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U.S. Fertilizer Nutrient Demand
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The Lion’s Share of Global Nutrient Demand,
89 Percent, is Outside the United States
(180.8 Million Metric Tons N, P205 and K20 in 2013)

China

Other
39%

Top 4
Countries
> 61 % of
Agricultural
Consumption

Brazil
7%

United States
11%

Source: IFA.
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U.S. Plant Nutrient Consumption
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U.S. Nitrogen Consumption

14

12

o
i

[e0) (]

N SuO} 1Joys uoljjiw

¢1/1102
TT/0T0C
0T/6002
60/800¢
80/.00¢
£20/900¢
90/500¢
S0/¥00¢
¥0/€002
€0/200¢
¢0/100¢
1070002
00/666T
66/8661
86/.66T
16/9661
96/S661
S6/766T
v6/€661
€6/2661
C6/1661
16/066T
06/6861
68/8861
88//.86T
/879861
98/S861
G8/¥86T
¥8/€861
€8/2861
¢8/1861
1870861
08/6.61
6./8.61
8././6T
11/9261
9/./S.61
S./v/.6T
v./€.61
€./¢.61
cl/Tl6T
1./70.6T
0./76961
69/8961
89//96T
1979961
99/5961
S9/796T
v9/€961
€9/2961
¢9/196T
1970961
09/6S6T

Source: AAPFCO, TFI.

Fertilizer
Institute



U.S. Phosphate Consumption
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U.S. Potash Consumption
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U.S. Plant Nutrient Consumption
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Fertilizer Nutrient Demand

What Drives Fertilizer Nutrient Demand?

> Acres Planted
> Percent of Acres Treated
» Nutrient Application Rates

Some Characteristics of Nutrient Demand

» Nutrient Demand is Inelastic
» And has Likely Become More Inelastic Over Time
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Fertilizer Nutrient Demand is Inelastic

Inelastic Demand

When the quantity of nutrients demanded by growers doesn’t change as much
as the (nutrient-relative-to-crop) price.

FERT DEM is inelastic because of limited or poor substitutes:

» While there are some longer-run practices like cover crops, crop rotations, etc.,
growers can use to substitute for fertilizer nutrients, there are fewer, if any, short-run
substitutes. Adding a few extra tons of manure per acre, for example, is generally not
practical, economic or a good environmental practice.

So when relative fertilizer-to-crop prices change, fertilizer nutrient demand
changes by less. Research indicates that for corn, these elasticities range*:

» From -0.19 to -0.25 in the short run

» To -0.31to-0.41 in the long run, as growers have more time to change practices

That is, all else equal, if the relative fertilizer-to-crop price increased by 10% we
would expect fertilizer nutrient demand to decline by 1.9 to 2.5% in short run.

* M. Denbaly and H. Vroomen (1993), Dynamic Fertilizer Nutrient Demands for Corn: A Cointegrated and
Error-Correcting System, American Journal of Agricultural Economics, 75, 203-209.
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Nutrient Demands More Inelastic Over Time

Demand More Inelastic due to structural and technological changes in U.S. Ag*

e Agricultural operations have become less diverse:

» fewer crops grown on each farm => fewer opportunities for crop rotations

» Farm programs likely contributed to this trend as by reducing economic risks
associated with specialized farming and limiting crop substitution abilities to maintain
program eligibility

 Technological Breakthroughs Also Contributed:

> Adoption of hybrid corn varieties and genetically engineered (Bt and HT) crops:
- Bt (insect resistant) crops and HT (Herbicide tolerant) crops
» Depend on higher nutrient application rates for greater output potential

* Production on more specialized farms also generally reduces the availability of
farm-level fertilizer substitutes like manure

=> Changes in farm structure, programs and technology created the technical
ability and economic incentives for less responsive fertilizer input demands

* B.A. Larson and H. Vroomen (1991), Nitrogen, Phosphorous and Land Demands at the U.S. Regional Level:
A Primal Approach, Journal of Agricultural Economics, 42, 354-364.
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Average (Absolute Value) of Annual Changes, 1980 - 2012
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U.S. Plant Nutrient Consumption vs. Acres Planted

Corn, Soybean and Wheat acres planted
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Average (Absolute Value) of Annual Changes, 1980 - 2012
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But Inelastic Demand
Does Not Mean
No Response to
Relative Price Changes!
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Index of Fertilizer Prices Paid and Crop Prices Received by Farmers
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Index of Fertilizer Prices Paid and Crop Prices Received by Farmers
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Index of Fertilizer Prices Paid and Crop Prices Received by Farmers
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Annual Percentage Change in U.S. Fertilizer Tonnage by Nutrient
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What Role Does Fertilizer Play?

40-60% of yield in crop production attributable to fertilizer!
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The Contribution of Commercial Fertilizer Nutrients to Food Production

W, M. Stewart.® D. W, Dibh, A, E. Johnston, and T. J. Smyih

ABSTRACT

Nutrient inputs i crop production systems have come ander o
creaseid seruling ln receni years becomse of the patential for environ-
mental impact from inputs such a5 N and P, The benefits of mutricn
inputs are ollen mislmiced in doousion of potential risk, The purpose
of this wrtiche is to examioe existing data snd approximate the effects
ol mutrient impuis, specfically from commercisl fertilivers, on crop
yield. Several bong-term studics in the USA, England, snd the tropics,
ulamg with the resolts friom an agrioabioral chemical use stsdy snd
nutricat bodget inlarmation, were evabumted, A total of M2 sessons
of crop production were incuded kn the leng-term windy evaluntions.
Cropy wiiliced in ihese siudics induded corn (Zea sy L), whest
(Fritienm aextivam 1.}, soybesn [Glvelne mar (L) Merr. |, rice (s
yau sativa L), snd cowpes | Vigno smguicnions (L) Walp ) The
average pereeniuge of yickd sttributuble 1o fertilicer generally ranged
fram aboit # jo 60% in the USA and Eogland wnd tended 10 be
mach higher in ihe tropics. Recently enleulated budgets for N, P, and
K indicate that commercial feriilioer makes op the mojority sf nutrien
Inputs necessary bo saslakn carrent crop yields in the USA. The results
of fhis investigation indicate that the commonly cied geaernlization
that @t lenst 30 to 0% of crop yield is atiriboteble 4o ¢ 1al
Tertilizes nutricnt inputs is & ressomsble, i pot comervative estimate,

Mulru.\' HIGH YIELD crop production and its associ-
ated inpuls have come under intense scrutiny

over the nnsl several vesre Coneerne senrecesd nfian

technology and intensificd production often involve ;
greater need for commercial fertilizer nutrients 1o avoid
nutrient depletion and ensure soil quality and crop pro
ductivity. The need for increased inputs correctly raise
Yuestions about associated risks. Potential risks are of
ten widely publicized while the associated benefits o
an abundant, affordable, and healthful food supply ca
be overlooked or understated. To judge any such prac
lice orsystem, the risks must be evaluated in comparison
with the benelits. While misuses of agricultural fertiliz
ers have undoubtedly nccurred and concerns about how
[ertilizers affect the environment have sometimes beer
overstated, the purpose of this article is not 1o addres
these msues but to provide evidence of the impact com
mercial fertilizers have had on agricultural production

Several attempts have previously been made 1o esti
male bow much of the crop production in the USA i
attributable 1 commercial nutrient inputs. These esti
mates usually range [rom about 30 to 50% for majo
grain crops (Nelson, 1990)), Determining these estimates
presents significant challenges, and assumptions are al
wiays required regardless of the approach taken. One
dilficulty that arises is that crops respond differently i
application of a specific plant nutrient. For example
com response to N fertilizer is much greater than the



Principal U.S. Crops: Production and Acreage Planted*
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Principal U.S. Crops: Production and Acreage Planted*

900 27

800 24
Nutrient Use
Q700 21
9]
>
S
g 600 18
= Production =
2 500 15 9
= _
o =
:“3 400 123
c —
E -“/V\#_w g
o — »
@ 300 9
Q
@ Acres Planted*
2 200 6
E
g 100 => Yield Increases are Driven in Large Part by Fertilizer Nutrient Use 3
0
< (] (o] o N <t [{e] [e0] o AN < © (o] o N < (o] [ee] o N < (o] [ee] o N <
§$ & 8§ 5 55553838 3% 8% 8§ 8§ 888858 § 8 8 8 8 B

Source: USDA NASS Quick Stats, downloaded on 9/25/2015.
*Note: USDA only reports harvested acres for hay, hops, sugarcane, and tobacco.

\ Institute




Crops: million tons produced

Production of Principal U.S. Crops vs. Total U.S. Nutrient Use
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Estimated U.S. Nutrient Use By Crop - 2010/11

Other
27%

Corn
49%

Rice /
2%

Cotton
5%

Soybeans
6%

Wheat
11%

Source: Computed from data reported by USDA and AAFPCO/TFI.

Institute




Corn: Production and Estimated Nutrient Use
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Crops: million tons produced
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billion bushels corn and million tons nutrient (N, P205, K20)

U.S. Corn Production and Nutrient Use on Corn
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13

12.43 +114.1%
12

10.58 11.06

1980 1990 2000 2010 2014

Source: Computed by The Fertilizer Institute from data reported by NASS, USDA.
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Fertilizer Nutrient Use in U.S. Corn Production

Lbs. Nutrient per Bushel Corn Produced % change from 1980
N P205 K20 NPK N P205 K20 NPK

1980 1.580 0.727 0.882 3.188

1985 1.276 0.485 0.624 2.384 -19% -33% -29% -25%
1990 1.197 0.477 0.605 2.278 -24% -34% -31% -29%
1995 1.209 0.438 0.563 2.210 -23% -40% -36% -31%
2000 1.069 0.384 0.418 1.872 -32% -47% -53% -41%
2005 0.975 0.346 0.402 1.723 -38% -52% -54% -46%
2010 0.964 0.332 0.342 1.638 -39% -54% -61% -49%
2014 @ 0.326 0.340 @ -44% -55% -61% -51%

™.

Source: Computed by The Fertilizer Institute from data reported by USDA, 1980-2014. How low can these gO?
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Percent of Corn Acres Treated with N, P205 and K20
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N, P205 and K20 Application Rates per Treated Corn Acre
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Fertilizer nutrient use minus removal by crop harvest in the U.S.

_2/‘ *

4

Million metric tons
o
|-

N removal by alfalfa, soybeans and peanuts excluded.

_6 | | [
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Source: International Plant Nutrition Institute.

e e
’7: Institute




Longer-run Influence

The United Nations Forecasts that:

 The number of people in the world will rise from
7.3 Billion today to 9.7 Billion by 2050

 Therise in global population, coupled with a switch to eating more
meat as incomes rise, will result in a big increase in food demand

» humanity will need 70% more food by 2050!
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Some Nutrient Demand Questions

1. (partial) nutrient use efficiency in U.S. corn production has risen
significantly; what were the major factors which allowed growers to
produce a bushel of corn with fewer fertilizer inputs?

2. Given the relatively low quantity of fertilizer inputs used to produce a
bushel of corn in 2014, will the factors noted in question 1 or other factors
continuing to drive down these numbers or is it more likely that these
figures will level-off or possibly even rise in the near-to-mid future?

3. In combination with the IPNI data on nutrient removal, USDA’s application
rate data for corn, although limited, indicate that we may have reached a
turning point on nutrient use trends for P and/or K. Are P and K at levels
where growers will, over time, be forced to increase applications?
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Some Nutrient Demand Questions

4. Excluding corn, U.S. crop production has been more closely tied to nutrient
use. Are there any technical or other developments taking place for any
other crops which may lead to the kind of fertilizer use efficiency gains we
have witnessed for corn?

5. How will the world, and the US in particular, increase food production by
70% by 20507?

And how might this impact future U.S. Nutrient demand?
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