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Most limiting factor

Plants grow until they are stopped by
the lack of something they need:
light, water, oxygen, carbon
dioxide, or essential nutrients.
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Justus von Liebig’s
“Law of the Minimum”
published in 1873

“If one growth factor/nutrient
is deficient, plant
growth is limited,
even if all other

vital factors/nutrients are
adequate...plant
growth is improved
by increasing the
supply of the
deficient factor/nutrient”

JUSTUS VON LIEBIG 1803 - 1873
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Nitrogen - N

* A basic building block of protein
* Integral part of chlorophyll

* Most commonly deficient nutrient
» Applied and absorbed as:

— Nitrate NO;~ Moves with water

— Ammonium NH," Does not move with water

— Urea (NH,),CO Moves with water
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Nitrate

» Concentration in the soil is reported as:
NO;-N  “Nitrate nitrogen”
= Pounds of nitrogen in the nitrate form

« Nitrate is water soluble and moves freely
with soil water.
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Nitrogen (N) Deficiency Causes
Slow growth

Yellow-green coloration in older leaves

Tip and marginal “burn”

Poor fruit and seed development

Low protein
Excess N

— Poor color

— Delayed maturity & cold hardening
— Poor fruit / tuber storage

— Lower specific gravities
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Nitrogen Deficiency in Corn
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Sources of N to the field

* From atmospheric N,

— Nitrogen-fixing bacteria (Diazotrophs)
Free living or Root associated (5-20#/Ac yr)

— Lightning (0-7#/Ac yr)
— Acid rain (0-30#/Ac yr) 0 in our fields
— Symbiotic bacteria in legumes (50-200 #/Ac yr)

* Fertilizer

SIABORAI%(())II{‘\?%
9
i T
The cyanobacterium Nostoc
(nitrogen fixing bacteria)
10
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Plant Available Forms of N

- +
NO; NH,” (NH,),CO
Nitrate Ammonium Urea
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Energy in Nitrogen
NH 4+- NH3 - NH2- High Energy

Ammonium Ammonia Amino-

NO 3 ~ Nitrate

I

N2 Nitrogen Gas Low Energy
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Mineralization
aminization ammonification
OM B> Amino acids D NH 4+
ST o ore Z
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“Organic Nitrogen”

STUKENHOLTZ LABORATORY, INC.

2024 Acklison Avenue Last, 11O, Bow 332 Liwin Falls, 11 8220

3009 08-S 208-FM31Y wewone stukenbalescom
STUKENHOLTZ, PAUL Tel: 208-734-3050 Tax: 208-734-3919
2924 ADDISON AVE. FAST Report No: 148471

TWIN FALLS. ID 831030353 Dale Received:  11/14/2023

Dale Reported:  11/15/2023

SOIL TEST DATA Samplel  Sample 2 Sample 1 Sample 2

pH - Nitrogen released by O.M
Salts, mmhosfem 1.4 M . k
Chiorides, ppm L during the growing season
Sodium, meq,/100g 0.50 L
CEC, meq/100g 163 M . . . .
Excess Lime, % 18 M Estimated Mineralized Nitrogen
Organic Matter, % 1.87 Manure T/Acre
Qrganic N, Ib/Acre 35 L Prev Applied Nut
Ammonium - N, ppm 4.9 VL RECOMMENDATIONS, Ibs Nutrients or Units pe
Nitrate - N, ppm 7 L Nitrogen 110
Phosphorus, ppm 32 H P,0, - Phosphate @
Potassium, ppm 203 M K>O - Potash 0
TUKENHOLT
ST o ore Z
15
Organic Nitrogen
The fertilizer equivalent N released by the
O.M. during the growing season
40 Ibs N per 1 % O.M. for full season crops
actual value 30 to 50 Ibs N per 1 %
More N is produced if:
— Warm, moist soil especially over winter
— Better fertilization of other nutrients
— History of Manure
STUKENHOLTZ,
LABORATORY £
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Soil Microbes Require:

Water

Food Source
Adequate Temperature
Oxygen (aerobes only)
Proper pH

Nutrients

— Most limiting: N and P
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Soil pH

H* OH-

Hydrogen Ion Hydroxyl Ion
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Soil pH
H,0

/  \

H* OH-

Hydrogen Ion Hydroxyl Ion

Lower pH Higher pH

More Acid STUKENHOLTZ, More Basic
LABORATORY &
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pH
H,O
/ \
H* OH-

Pure water has 100’M H™ & 10-"M OH-
10-7=0.0000001 M H"

-pH" or pH 7
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Cation Ca™

Calcium

Anion NOy

Nitrate
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Cation
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How Soils Become Acid
Long Term
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How Soils Become Acid

Lon

) NO;-
NOy o1

TUKENHOLT :
ST EoRGTORt Z OH

. NO;
U crNoy KT o cl

o CF

24
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How Soils Become Acid

Long Term
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How Soils Become Acid
Short Term

1. Plant roots make organic acids

2. CO, from plant respiration makes
carbonic acid

Bicarbonate Leaches '
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Nitrification

Nitrosomonas, others Nitrobacter, others

NH," == NO, == NO;

. . (fast) .
Ammonium Nitrite Nitrate
ST oo Z
27
Nitrification
Nitrosomonas, others Nitrobacter, others
NH4+- NO, f- NO;
Ammonium / \Nitrite (% Nitrate
H,0 120,
+ 6H™"
120,
ST R OR Z
28
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Nitrogen & pH

100 Pounds of Pounds of CaCO;
Nitrogen Neutralized
Calcium Nitrate -20
Ammonium Nitrate 62
Urea 71
Thio-Sul 112
Ammonium Sulfate 110
Anhydrus Ammonia 148*
*final effect
STUKENHOLTZ,
LLABORATORY e
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Nitrification
75F
100 +
50F
80
70 45F
i 60
§ 50
2 40 40F
30 |
10 + 35F
0 — e - i S ; —
0 3 6 9 12
Time, Weeks
ST R &
30
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Urea

Urease Enzyme

(NH,),CO === NH,*

Urea

Ammonium

STUKENHOLTZ,
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Conversion %

100 +
90
80 |
70 -
60 |-
50 +
40 |
30 |

20 -

Urea Conversion

80F 35F

Time, Days
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§
NO;

'

Leaching

Water

[ | |
(NH,),CO  NH,*

'
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Denitrification

| |

NO3' -NOz_ -N2O - N2

Nitrate

Nitrite Nitrous Oxide Nitrogen Gas
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Volatilization [ ]
NH," > NH,

Losses increased by:

Surface application
Temperature > 50°
Wind

Light amounts of water
Crop residue

High pH

Excess Lime

Low O.M. and low CEC

STUKENHOLTZ,
LABORATORY nc
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STUKENHOLTZ LABORATORY, INC.
2624 Addison Avenue Last. 1 O, Box 353 Twin Falls, T 83301 !
3003 20-7AE3050  Lax: A-TIEI9TY wwwestubinholbcnn
STUKENHOLTZ, PAUL Tel: 208-734-3050 Tax: 208-734-3319
2924 ADDISON AVE. FAST Reporl No: 118473
TWIN FALLS, 10 533030353 Dale Received:  11/1472023
Date Reported: 11/15/2023
SOIL TEST DATA Sample 1 Sample 2 Sample 1 Sample 2
pH 8.0 H Grower U OF Wy
Salts, mmhos/cm 17 M Sample Identity  JHNSN 1 ALF/GRS
Chlorides, ppm 15 L Crop ALF/GRASS
Sodium, meq/100g 0.20 VL Yield Goal arT
CEC, meq/100g 17.5 [ Acres 300
Excess Lime, % 33 M Prev Crop T/Acre  ALF/GRASS
Organic Matter, % 2.80 H Manure T/Acre
Organic N, Ib/Acre 110 H
Ammonium - N, ppm 18 VL Wh : PPM
Nitrate - N, ppm % at 1S a 9
Phosphorus, ppm & L
Potassium, ppm 129 L
Calcium, meq/100g 13.8 VH Calcium ]
Magnesium, meq/100g 3.0 M Magnesium [/}
Sulfate - 5, ppm 20 M Sulfate - Sulfur o
Zinc, ppm 0.5 Vi Zinc [
Iron, ppm 12.3 H Iron 0
Manganese, ppm 24 L Manganese 0
Copper, ppm 0.5 L Copper [/}
Boron, ppm 0.79 M Boron 0
Elemental Sulfur 0
STUKENHOLTZ,
LABORATORY ne
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ppm to Ibs/acre

How do you convert these?

STUKENHOLTZ,
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ppm to Ibs/acre-ft

ppm = parts per million
% percent = parts per hundred
1 % = 10,000 ppm

Parts of what?

STUKENHOLTZ,
LABORATORY i
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Soil Bulk Density
Soil Texture Bulk Density Pounds / Ft'  Pounds/
(g/cm3) Acre " ft
Sand 1.55 96.7 4,212,000
Sandy Loam 1.30 87.3 3,804,000
Loam 1.20 74.9 3,260,000
Silt Loam 1.15 71.7 3,124,000
Clay Loam 1.10 68.6 2,989,000
Clay 1.05 65.5 2,717,000
SRR O £
39
ppm to Ibs/acre-ft
Soil Texture ppm to
Ibs per acre ft
Sand 4.2
Sandy Loam 3.8
Loam 33
Silt Loam 3.1
Clay Loam 3.0
Clay 2.7
STUKENHOLTZ,
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Ist Foot

Assuming 3.2 Ibs N / ppm
100% of N available to plant all season

5% of Nitrogen is leached below rooting
depth

3.2X95% =3 1bs N/ ppm

NH,-N: 3.1 ppmx 3.0=-91bs N
NO;-N: 20 ppm x 3.0 = -60 lbs N

STUKENHOLTZ,
LABORATORY e
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2nd Foot

Assuming 3.2 Ibs N / ppm
N only available after 4-6 weeks

10% of Nitrogen is leached below rooting
depth before plant can use it.

3.2x85% x 90% = 2.5 Ibs N/ ppm
— If 2nd ft nitrate not tested, assume 4 to 6 ppm

NO;-N: 6 ppm x 2.5=-151bs N

STUKENHOLTZ,
LABORATORY i
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“Acre Furrow Slice”

 Assuming loam soil: 3.3 Ibs / Acre - ft
* Your Furrow Slice is 7 in
e« 7/12X3.3=1930r2

Use for all CCA exam calculations for
“pounds of Phosphate per acre”

STUKENHOLTZ,
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Buffering
Soil pH Changes
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Buffering Capacity
(reserve acidity)

 The ability of the soil to resist changes in pH.

» All soils
— Organic Matter
— Clay
— Al and Fe Polymers
— Solution Salts

» (Calcareous soils
— Excess (Free) Lime

— Sodium
STUKENHOLTZ,
LLABORATORY e
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Organic Matter Buffering

Acid Soil Basic Soil
Huge Huge
Chunk ‘o Chunk ‘o
Humus Humus

/ 7

N ~ N
OH  oon 0 COO-

The soil Organic Matter gains or loses H"
and reduces the pH change.

STUKENHOLTZ,
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Clay Buffering
Acid Soil Neutral Soil Basic Soil
-0 -0 -0
Si_HH} Si Si
DY ~oH pe)
Al_HHY Al Al
O ~oH ~O -

The soil Clay gains or loses H*
and reduces the pH change.

STUKENHOLTZ,
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Soil Buffering Capacity (BC)

« High OM = more buffering

* High Clay = more buffering
High CEC = more buffering

* High Salts = more buffering

More buffering = more lime to raise soil pH

STUKENHOLTZ,
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Lime Needed to Raise pH
5.0t0 6.5
Sandy Silt  Clay

Sand Loam Loam Loam Loam Muck
1,800 3,400 4,600 5,600 6,600 12,600

Other buffering factors affect also

STUKENHOLTZ,
LABORATORY e
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Lime Particle Size

Mesh Size = Number of wires per inch, each size of grid

Mesh Size Relative Liming Effectiveness
>50 100%
10-50 50%
<10 0%
STUKENHOLTZ

LABORATORY e
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Figure 2

7 - -\
7/ 2WEEKS ~ 6MONTHS 12MONTHS T8 MONTHS 24 MONTHS 30 MONTHS 23
TIME OF APPLICATION

Reaction time and duration of activity depend upon particle size of aglime. Smaller particles react quickly, but do not last as long as larger

. particles. A mixture of fine and larger particles is optimum to give a rapid and sustained reaction.

51
Nitrogen Interactions
STRECRH O Z
52
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%N 1n Flag Leaf at Late Boot

%N % Protein

4.5 15

4.2 14

4.0 13.5

3.5 12

3.0 11

University of Idaho

53

Adding 40 Ibs N at Late Boot

%N % Protein Increase

4.5 Little

4.0 1.0

3.0 2.25
University of Idaho

54

2/16/2024

27



I applied the N you told me to and the
crop is still deficient!

You shorted me some fertilizer!

STUKENHOLT?Z,
LABORATORY nc

55

STUKENHOLT?Z,
LABORATORY ixe

56

2/16/2024

28



RESULTS
Topdress
Crop WHEAT SUFFICIENCY or Water Foliar
— RANGE Application Application
Field YELLOW _— _—
— Units per Acre Units per Acre
Total N, % 3.7 3.50-4.50 Nutrient
Nitrate-N, ppm 1500 2000-4000 10 N 2
Phosphorus, % 0.27 0.30-0.50 10 P50g 1,
Potassium, % 3.0 2. 0=3..0 s} K0 0
Calcium, % 0.49 0.35=1..00 0 Ca 0
Magnesium, % 017 0.18-0.50 0 Mg 4]
Sulfur, % 0.10 0.20-0.40 20 S 0
Zinc, ppm 24 30-50 0 Zn 0.05
Iron, ppm 115 80-125 0 Fe [
Manganese, ppm 45 40-70 0 Mn 0
Copper, ppm 4 6-12 [o] Cu [¢]
Boron, ppm 13 9-20 0 B o]
REMARKS :
ST oRA T ORY &
RESULTS
Topdress
Crop WHEAT SUFFICIENCY or Water Foliar
RANGE Application Application
Field LOOKS GOOD —
Units per Acre Units per Acre

Total N, % 3.0 3.50-4.50 Nutrient

Nitrate-N, ppm 720 2000-4000 20 N 2

Phosphorus, % 0.21 0.30-0.50 15 P05 2

Potassium, % 29 2.0-3.0 0 K0 0

Calcium, % 0.45 0.35-1.00 0 Ca 0
Magnesium, % 0.16 0.18-0.50 [¢] Mg o]

Sulfur, % 0.23 0.20-0.40 0 S 0

Zinc, ppm 30 30-50 0 Zn 0

Iron, ppm 160 80-125 [} Fe 0
Manganese, ppm 52 40-70" 0 Mn 0

Copper, ppm 10 6-12 0 Cu o}

Boron, ppm 15 9-20 0 B o}

STUKENHOLTZ,
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59

Slow or Controlled Release
Nitrogen Products

STUKENHOLT?Z,
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ESN
University of Missouri 2006

— Surface applied ESN vs Urea vs NH; plowed down

— Heavy clay pan 2-3 feet down
— Very little leaching

ESN significantly better than Urea and Ammonia

in low lying areas where soil was saturated
No difference in high ground and sloped areas

Denitrification was major source of N loss

STUKENHOLTZ,
LABORATORY e

61

Urease and Nitrification
Inhibitors

Reduces volatilization by keeping N as urea
longer

— Gives more time for urea to leach away from
surface

Reduces leaching & denitrification by

keeping N as ammonium longer

62
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Urea Conversion

80F

Conversion %
w & a ® N =)
. : :

n
o

80° F with NBPT

ca
o

35F

o

Time, Days

STUKENHOLTZ,
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Urease and Nitrification
Inhibitors

 Typical efficiency gain for non-split
application = 10-15%

* NSN Urea applied as a topdress in Missouri

— 2005 12% gain in efficiency over urea
— 2006 no gain

64
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Nutrisphere-N

* Typical efficiency gain for non-split
application = 10-15%

* NSN Urea applied as a topdress in Missouri
— 2005 12% gain in efficiency over urea
— 2006 no gain
Plots had rain 2 days after Urea application

65

Controlled Release N

» Research results are very erratic.

» Will increase N efficiency only if
volatilization, denitrification or leaching is
occurring.

— The better your fertilization & watering, the
less good the product will do.

 Value is small in “spoon-fed N situations.

« Efficiency gain is large (>20%) in high loss
situations.

66
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Controlled Release N
Best fit 1s:

* Where N cannot easily be applied mid
season

— Small grains
— Drip irrigated Crops
— Corners
 Large fall N applications
* Where topdress Urea cannot be watered in

— Flood & furrow irrigated fields

 Severe leaching or denitrification situations
— Flood irrigation, very sandy soil or clay pans

67
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