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Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

Anhydrous ammonia, 82-0-0

*at60° = 5.151b/gal = 4.21bN
e at 65° = 100 psi
-28°F, boiling point
1 ft3 of liquid @ 60°...
expands to 850 ft3 of vapor
“hygroscopic”
* 1 ft3 of liquid water ...
dissolves 1300 ft3 of ammonia vapor

from “Faces, Places, and Excursions Along the Nitrogen Trail”*

Haber-Bosch process
* World War |
* U.S./England blockade
* saltpeter (NaNO,)

First Haber-Bosch plant in U.S. built in 1920’s

USDA experimented with anhydrous
ammonia in 1933

= considered too expensive to be
competitive
» had other sources of nitrogen
World War Il ... Tennessee Valley Authority

* munitions =» fertilizer > research

*Shepers. 2014. https://scisoc.confex.com/scisoc/2014am/videogateway.cgi/id/20444?recordingid=20444
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Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

Soil application

water, H,0
it hydroxl, OH™
hydrogen ion, H
. clay, OM
ammonia, NH,

. +
ammonium, NH,

Nitrogen: Minnesota’s Grand Challenge &
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Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

diffusi- ~ from point of injection

affected by:
e rate per linear foot
* soil texture
* s0il moisture

Texture, application depth affects ammonia retention

15 -

=
(=]
1

% AMMONIA LOSS
N
1

APPLICATION DEPTH - INCHES
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Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

Soil texture

sand Soil Textural Triangle

silt

clay loam

Sand Separate, %

USDA classification

0.001 mm = 1 micron

silty av |

clay loam

sandy loam
@
SRS
& @L
0 80 90 1

40 50 60 i

Sand %
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Anhydrous Ammonia, Soil, & CEC: Myths and

Management

Soil clay particles (magnified)

1 micron = 0.001 mm 1/25,000% inch

Cation Exchange Capacity

* CEC, milliequivalents per 100 grams (meg/100g)
 centimoles per kilogram (cmol kg™)

* “true” CEC
* EPA method #9081, uses sodium acetate
* $84.90

* “summation” CEC
» estimated, calculated from soil test results
* ammonium acetate (pH 7), Mehlich-3
* potassium, calcium, magnesium, neutralizable acidity
* sodium? exchangeable aluminum?

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN
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Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

CEC calculations

* K ppm = 390 K meq/100g
*Capom + 200 Ca meq/100g
*Mg ppm + 120 Mg meq/100g
*Na ppm + 230 Na meq/100g |

— exchangeable bases

*12 x (7.0-BpH) =  H meg/1009 } exchangeable acidity,
estimated

CEC calculations i i

Sands 3-5

K’ meq/l 00g Loamy sand 4-8

Ca, meq/100g Sandy loams 6-

Mg, meq/100g

Silt loams : 15 -

+
+
Loams 15 -
+
+

Na, meq/100g Clay loams 15 -

Sandy clays 15 -
H’ meq/100g = CEC; meq/100g Sandy clay loams 15 -
Silty clay loams 20 -
Clays 25 -

Organic soils, mucks 50 -
(OM > 20%)

Nitrogen: Minnesota’s Grand Challenge &
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Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

CEC calculations

—

K meg/100g

— bases 100
Mg meq/100g a0

+
Ca meg/100g +
+
+

Na meq/100g

H megq/100g CEC, meqg/100g
X

100

% base saturation

“Balance the cations”
* Base Saturation Cation Ratio (BCSR)

* Promoted by certain groups
* “Believers” — “black box”
* Suppliers
* calcitic vs. dolomitic lime (CaCO, vs. MgCQ,)
* gypsum (CaSO,)
* 60 to 70 year-old theory
» W.A. Albrecht, 1940
* F.E. Bear, et. al. 1945
e others ... 1930’s 1940’s, 1950’s

* Lots of field research since then

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN




Anhydrous Ammonia, Soil, & CEC: Myths and
Management

“A Review of the Use of the Basic Cation
Saturation Ratio and the “Ideal” Soil”*

e “Our examination of data from numerous studies ...
would suggest that, within the ranges commonly
found in soils, the chemical, physical, and biological
fertility of a soil is generally not influenced by the
ratios of Ca, Mg, and K.”

* Cation ratios have no direct impact on yield
* key = maintain sufficient supply of
nutrient cations in crop root zone
* at “optimum” base cation ratios, may still
have nutrient deficiency or pH concern

* Kopittke & Menzies, 2007, Soil Sci. Soc. Am. J. 71:259-265

23 February 2016

Fertilizer needed to increase saturation by 1% differs

Potassium as K,O

fSal,CECn5 S, CECm= 20 BL, CECm= 18

= no K20 + 3085 Ib K20/ac

http://ianrpubs.unl.edu/live/ec155/build/ec155.pdf

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN

Magnesium as MgO
848

fSal, CEC=5 SIL, CEC=16
= no Mgo +1060 |b MgO




Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

“Soils can only hold 10 Ib. of nitrogen
per unit of CEC.”

Anhydrous ammonia application
* injected into a flowing irrigation water

d|tCh or |ate ral by Cecil Hagen, The Washington Farmer

1943, Mississippi Expt. Station/TVA

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN 10



Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

Laboratory study, 1947 T 9% 0%
Purdue Univ.

Air dr
equivalent to: -
* 4-inch depth '
* 15-inch spacing

wnd dltlomn

i

Beach sand it loam
sand
Jackson & Chang. 1947. Agronomy Journal 39:623-633

Laboratory study, 1947
Purdue Univ.

equivalent to:
* 4-inch depth '
* 15-inch spacing

Jackson & Chang. 1947. Agronomy Journal 39:623-633

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN 11



Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

How much anhydrous ammonia
can different soils hold?

General texture CEC range,
meq/100g

Sands

silty clay Loamy sand

sandy clay Sandy loams

Loams

4 silty clay loam clay loam

Silt loams
sandy clay loam Clay loams
Sandy clays

Sandy clay loams

silt loam sandy loam Silty clay loams

20 30 40 50 60 70 80 90 100 LB
% sand Organic soils, mucks
(OM > 20%)

Estimated CEC, meq/100g

. " (2 x OM%) +

22 (0.5 x clay%) =

1 silyemyioam clayTEm

13 = estimated CEC

loam

6 /5
silt loam sandy loam foamy sand Ym““\
30 40 50 60 70 80 90 100
% sand

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN 12



Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

EFCTimared amoiunrtor “Ifl‘ﬂgﬂ“ Der acre

N TCaAicua vy Tt oUH tTATGIco

BN N\

From study including 76 soils

from Pacific Northwest

um

Calculated ammonia retention:

\ \ SEmp———am ppm N = (CEC *95 8) +153
ogel 310 T\ |

Toam multiplied by

N, dtoam - estimated ammonia retention diameter

203040 %5;and°” 7080 1 (if applied on 30-inch spacings)

adapted from dat by Young. 1964. Soil Sci. Soc. Proc. 28:339-345

Ammonia loss after

* ammonia vapor is invisible

* white puffs 4“ \ i .
* condensing water vapor '
* OSHA odor threshold
*5-50 ppm
* 100 — 300 ppm = irritation of eye and Rule of Thumb:
nose

* typical odor threshold is 10 - 20 ppm “If you can’t smell it,
* noticeable by most you aren’t losing it.”

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN 13



Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

If you can’t smell it, you aren’t losing it

1qtliquid NH;=11b N

D

Soil moisture affects ammonia retention

% AMMONIA LOSS

9-inch depth

5 10 15
% SOIL MOISTURE

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN




Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

Apply anhydrous ammonia.
Safe separation distance?

Ammonia diffusion zone?

* field moist soil
free ammonia, NH,

* 30-inch spacing

* corn nitrogen rates
nitrite, N
* fine-textured soils

» 2% — 3% inches
* sandy soils N o nitrate, NO,"

e 4-6inches
ammonium, NH,*

* dry soil

¢ double the distance

’Z\nhydrous ammonia Kkills earthw‘orms
. kills bacteria.”

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN 15



Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

Net effect of anhydrous ammonia on the numbers of fungi, bacteria, and actinomycetes*

) + 8 million
loamy fine sand

100 Ib N/ac
16-inch spacing

3 days later

0 days (at application)

6.0 3;1 3"

B e | [

PO o B o N
W W

2 1 2 3
Inches from injection point

Microorganisms, million/gram
Microorganisms, million/gram

Inches from injection point

10 days later 24 days later
Millions of organisms per gram of soil a0 20
£ g
£ oo 5 6.0
. . =2 =
ammonia-treated soil numbers g 5 ..
£ 40 s
non-treated soil numbers g : . H
4 2.0 2 2
g i
net effect 5 T pr——
E 0.0 E;
] 2.0 2 20
= - = -4.0
3 2 1 0 1 2 3 2 1 0 1 2 3
Inches from injection point Inches from injection point

Eno, C.F. and W.G. Blue. 1954. The effect of anhydrous ammonia on nitrification and the microbiological population in sanl

“Anhydrous ammonia burns up organic
matter.”

NH, urea UAN 34-0-0
}_ Differences not

statistically
significant

0.0

K-State 20-year field study, three locations, 200 Ib N/ac, silt loam, silty clay loam

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN 16



Anhydrous Ammonia, Soil, & CEC: Myths and
Management

Changes in soil organic carbon after 15 years

5.5% OM Rt

/

corn/soy

cont. soy

initial soil carbon level

Soll organic carbon, tons/acre-6*

Nitrogen rate, |b Nfac

Hord silt loam, Nebr.
center-pivot irrigated

15 years: 1991-2005 after Varvel, 2008

“Anhydrous ammonia
makes the ground hard.”

“The military used it to
build runways in ...”

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN

23 February 2016
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Anhydrous Ammonia, Soil, & CEC: Myths and 23 February 2016
Management

Soil density, Ib/cu.ft.

K-State 20-year field study
three locations
silt loam, silty clay loam

200 Ib N/ac

10 ~

8% - 11% inch layer

Kansas State Univ., Pub. C-625, “The Effects of Nitrogen Fertilizer on Soil”, 1991

Anhydrous ammonia, myths & management

* Soil diffusion, retention after application affected by:

_”
* soil texture (clay content)

* rate per linear foot (per acre rate, spacing)
* s0il moisture (dry ... moist ... wet)

* CEC has role, but field conditions are important
* “If you can’t smell it, you aren’t losing it.”

* Beware of fertilizer myths
* agronomically, a pound of N is a pound of N

Nitrogen: Minnesota’s Grand Challenge &
Compelling Opportunity Conference, ,
International Events Center, Rochester, MN 18
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