also Include soil
erosion, leaching,
denitrification,
volatilization

Nutrient additions to the field
also include N fixation by
legumes, atmospheric
deposition and nutrients in
irrigation water

Removed
with harvest

Fertilizer and manure R\
additions Rire Returned in

| N i/ _.3j-:::' Crop
=Y y residue
= g
1st yr uptake /Z 3;5 R‘R |

From soil
Soil available nutrient reservoir
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Partial N budgets for North America, billion |b

(average of 1998-2000)

US | Canada NA

Applied fertilizer 2 IG 28.3

Recoverable manure 2.6 0.28 2.90

N fixation 15.6| 1.41 17.0

Crop removal 321 502 37.1

Balance (inputs-removal) | 10.8 | 0.31 11.1
Removal to use ratio

with manure 0.75| 0.94 0.77
Removal to use ratio

without manure 0.80( 0.99 0.82

Crop removal =N removed in harvested portion of alfalfa, soybeans, peanuts, 49% of
lentils, and 54% of dry peas; It was assumed that any fixed N not recovered in the

harvested crop was countered by soil N taken up during the growing season.

Source: Plant Nutrient Use in North American Agriculture, PPI/PPIC/FAR Technical Bulletin 2002-1
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Partial P,O. budgets for North America, billion Ib

(average of 1998-2000)

US | Canada | N.A.
Applied fertilizer 8.8 1 5 10.3
Recoverable manure 213 0.4 3.7
Crop removal 11.4 1.87 13.3
Balance (inputs-removal) | 0.7 0.04 0.7
Removal to use ratio
with manure 0.95 0.98 0.95
Removal to use ratio
without manure 1.3 1.24 1.29

Source: Plant Nutrient Use in North American Agriculture, PPI/PPIC/FAR Technical Bulletin 2002-1
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Partial K,O budgets for North America, billion Ib

(average of 1998-2000)

US | Canada | N.A.
Applied fertilizer 10.1 0.78 10.9
Recoverable manure 3.8 0.5 4.3
Crop removal 19.3 2.64 21.9
Balance (inputs-removal) | -5.4 | -1.36 -6.7
Removal to use ratio
with manure 1.39 2.06 1.44
Removal to use ratio
without manure 1.91 3.40 2.02

Source: Plant Nutrient Use in North American Agriculture, PPI/PPIC/FAR Technical Bulletin 2002-1
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Partial budgets for six leading corn states, billion Ib

(average of 1998-2000)

without manure

N P,O. K,O

Applied fertilizer 8.8 3.0 4.1

Recoverable manure 0.5 0.9 1.0

N Fixation 3.4 — =

Crop removal 14.5 5.1 6.6

Balance (inputs-removal) | 3.3 -1.3 -1.5

Removal to use ratio 0.82 1.33 1.30
with manure

Removal to use ratio 0.84 1.71 1.62

Source: Plant Nutrient Use in North American Agriculture, PPI/PPIC/FAR Technical Bulletin 2002-1
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Ratio of P and K removal to fertilizer use plus manure
nutrients applied to corn, soybeans, wheat, and
cotton in the U.S.
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Source: Plant Nutrient Use in North American Agriculture, PPI/PPIC/FAR Technical Bulletin 2002-1 (WIPNI



NuGIS

Nutrient Use Geographic Information System

e Project is about mapping and spatial analysis of
nutrient use data.

— Initially sponsored by the PPI/TFI Nutrient Use Task Force
then continued by IPNI

e Phase |: discovery of data sets and sample analysis
e Phase Il: focused on national net nutrient budgets at
the county and watershed levels.

— national maps of commercial fertilizer, manure and
nutrient removal from major crops for the years of the Ag
Census 1987, 1992, 1997, 2002, and 2007.
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Legend for maps to follow

Ratio of nutrient removed by crops
to fertilizer nutrient applied plus

Removal/Use Ratio nutrients in recoverable manure.

B 000-030 T
B 0.31-050

— Crop removal is less than fertilizer use ...

B 0.51-0.70 building soil fertility
0.71-090 _
0.91-109 Balanced budget (removal = use)
1.10-200 -
2.01-300

| | 301-600 — Crop removal is greater than fertilizer use ...
- 6.01-12 00 depleting soil fertility
B - 120 -
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Estimated Nutrient Removal to Use by Hydrologic Region

MNutrient Removal by Cropsiadj)/ (Fertilizer + Recoverable Manure Nutrients + Legume N Fixation)

N Removal [ Use
NRat 2007

0 20-045
I 0.46-060
[ Jos1-075

Map Producsd By
PAQ Interactive,
fr IPNI, July 2009

Sources: State Boundaries: ESRI; Watershed, Region, USGS;Fedilizer estimated using data from: AAPFC O 1987 - 2007. Crop Removal and Recoverakle Manure Nutrien
|:| 0.76-0390 calculated using data from: Census ofAgriculture 1987 - 2007 USDA/ NASS: NASS Quick Stats, 1985 - 2008 USD A/ NASS, and \Various State and regional MASS / ERS/
I:l 091-109 USDA publications. Mutrient use by crops estimates from IPNI. Nutrient Removal based on detailed analysiz of 21 Crops.

- b Nitrogen fxation by Legumes (Soybeans, Alfalfa, and Peanuts) is considered equvalent to 100% ofthese crops’ Nitrogen Remowal. Nutrient Removal values
- <1.09 or cropg, IPNI. (adj) Removal valuss adjusted by state for % of removal represented
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Estimated Nutrient Removal to Use by Watershed

MNutrient Remaoval by Crops(adj)/ (Fertilizer + Recoverable Manure Nutrients + Legume N Fixation)

N Removal | Use

NRat2007
B ooo-010
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Totmtmtm s s e = e pfAgriculture 1987 - 2007 USDAJ NASS; NASS Quick Stats, 1985 - 2008 USDAJS NASS, and Various State and regional NASS JERS Y

Map Producsd By
PAQ Interactive,
BrIPNI, July 2009
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Estimated Nutrient Removal to Use by Hydrologic Region

Mutrient Removal by Crops(adj)/ (Fertilizer + Recoverable Manure Nutrients)

P205 Removal | Use
PRat2007
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Map Produced By
PAQ Interactive,
BrIPNI, July 2009

Sources: State Boundaries: ESRI; Watershed, Region, USGS,F erilizer estimated using data from: AAPFCO 1987 - 2007. Crop Removal and Recoverable Manure Nutrignt:
calculated using data from: Census ofAgriculturs 1987 - 2007 USDAJ NASS, NASS Quick Stats, 1985 - 2008 USDAS NASS, and Maricus State and regional NASS TERS Y
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or crops, IPNI. (adj) Removal values adjusted by state for % of removal represented




Estimated Nutrient Removal to Use by Watershed

Mutrient Removal by Crops(adj) / (Fertilizer + Recoverable Manure Mutrients)
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Estimated Nutrient Removal to Use by Hydrologic Region

Mutrient Removal by Crops(adj)/ (Fertilizer + Recoverable Manure Nutrients)
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Estimated Nutrient Removal to Use by Watershed

Mutrient Removal by Crops(adj) / (Fertilizer + Recoverable Manure Mutrients)
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Fertilizer consumption in the U.S., 1955-2009
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Data Source: AAPFCO (2008) and H. Vroomen, TFI (est. 2008-09) @
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A closer look at where we were in North America
before use reductions (using NASS, AAPFCO, and the Ag Census data)

Soils do not create P or K nutrients

They have an indigenous amount and store
what is added to them

In a sustainable agriculture, the P and K
removed by crops must eventually be replaced




Change in annual crop removal over 20 yrs, short tons
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Nutrient removal by crops in the U.S.

(N removal by alfalfa, soybeans and peanuts excluded)

Million metric tons

10
9 v=0.0866x -164.9 W
8
7
6
5
4
3 y=0.0548x - 104.8
Annual increase: 1000 metric T 55 71
1 1000 short T 60 78
O | 1 1 | 1 1 | 1

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
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Nutrient removal by crops
K,0:2006-08
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Increasing at 78,000/yr
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Comparison of nutrient removal by crops in the U.S. to

nutrient applied as fertilizer and in recoverable manure
(removal is average of 2006-2008; fertilizer use is from 2007)

Million short tons

P,05

=
o

O R, N W b 1 O N O O

K,O

B Manure®
MW Fertilizer

B Removal

Even with the assumption that
all recoverable manure P and K
is applied where it is

needed, the P budget is barely
balanced and the K budget
remains extremely negative.

* Based on 2007 livestock census using Kellogg et al.(2000) procedure. (W[pm



Changes in Corn Belt P and K Budgets
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Changes in state or province soil fertility levels
from 2001 to 2005

values are arranged in order of magnitude, 154 p p m
DECrease | white areas had insuficentdata to determine a change in median.

2005 Median P Increase | "Changeinmedian level wasless fhan or equal to 4 ppm P or 2005 Median K
31 ppm No mmge* 10 ppm K. The median is the level occurring in the middie when

e Corn Belt changes from 2005 to 2010?
— Indications are that soil levels will be lower
— More fields will require annual P and K fertilization

— P and K agronomic demand should increase @pnn



Fertilizer consumption in the U.S., 1955-2009
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2009 US Corn Yield Forecast at 161.9 bu/A

... a New Record

180

160
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4 In spite of large K and P

Cornyield, bu/A
oo
o

fertilizer use reductions

1964 1969 1974 1979 1984 1989 1994 1999 2004 2009

USDA-NASS, 8/2009.
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Lots of calibration data in North America

Table 1. Soil test phosphorus calibration examples (Bray P1 except where noted).

Average Relative Yield (%)

Soil s0Yy- s0Y- Spring Spring Winter Winter
test maize maize maize bean bean  wheat wheat wheat wheat
level maize  Mis- 1i- On- [1i- On- 5. Da- M. Great Kansas Kansas
(ppm) lowa  souri nois  tario® nois  tario* kota Plains*® (Bray)  (Olsen)+
2.5 66.5 31.0 42.0 a2 42.0 75 75.2 61.2 35.0 41.0
5.0 77.3 40.0 54.8 86 54.8 87 79.5 78.0 56.4 68.0
7.5 86.7 48.5 69.3 89 69.3 94 83.1 85.9 73.6 82.1
10.0 91.3 58.0 81.3 92 81.3 97 86.0 90.4 82.1 829.9
12.5 94.1 66.5 90.2 a3 90.2 98 88.6 93.3 87.9 93.9
15.0 95.9 75.3 94.7 a5 94.7 99 91.0 95.4 92.3 97.0
17.5 97.1 34.5 97.3 96 97.3 100 931 97.0 95.0 98.5
20.0 93.0 90.0 98.0 a7 93.0 94.8 98.2 97.1 99.9
22.5 98.7 93.5 98.6 98 98.6 96.4 99.1 938.2 100.0
22.0 99.3 9.0 29.1 98 99.1 97.8 99.9 99.3
27.5 99.6 98.0 99.5 a9 99.5 98.8 100.0 100.0
30.0 99.8 99.3 99.8 a9 99.8 99.6
32.5 99.9 99.9 100.0 99 100.0 999
35.0 100.0  100.0 99 100.0

*Olsen P, +Calculated from Bray P1 assuming Olsen P = 0.75 Bray P1.

Data: Potash & Phosphate Institute, PKMAN: A tool for personalizing P and K management. Version 1.0. Potash &

Phosphate Institute, Norcross, GA.
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MEY concept illustrates the impact of reduced
application ...

100|€ = = = == = = = =

Relative yield, %

Level of input —»
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MEY concept illustrates the impact of reduced
application ... impact depends where you are on the

yield curve

Percent of maximum

PISIA WNWIXe -

X Fixed
cost

Level of input —»
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Impacts of historical K management

- 1974 — 1984: Ample P + 56 kg K,O/halyr
_ 1985 — 1993: Ample P, no K,O

14 - 240
-®- AmplePand K *
© 12 - - 220
c
> - 200 5
= 10 - x
N - 180 o
k=) g c
Q) ] e -~
S, 160 v
c B +—J
> 4 - 120 3
71 Soiltest K
S L 100 ©
= 2 -
K stopped - 80
0 T T T T 60
1970 1975 1980 1985 1990 1995
G
Randall et al., 1997a,b Year %[PNI



Soil nutrient supply

Soil tests vary in their background noise

Phosphorus

Calculated

Time

Soil nutrient supply

Potassium

Observed

L:alculated

Time
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P removal to use ratios for the

lllll

states

Removal to use ratio
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P budgets for lowa, lllinois, and Indiana per acre

planted to principle crops

A IL IN
Ib P,O./A*
Fertilizer applied (2007) 30 29 33
Recoverable manure (2007) 12 3 8
Crop removal (avg of 06/07/08) - 53 52 48
Balance = -11 -20 -7
*Based on avg of 2006-2008 acreage.
Typical Brayl or Mehlich 3 decline®, ppm: 0.6 1.1 0.4
If continued for 5 years: 3 6 2
Median soil test levels in 2005, ppm 25 36 29
TAssuming 18 Ib P,O/ppm. @PNI



P budgets for lowa, lllinois, and Indiana per acre planted

to principle crops with no P fertilizer

1A IL IN

Ib P,O//A*
Fertilizer applied (none) 0 0 0
Recoverable manure (2007) 12 3 8

Crop removal (avg of 06/07/08) -
Balance

*Based on avg of 2006-2008 acreage.

Typical Brayl or Mehlich 3 decline®, ppm:
If continued for 5 years:

Median soil test levels in 2005, ppm

TAssuming 18 Ib P,O/ppm.

2.3 2.7 2.2
12 14 11
25 36 29
@PNI



K budgets for lowa, lllinois, and Indiana per acre
planted to principle crops

1A IL IN
b K,O/A*
Fertilizer applied (2007) + 42 49 60
Recoverable manure (2007) + 15 4 8
Crop removal (avg of 06/07/08) - 61 54 53
Balance = -5 -1 +15
*Based on avg of 2006-2008 acreage.
Typical soil test K change', ppm: 1 0 +2

If continued for 5years: -3

1
=

+9

Median soil test levels in 2005, ppm 172 178 144

G
TAssuming 8 Ib K,O/ppm. (W[PNI



K budgets for lowa, lllinois, and Indiana per acre planted
to principle crops with no K fertilizer

A IL IN
Ib K,O/A*
Fertilizer applied (none) + 0 0 0
Recoverable manure (2007) + 15 4 8
Crop removal (avg of 06/07/08) - 61 54 53
Balance = 47 -50 -45
*Based on avg of 2006-2008 acreage.
Typical soil test K change', ppm: -6 -6 -6
If continued for 5years: -30 -32 -28
Median soil test levels in 2005, ppm 172 178 144

G
TAssuming 8 Ib K,O/ppm. (W[PNI



Nutrient reduction impact on soil test levels
and yield ... based on a budget approach

e May see little impact on soil test levels after one year
of reduced rates

* May see little negative impact on yield if soil test
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Summary

e Nutrient budgets are important to farmers and to
society ... they are indicators of sustainability.

e \Weaknesses exist in our current capacity to
accurately evaluate nutrient budgets at appropriate
resolution:

— Crop nutrient removal coefficients
— Census data for specific nutrient use expenditures

— AAPFCO county level fertilizer sales data
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Summary

e Crop nutrient removal is increasing faster than
nutrient use nationally and in most key production
areas.

e Most of the Corn Belt appears to be mining soil P and
many areas appear also to be mining soil K ...
intensive monitoring of soil fertility is a critical BMP.
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