Integrating grazing into cropping

systems — For soil health and
productivity weommmeon
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v Some results from a multi-year ICLS
experiment with cover crop grazing
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Ecological issues

Production

v

v

Economic opportunity, but also vulnerability
with specialized production

High cost of fuel and nutrients

Pests often greater in monocultures / simple
rotations

Yield can stagnate in monoculture




Ecological issues

v

Environment

v Improved nutrient cycling is needed at field
and regional levels; in crop and animal
systems

v Need for conservation of resources is as
strong as ever

» Soil, water, carbon, nitrogen, biodiversity




Integrated crop-livestock systems

Variety of approaches




Integrated crop-livestock systems

Variety of approaches

o Animal manure application to cropland

o Grazing of cover crops



Integrated crop-livestock systems

Variety of approaches

o Sod-based rotations

o Dual-purpose grain crops (grazing and grain)



Integrated crop-livestock systems

Variety of approaches

o Grazing crop residues

o Agroforestry and silvopastures



Integrated crop-livestock systems

Variety of approaches

o Among-farm cooperation

o Regional recycling potential



Integrated crop-livestock systems

Variety of approaches

Conservation Agricultural Systems
...resource efficiency... 9
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— Issues of concern in cropping

National level

7/ Root /rhizosphere
Fertility / nutrients
Compaction / porosity
C and N inputs / quality
Biogeochemical interactions
Soil biotic communities
Predator-prey relations

Competition, etc. Regional level

Farm level Watershed level
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Dietary needs
Traffic / Density
Behavior / Rotation
Feces / Inputs
Enteric
organisms
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Integrated crop-livestock systems

— Issues of concern in cropping

Days / weeks
Years / decades
Seasons
Rotations

Dietary needs
Traffic / Density
Behavior / Rotation
Feces / Inputs
Enteric
organisms

National level

Root / rhizosphere
Fertility / nutrients
Compaction / porosity
C and N inputs / quality
Biogeochemical interactions
Soil biotic communities
Predator-prey relations

Competition, etc. Regional level

Farm level Watershed level

Culture
Traditions
Understanding




Integrated crop-livestock systems

— Livestock component
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Integrated crop-livestock systems

— Environmental component

Poultry
Impact




Integrated crop-livestock systems

— Socio-economic component
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The simplicity of soil...
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Hypothetical soil response to grazing

Management (as a form of
perturbation) can enrich or
degrade the environment

From Odum et al. (1979) Bioscience 29:349-352



Hypothetical soil response to grazing
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perturbation) can enrich or
degrade the environment

Perturbations may
be

* energy (harvest by
machine or grazing,
tillage inputs,
chemical control,
etc.)

« C source (type,
frequency,
placement, and
quality of crop
residues)

* nutrients (N, P,
microelements, etc.)

From Odum et al. (1979) Bioscience 29:349-352



Hypothetical soil response to grazing
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* energy (harvest by
machine or grazing,
tillage inputs,
chemical control,
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frequency,
placement, and
quality of crop
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* nutrients (N, P,
microelements, etc.)

Sub

Sub : Subsidy effect

N : Normal operating range
St : Stress effect

R :Replacement
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Usable Input
N

-=— Relative Variance
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Increasing Perturbation —

From Odum et al. (1979) Bioscience 29:349-352



Hypothetical soil response to grazing

Management (as a for
perturbation) can enri
degrade the environm
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Measured soil carbon response to grazing

disturbance

44

42

Soil

Organic 40T

Carbon

(Mg ha™) 38
[0-20 cm]

36

34

Bermudagrass pasture
grazed by 0, 2.3, and 3.5
steers/acre from May-Sep
for 5 yrs

LSDy 05

(Hayed)

1 2 3 4
Cattle Stocking Rate (Mg "ha™* yr™)

Data from Franzluebbers et al. (2001) Soil Sci. Soc. Am. J. 65:834-841



Soil microbial biomass response to
management intensity

200

Soil 00T
Microbial
Biomass <00}
Carbon

(mg kg™") 200 |

] litter fertilizer
Unmanaged Grazed Conventionally
forest pasture tilled
cropland

Data from Jangid et al. (2008) Soil Biol. Biochem. 40:2843-2853



Soil biodiversity response to management
intensity

Reciprocal
of 200
Simpson's
Index o0
(1/D) with
poultry inorganic
0 litter fertilizer
Unmanaged Grazed Conventionally
forest pasture tilled
cropland

Data from Jangid et al. (2008) Soil Biol. Biochem. 40:2843-2853



Grazing pressure and its impact on
productivity

1200
High grazing pressure [ )
(Low forage mass) \‘
900 .
Cattle °
Gain 600 | , -
(kg ha™) °-

i Low grazing pressure
300 (High forage mass)

O 1 1 1 1
1995 1998 2001 2004

Year of Evaluation

Bermudagrass pasture in

Georgia.Piedmont grazed  pata from Stuedemann and Franzluebbers (2007) J. Animal Sci. 85:1340-1350
by yearling steers and Franzluebbers et al. (2013) Renewable Agric. Food Syst. 28:160-172



Long-term perspective is needed...

300

Advantage to
O high grazing pressure
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Year of Evaluation

Bermudagrass pasture in

Georgia-Piedmont grazed Data from Stuedemann and Franzluebbers (2007) J. Animal Sci. 85:1340-1350
by yearling steers and Franzluebbers et al. (2013) Renewable Agric. Food Syst. 28:160-172



Multiple-year study invesfigating grazing of

Early Response of Soil Organ ns to .
Tillage and Integrated Crop-Livestock Production

Alan . Franziuebbers™ = Gron and cattle responses to tillage

John A. Stuedemann

.vq
Vil A

USDA-ARS, Natural Resource Conserv. Ce Systems for integ rated crop—l ivestoc k

1420 Experiment Station Rd.

vwie s production in the Southern Piedmont, USA

| ‘ \ A.J. Franzluebbers*, and J.A. Stuedemann



Background

— Environmental conditions
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Methods

— Tillage treatments

i | Chem|cal eﬂergy to keep soil
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Methods

— Cover crop utilization treatments

Cover crop planted to Cover crop planted as-a
protect the soil surface— | forage consumed by cattle =
conservation investment economic return: - -~

Ungrazed - k- SRAZEE L i Oy N



Crop production

— Summary of major effects

v Summer grain crops (sorghum, corn, soybean) were
sometimes inhibited by spring grazing of winter
cover crop, but wheat was unaffected by summer
grazing of cover crop
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v Summer grain crops (sorghum, corn, soybean) were
sometimes inhibited by spring grazing of winter
cover crop, but wheat was unaffected by summer
grazing of cover crop

v’ Both rye and pearl millet cover crops were
enhanced with no-tillage (NT) compared with
conventional-tillage (CT) management



Crop production

— Summary of major effects

v Summer grain crops (sorghum, corn, soybean) were
sometimes inhibited by spring grazing of winter
cover crop, but wheat was unaffected by summer
grazing of cover crop

v’ Both rye and pearl millet cover crops were
enhanced with no-tillage (NT) compared with
conventional-tillage (CT) management

4 Long-term NT resulted in greater yields than short-
term NT



Animal production

— Animal gain on cover crops

Days of Spring Grazing Summer Grazing

Year

grazing CT NT CT NT




Animal production

— Animal gain on cover crops

o Days_ of Spring Grazing Summer Grazing

grazing CT NT CT NT
-------------------- kg hat ----—-----mmm -

2002 0-56

2003 42 — 58

2004 49 — 50

2005 26 — 42

2006 35-0

2007 36 -0

2008 33-0

Mean | 37 — 52
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— Animal gain on cover crops

o Days_ of Spring Grazing Summer Grazing
grazing CT NT CT NT
-------------------- kg hat ----—-----mmm -
2002 0-56 - -
2003 42 — 58 219 292
2004 49 — 50 386 518
2005 26 — 42 76 163
2006 35-0 113 109
2007 36 -0 79 240
2008 33-0 335 223
Mean | 37 -52 | 201 258




Animal production

— Animal gain on cover crops

o Days_ of Spring Grazing Summer Grazing
grazing CT NT CT NT
-------------------- kg hat ----—-----mmm -
2002 0-56 - - 248 323
2003 42 — 58 219 292 297 335
2004 49 — 50 386 518 158 181
2005 26 — 42 76 163 250 324
2006 35-0 113 109 - -
2007 36 -0 79 240 - -
2008 33-0 335 223 - -
Mean | 37 -52 | 201 258 238 291




Animal production

— Added value provided by grazing of cover crops

v' With cattle gain of 243 + 112 kg ha' on cover crops,
this could equate to an additional $320-640 ha? in
gross sales, depending on cattle price (historically,
$0.60-1.20 Ib-1)



Animal production

— Added value provided by grazing of cover crops

v’ With cattle gain of 243 + 112 kg ha' on cover crops,
this could equate to an additional $320-640 ha? in

gross sales, depending on cattle price (historically,
$0.60-1.20 Ib-1)

Additionally:

v’ Summer cover crop allowed more grazing time than
In the spring (52 vs 37 days)




Animal production

— Added value provided by grazing of cover crops

v’ With cattle gain of 243 + 112 kg ha' on cover crops,
this could equate to an additional $320-640 ha? in

gross sales, depending on cattle price (historically,
$0.60-1.20 Ib-1)

Additionally:

v’ Summer cover crop allowed more grazing time than
In the spring (52 vs 37 days)

4 No-tillage management of cover crops compared
with conventional tillage resulted in 28% greater
cattle gain in spring (57 kg hat) and 22% greater
cattle gain in summer (53 kg ha)



Soil response to treading
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Franzluebbers and Stuedemann (2008) Soil Till. Res. 100:141-153



Soil response to treading

Soil Bulk Density (Mg m™)

0 1.0 1.2 1.4 1.6

Conventional tillage (6.5 yr)
10  =@= Grazed

Soil O Ungrazed
Depth No tillage (6.5 yr)
(cm) B Grazed

-20 F O ungrazed

Franzluebbers and Stuedemann (2008) Soil Till. Res. 100:141-153



Soil response to treading
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Soil response to treading
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Soil penetration resistance

Water Soil depth (cm)
Tillage | Cover crop| content 0-10 10-20 20-30
m3m3 | - Joules ---------------
0.12 123 267 329

Wet soil conditions (6 events in Years 2, 3, and 4)

Franzluebbers and Stuedemann (2008) Soil Till. Res. 100:141-153



Soil penetration resistance

Soil depth (cm)

Water
Tillage | Cover crop| content 0-10 10-20 20-30
m3m=3 | - Joules ---------------
0.12 123 267 329
Wet soil conditions (6 events in Years 2, 3, and 4)
CT Grazed 0.20 115 124
CT Ungrazed 0.20 111 118

Franzluebbers and Stuedemann (2008) Soil Till. Res. 100:141-153




Soil penetration resistance

Water Soil depth (cm)
Tillage | Cover crop| content 0-10 10-20 20-30
m3m3 | - Joules ---------------
0.12 123 267 329

Wet soil conditions (6 events in Years 2, 3, and 4)

CT Grazed 0.20 115 124
CT Ungrazed 0.20 111 118
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NT Ungrazed 0.22 131 137
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Soil penetration resistance

Water Soil depth (cm)
Tillage | Cover crop| content 0-10 10-20 20-30
m3m3 | - Joules ---------------
0.12 123 267 329

Wet soil conditions (6 events in Years 2, 3, and 4)

CT Grazed 0.20 115 124

CT Ungrazed 0.20 111 118

NT Grazed 0.22 133 133

NT Ungrazed 0.22 131 137
NT > CT G>U NT > CT

Franzluebbers and Stuedemann (2008) Soil Till. Res. 100:141-153
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Soil organic carbon under cropping and
pastures

Soil Organic Carbon (g kg ™) Sequestration

of SOC
0 5 10 15 20 25 (Mg hatyr?)
0 T T T O
0.53 **
_ -5 F Pasture 1
Soil (24 + 11 years)
Depth
em) | | 007 5=
Conventional
Tillage
Cropping
15 [ . 0.05 ns
20 Survey of 29 farm locations in AL, GA, SC, NC, VA 0-20 cm
0.74 **

Data from Causarano et al. (2008) Soil Sci. Soc. Am. J. 72:221-230



Soil organic matter accumulation under

pasture management Yearly
Accumulation
Rate
25 C N
Low Mg kg
High Grazing Pressure halyrt
Grazing Pressure / (High Forage Mass) | -
SOI| 20 F (Low Forage Mass) ‘ i 0.62 71
Organic N Unharvested& 0.59 76
Carbon [ LSDy s 2
(Mg ha'l) 0.32 31
- 15 -
el - 0.07 8
S~ cut for hay
10 1 1 1 1 1 1 1
0 2 4 6 8 10 12

Years of Management

Franzluebbers and Stuedemann (2010) Soil Sci. Soc. Am. J. 74: 2131-2141



Dynamics of soil organic matter in rotations

— Argentina
40
Soil 357
Organic
Carbon
: -1
(9 °kg™) 30t
Pasture Continuous cropping
termination
25 J 1 1 1
1975 1980 1985 1990 1995

Year

Data from Studdert et al. (1997) Soil Sci. Soc. Am. J. 61:1466-1472



Dynamics of soil organic matter in rotations

— Argentina
40
Pasture
Soil 35 6-yrcrop
Organic 2-yr pasture
Carbon
: -1
(9 kg~) 30t
Pasture Continuous cropping
tel’mlnatlol:r:asture
J termination
25 w 1 1 1
1975 1980 1985 1990 1995

Year

Data from Studdert et al. (1997) Soil Sci. Soc. Am. J. 61:1466-1472



Dynamics of soil organic matter in rotations

40

— Argentina

4-yr crop

4-yr pasture

Pasture

Pasture

Soil 35 [ 6-yrcrop
Organic 2-yr pasture
Carbon
: -1
(9°kg)zo}
Pasture Continuous cropping
termlnatlogasture
_l, termination
25 w 1 1 1
1975 1980 1985 1990 1995
Year

Data from Studdert et al. (1997) Soil Sci. Soc. Am. J. 61:1466-1472



Soil organic matter as a baseline ecosystem
indicator of productivity

4000 - o o
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o 0O
c
o
= 2000 -
L=
2
-
1000
Argentine Pampas 0 . .
134 farmer fields 0 20 40 60 80

Udolls, Ustolls, Psamments
3 years of wheat yield data

0-20 cm depth From Diaz-Zorita (1999) Agron. J. 91:276-279

Soil organic C (Mg ha™)



Soil organic matter as a baseline ecosystem
indicator of productivity

4000 - o O
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storage is 2 5000 .
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crop S
productivity 1000
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3 years of wheat yield data

0-20 cm depth From Diaz-Zorita (1999) Agron. J. 91:276-279

Soil organic C (Mg ha™)






Relationship between soil C and N
accumulation

100
TSN = 5.7 + 0.102 (SOC)
80 | rF=0.98
Total
Soil 60 |
Nitrogen
Accumulation 40 |
(kg ha—l.yr—l)
20 t
0 O

0 200 400 600 800 1000
Soil Organic Carbon Sequestration (kg ha™ yr™)

Franzluebbers and Stuedemann (2010) Soil Sci. Soc. Am. J. 74:2131-2141



Linkage of nitrogen with carbon

Mineralization and immobilization of N linked with C availability

Residue
added
(rich in C)

Relative
Microbial
Activity Nitrate
or in soil
Nitrate

Concentration
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Immobilization

Time



Linkage of nitrogen with carbon

Mineralization and immobilization of N linked with C availability

Relative
Microbial
Activity
or
Nitrate
Concentration

High soil microbial

activity sequesters 0

N into organic
matter

Residue
added
(rich in C)

Microbial

Nitrate
in soil

.

Immobilization

Time



The Nitrogen Cycle
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The Nitrogen Cycle
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The Nitrogen Cycle
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The Nitrogen Cycle
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Nitrogen - national
and global issue

N,O (ppb) Radiative forcing (Wm?2)
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Nitrogen - national
and global issue

O Hypoxic system

Human footprint
o

J1-10

(] 10-20
] 20-30
30-40
B 40-60
Il 60-80
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Therefore, alternatives needed...

4 Biological soil quality can be enhanced using
conservation agricultural practices and integrated
nutrient management strategies as part of ICLS
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Therefore, alternatives needed...

4 Biological soil quality can be enhanced using
conservation agricultural practices and integrated
nutrient management strategies as part of ICLS

4 Limiting disturbance of soil will preserve soil pores
and organic residues for soil faunal and microbial
development
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Therefore, alternatives needed...

4 Biological soil quality can be enhanced using
conservation agricultural practices and integrated
nutrient management strategies as part of ICLS

4 Limiting disturbance of soil will preserve soil pores
and organic residues for soil faunal and microbial
development

v" Adding C- and N-
rich organic
amendments (e.g.
crop residues, leys,
animal manures) will
enhance microbial W N A
activity and diversity A\ e
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Soil organic matter is a key

Total Organic C Passive

Particulate Organic C
Slow

‘- Active

Residue C



Idealized response of yield to N
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Idealized response of yield to N
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Idealized response of yield to N

1.0 } Sites with high N
availability and low N
08} fertilizer response
Relative 0.6

Yield
(fraction) 0.4

" Goal of enlarging the
biologically active N
pool without causing
N leakage
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Some history
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The search for rapid tests to predict N

continues...

Assessing Indices for Predictin§
Nitrogen Mineralization in Soi
Management Systems

Potential
s under Different

Schomberg et al. (2009)
Soil Sci. Soc. Am. J. 73:1575-1586

Table 1. Laboratory methods used for determining potential N mineralization.

Measurement Type Units Reference
Total Carbon Chemical g kg™ Bremner, 1996
Total Nitrogen Chemical mg kg~ Nelson and Sommers, 1996
Particulate organic matter C Chemical mg kg™ Franzluebbers et al., 2000
Particulate organic matter N Chemical mg kg~ Franzluebbers et al., 2000
KCl extractable NO;-N Extraction mg kg™ Mulvaney, 1996
Hot KCl extractable NH,-N Extraction mg kg~ Gianello and Bremner, 1986a
Hydrolyzable N Extraction mg kg™ Gianello and Bremner, 1986a
Sodium Hydroxide distillable N Distillation mg kg~ Sharifi et al., 2007
Phosphate-borate distillable N Distillation mg kg~ Gianello and Bremner, 1986a, 1988
Anaerobic N mineralization Incubation mg kg~ Waring and Bremner, 1964
N mineralization during 24 d  Incubation mg kg™ Franzluebbers et al., 2000
Flush of CO, during 3 d Incubation mg kg~ Franzluebbers et al., 2000
Calcium hypochlorite Chemical kPa Picone et al., 2002




The search for rapid tests to predict N
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Schomberg et al. (2009)

Assessing Indices for Predictin§ Potential
Soil Sci. Soc. Am. J. 73:1575-1586

Nitrogen Mineralization in Soils under Different
Management Systems

Table 1. Laboratory methods used for determining potential N mineralization.

Measurement Type Units Reference
Total Carbon Chemical g kg™ Bremner, 1996
Total Nitrogen Chemical mg kg~ Nelson and Sommers, 1996
Particulate organic matter C Chemical mg kg™ Franzluebbers et al., 2000
Particulate organic matter N Chemical mg kg~ Franzluebbers et al., 2000
KCl extractable NO;-N Extraction mg kg™ Mulvaney, 1996
Hot KCl extractable NH,-N Extraction mg kg~ Gianello and Bremner, 1986a
Hydrolyzable N Extraction mg kg™ Gianello and Bremner, 1986a
Sodium Hydroxide distillable N Distillation mg kg~ Sharifi et al., 2007
Phosphate-borate distillable N Distillation mg kg~ Gianello and Bremner, 1986a, 1988

Anaerobic N mineralization Incubation Waring and Bremner, 1964

N mineralization during 24 d  Incubation - Franzluebbers et al., 2000
Flush of CO, during 3 d Incubation - Franzluebbers et al., 2000
Calcium hypochlorite Chemical kPa Picone et al., 2002




Urgent need for robust soil health indicators

Total Organic C
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Flush of CO, following rewetting of dried
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Flush of CO, following rewetting of dried

soil

Franzluebbers et al. (1996)
Soil Sci. Soc. Am. J. 60:1133-1139
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Flush of
CO,
following
rewetting

of dried

soil
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Flush of CO, - Relation to active organic
maftter
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Flush of CO, - Relation to active organic
maftter
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Net N mineralization

Mean values from 1, 3, 5, and 7 years after converting pasture to
cropping system with cover crop management (mg N kg 24 d?)

Franzluebbers and Stuedemann (2015) J. Soil Water Conserv. 70:365-373



Net N mineralization

Mean values from 1, 3, 5, and 7 years after converting pasture to
cropping system with cover crop management (mg N kg 24 d?)

Conventional Tillage

Depth (cm) Ungrazed Grazed

0-3 33 34
3-6 38 35
6-12 29 28
12-20 25 27
20-30 20 20
0-30 112 111

Franzluebbers and Stuedemann (2015) J. Soil Water Conserv. 70:365-373



Net N mineralization

Mean values from 1, 3, 5, and 7 years after converting pasture to
cropping system with cover crop management (mg N kg 24 d)

Conventional Tillage No Tillage

Depth (cm) Ungrazed Grazed Ungrazed Grazed Significance

0-3 33 34 103 108 CT<NT
3-6 38 35 58 53 CT<NT
6-12 29 28 20 23
12-20 25 27 13 12 CT>NT
20-30 20 20 12 12 CT > NT

0-30 112 111 108 109



Flush of CO2

Mean values from 1, 3, 5, and 7 years after converting pasture to
cropping system with cover crop management (mg CO,-C kg 3 d)

Depth (cm)

0-3
3-6
6-12
12-20
20-30
0-30

Ungrazed

218
193
150
112
74
532

Conventional Tillage

Grazed

227
193
139
113
75
523

No Tillage

524
253
104
66
52
518

Ungrazed Grazed

530
238
105
64
50
520

Significance

CT<NT

CT>NT
CT>NT
CT>NT



Relationship of C and N mineralization
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Relationship of C and N mineralization
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Grazed by cattle

AT A /7 T FfanzIUebhers and Stuademann(ZOOI) Sci. World 1:673- 681
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Summary and conclusions

v Although many types of integrated crop-livestock systems exist
and data are limited, there is good reason to promote such
systems due to synergistic interaction



Summary and conclusions

v

v' Moderate (or optimum) grazing pressure can achieve goals of
productivity and environmental quality



Summary and conclusions

v

v

v' Grazing of cover crops in cropland should be accompanied with
conservation tillage to be most effective
" overall productivity can be enhanced



Summary and conclusions

v

v' Establishment of perennial grass pastures sequesters soil
organic C and enhances biologically active soil C and N fractions



Summary and conclusions

v

v

v" Biologically active soil C and N fractions are intimately
associated and change both rapidly and gradually with time
under ICLS and conservation agricultural systems

* The flush of CO, can be a good predictor of N availability






