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Less/Un -Disturbed Soills
Exhibit Stratification

U Non-uniform distribution of soil physical,
biological and chemical properties with depth.

U Result of natural processes. Before agronomic
nutrient stratificati on
stratification due t o nu

U The result of (soil) management decisions.

U Stratification increases as tillage depth/intensity
decreases.
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Soil Organic Matter in an Undisturbed
Humid Region Grassland Soll
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Stratified Soll Properties: Physical,
Chemical, Biological

APhysical properties def |
sustains soll life;

AChemi cal properties def|
sustain soill life;

A Microbes, vertebrates, invertebrates, plant
roots = soll life;

A Soil chemical and physical properties create the
sol | Oheal thod0 environmen
above ground (yield).
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Soll Physical Properties

A Inherent/Unchanging?

I soll texture; primary particle size
distribution (% sand, silt, clay)
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Stratified Soil Physical Properties

Crop Sampling Sand Silt Clay Organic Bulk Total GMD  Log GSD
Rotation Depth % % %  Carbon Density Porosity (mm)
(in) % (g/cm ®) %
CC 124 70.8 16.8 1.62 1.30 50.8 7.2 1.10
CS 122 69.0 18.7 1.67 1.31 50.7 10.3 1.16
CWS 13.0 69.6 174 1.56 1.34 49.5 8.2 1.09
NS NS NS NS NS NS S NS
0d4 134 70.6 15.9 1.96 1.25 52.7 4.9 1.03
408 11.7 69.0 19.3 1.27 1.38 48.0 12.2 1.20
S NS S S S S S S

GMD= Geometric Mean Diameter

log GSD=Logarithm of Geometric Size Distribution

NS = Not Significantly Different at the 90% Level of Confidence
S = Significantly Different at the 90% Level of Confidence



Soll Physical Properties

A Dynamic/Changing?
| structure/aggregation
I bulk density/porosity
| aeration/water holding capacity
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Surface Soll Structure

A Abundance of porosity for water
infiltration and root function
I penetration/exploration
I aeration/oxygen diffusion
I water holding capacity
I stability
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Both have porosity, but which has structure?
Which will better resist outside forces?

Chemical analysis would find no differences
here. Structure adds utility/function not
measured by chemistry.
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Soll Water Avallability:
More Porosity With No -Tillage

No Till
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What 0s A LI tt
Extra Porosity Worth?

A 2 to 4 more days without wilting
between rainfall events.

A More days without wilting means
more yield, especially in drier
years.
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Corn Yield @ 150 Ib N/Acre vs. Seasonal Average Yield
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Soll Structure -
Aggregation:
Start With A

Shovel

Good structure: Sall

8 accepts water, retains

o ¥
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water, delivers water
and oxygen.
. Provides good home to
roots and other soill
biology.
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Lots of lateral,
but less
downward, root
gr owt h.
layered look to
the bulk soll
volume. Will be
dense and slow to
accept/ o
water.
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Stratified Soil Physical Properties

Crop Sampling Sand Silt Clay Organic Bulk Total GMD  Log GSD
Rotation Depth % % %  Carbon Density Porosity (mm)
(in) % (g/cm ®) %
CC 124 70.8 16.8 1.62 1.30 50.8 7.2 1.10
CS 122 69.0 18.7 1.67 1.31 50.7 10.3 1.16
CWS 13.0 69.6 174 1.56 1.34 49.5 8.2 1.09
NS NS NS NS NS NS S NS
0d4 134 70.6 15.9 1.96 1.25 52.7 4.9 1.03
408 11.7 69.0 193 1.27 1.38 48.0 12.2 1.20
e S.NS LSS S S, S S

GMD= Geometric Mean Diameter

log GSD=Logarithm of Geometric Size Distribution

NS = Not Significantly Different at the 90% Level of Confidence
S = Significantly Different at the 90% Level of Confidence



Soll Compaction Is Stratified
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Compaction Impacts

Greater density,
lower porosity,
reduced infiltration,
greater ponding time
and/or runoff.

| ess aeration 9
oxygen and/or more
erosion.
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Long-Term NT Resists Compaction
Subsoiling Can Make Things Worse

2009 Soybean Yield — bu/ac

: : Harvest Yield

Treatment  Compaction Tillage Population Bu/acre

| None No-till 185,600 54.8 A

2 None Fall Subsoil 179,200 539 A

3 10 ton No-till 153,600 51.6 A

4 10 ton Fall Subsoil 166,400 456 B

5 20 ton No-till 163,200 52.0 A

6 20 ton Fall Subsoil 185,600 390 C

L.SD (.05) 4.19

Soybean yield was not reduced by increasing

traffic weight
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, and was reduced by subsoiling.
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No-Tillage & Compaction

Not a panacea --- you do little tillage, but can
still have planter and harvest traffic issues

No-t-iI'I-1age- does ‘t end f o

Stable structure built with continued biological
activity and soll organic matter

Roots, worms, continuous cropping (including
cover crops), and no -tillage (to minimize
disturbance of macroaggregates, fungal hyphae
networks, worm and root channels)
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How might soils get this way?

Remember 3 soil health principles:

Reduced soll disturbance,
especially no-tillage

Increased crop intensity,
continuous living cover

Increased use of organic materials as
nutrient sources,
and most are surface applied
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Amendments

Are Surface Applied
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L D, N

Continuous Living Cover l

| i N \:;‘l A E""
?ﬁ A Helghtens nutrlent cycling
-, b« uptothe soil surface

A Generally, without nutrient
removal by added species

»' A Nutrient stratification
usually reinforced
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Changes in Mehlich Il P with Depth and Time
after Sod Insertion in Rotation:

Soil Test P Soill Test P Soll Test P

Year 0-5cm 5-10cm 10- 20 cm
Ppm Ppm pPpPm
0 36.8 26.8 11.4
1 35.8 29.9 11.0
2 68.3 45.2 14.1
3 87.2 54.4 20.1

Pena Yewtukhiw et al. (SSSAJ: 2017)
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Soil P Dynamics @ 92 Ib P,0O:/A
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The Ib P,O/A
i required to

2| change Ml soill
test P by 1 Ib/A:
as related to the

: initial soil test P
. level & after an
4 8-week lab
Incubation.
10-12 Ib P,O
perlb STP
\" 'V | lnit:::Pst ) - |
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Higher OM NT Soll Mineralizes More N

B 150 Ib N/ac fertilizer
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NTOos Soi | N B

More surface plant residues; more
stratification of soil microbiology; more
strati fication I n NOs
transformations

Shift towards more anaerobic, less aerobic
(less oxidative, more reductive)

More N immobilization, denitrification,
leaching, volatilization losses; slower N
mineralization and nitrification
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UK Sciences


http://www.ca.uky.edu/pss/index.php

lon

t

1Za

©
N

N Immob
N Volatil

ing

Reduc
And/or Urea

lon

t

Placement Below The Surface



http://www.ca.uky.edu/pss/index.php

N Placement for NT Corn After Corn

--------------- UAN --------mmmm--
N Rate broad- surface N Rate
Ib N/A cast  pand injected average
NT corn after corn yield (bu/A)
80 89 118 125 111
160 108 133 141 127
240 114 138 154 136
Placement
average 104 130 135

Adapted from Touchton and Hargrove, 1982
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Inhibit Urea N Loss &> Delayed N Success

1804
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Leaching and Denitrification

of Nitrate

John Sawyer, lowa State University
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Wet Soil/Wet Spring 0 Split/Delay N
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BN

Take-Home on N [Inhibitors/Stabilizers

Inhibitors-are-needed:omsome fieldsdn all a!!
years; more:fields in semeqy/ears:s

~ | Know the field;!khowithe Nivhanagement
 Situation; educatedguesstheseasenn

¢ There:are-alternatives-(placement,

3 split/delayed@pplication)ito the N> N
inhibitorss eahancecefficiency products:is
may be cheaper, more: doalble: (armot) )
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It Can:
Acidity, Alkalinity, Salinity

All three of these can be
detrimental If allowed to
remain/stratify near the surface.
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Acidity in Reduced Tillage Soills

aNo-tillage 6 no mixing of soil
aThi s can cause an oOac

QAll residue mineralization, legume
mineralization, fertilizer N acidification
generally occurs at point of
contact/application 0o the surface
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Soll pH and Tillage: Before and After
10 yr Corn at 150 Ib N/acre/yr

crop and soil organic soill

tillage depth Carbon pH
inches %

unamended 0-2 3.8 5.8

sod 2-6 1.7 6.1

6-12 0.9 6.3

corn/MP 0-2 1.4 5.8

2-6 1.3 5.9

6-12 0.7 6.2
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Lime Placement?

Most lime Is surface broadcast

Downward movement of the lime
reaction is slow (lime reaction is
itself slow)

However, timely liming successfully
controls soll acidity, without tillage,
In NT fields
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Soll pH Under No -Till Corn
Before And After Liming

Soil Depth  Initial* Check** Limed**

Inches no lime 4.5 ton/A
0-2 57 4.6 0.4
2-4 57 55 6.4
4-8 55 55 5.9
8-12 5.1 5.1 52

* Beginning of Study ** After 5 years

UK Department of Plant and
Sciences
0|0 Al 10 &
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Acid Surface Soll and
Agri -Chemical Activity

Acid surface soil can reduce
triazine activity

Acidity can deactivate NBPT, an
otherwise effective urease
Inhibitor
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Stratification of Mehlich Il P

Average (both) = 20 ppm STP

Soil testP (ppm)
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Interaction of P stratification and soll test

P level on soybean yield
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220

Corn Grain Yield (bu/acre)

120

Phosphorus for No -Till Corn

NW lowa - Very Low P

NC lowa - Very Low P

SE lowa - Low P

200

180 |

160 r

140 ¢
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—A— Planterband | |
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—A- Planter band

—@— Broadcast
— A— Planter band

28 56 112

0 28 56 112

0 28 56 112

Phosphorus Fertilization Rate (Ib P,O./acre)

In NT fields, no greater efficiency with banded P?

UKAg
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Corn K Nutrition & Stratification

The vertical distribution of soil test K and K uptake by corn grown in two
tillage systems.

increment interval corn
soil test K soil test K K uptake
depth no-till  plowed depth no-till  plowed ratio ratio
increment  (NT)  (MP) |interval (NT)  (MP) NT/MP | yeagr  NT/MP

inches ppm inches ppm

Oto 2 170 132 Oto 2 170 132 1980 1.35
2106 104 113 Oto6 126 119 1.06 1981 1.25
6to012 86 95 Oto 12 105 107 0.99 average 1.30
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Root Growth Response to Zone Enrichment

Control (HHH) Phosphate (LHL) Nitrate (LHL)
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Nutrition Summary

A In and of itself, stratification not an issue
for crop nutrition

A Greater crop diversity, whether by insertion
of cover crops or other grain - sod crops
Into the rotation, will likely require more soll
hnutrition scilience and

A Green/manure organic sources will
complicate available nutrient prediction, but
not greatly
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