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Carbon is the Currency of the Soil
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Practices that add Carbon to the Soil

Carbon
sequestration
for carbon

markets
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Our Carbon Conundrum!

‘Is it C “sequestration” orisitC “cycling”?

cychng

sequestratlon
Agricultural carbon
management reflects both
R OCESSED Carbon cycling
Sequestered is carbon in

carbon is energy “StatIC” “ACtIVG” tran_sition

stored for use at fueling
sometime inthe  Stored energy Useful energy ecosystem
future. Janzen, H.H. 2006.The soil carbon dilemma: Shall we hoard it or services.

use it? Soil Biology and Biochemistry, Volume 389 (3):419-424.
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How do we put carbon to work to increase production efficiency and
profitability?
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Journey of Change in the Saill

Results from Wayne Fredericks
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Changes at Wayne Fredericks

o 1992 2012

No-till soybeans in 1992 Cover crops beginning in 2010, over all fields in

2012

Strip-till corn in 2003
2003
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Long Term Effects of Crop Rotations -110 years

4
Morrow Plots: East Central lllinois
- O Corn-Oats-Hay Rotation
O Corn-Oats (1885-1953), Corn-Soybeans (1954-Present)
- A Continuous Corn
SN % d
-§ 2.63 Lost
a | Estimated 35%
O to 4% in 1888
O 2 - Wagner, (1989)
s 54]j>
>
£ 59%
3 11
7)) Sanborn Field: Central Missouri
Odell, R.T., W.M. Walker, LV. | ¥ ‘,’:V:r‘;até‘}gr‘;g?w'g';g;‘;f;ggfr Brown, J.R. 1993. Sanborn
Boone, and M.G. Oldham. A Continuous Wheat Field: A capsule of scientific
1982. The Morrow Plots: A ® Continuous Corn agricultural history in central
century of learning. ' ' ' ' ' ' ' ' ' ' ' ' Missouri. Missouri Agric.
Agricultural Experiment 1880 1900 1920 1940 1960 1980 2000 Experiment Station,
Station, College of Agriculture, Year Columbia, MO.
Univ. of lllinois Bull. 775,
Urbana-Champaign,
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Current * Losing carbon at the rate of 1000 Ibs

Conventional Clacre/year (8000 Ibs water/acre/year)
TiIIage * If you farm 40 years, lost 20 tons of C
. * What we consider as proper management is
Cropplng slowly degrading our soils
Systems in the - We have lost our ability to infiltrate, store, and
Midwest make water available

 Created yield variation across fields because of
limited soil water holding capacity
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Extractive Agrlculture Fence rows 6-9.5% OM

. ‘A-.l.- -

~ 2.5% Increase over 25 years

No-till
Strip-till

m_t
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Tillage and Crop Rotation Effects on Soil Carbon
in the top 0-24 inches over 12 years at ISU Farms

Al-Kaisi, 2020
NT ST CP DR MP
Ave SOC _g 288a . =R 1 aaa -
gain=0.22 : Ave SOC
ton/acre/yr § 221 sutheriand ) | kanawha LESRSCE (1) loss=-0.25
” e e e A ton/acre/yr.

Tillage system Tillage system

o
SOC change (ton acre™! year‘1) o

Ave SOC
loss=-0.27

Ave SOC

4 Crawfordsville

SOC change (ton acre”"yr)

1 McNay

ga|n=0.19 abbac aaa
ton/acre/yr_ ' NT sT . cp DR MP NT sT cp bR MP to n/acre/yr.
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S . I C h  Transition of a field from conventional tillage to no-till with
OI S a n g e a cover crop showed a rapid change in aggregates and
microbial biomass

Ra p I d Iy * The conversion occurred in the fall of 2016 and within one

year, there was a doubling of the microbial biomass in the
upper soil surface(0-6 in)

DMWD(mm)2016 DMWD(mm) 2017
. 15 .
Il 20 | gg
4.7036e+6 1 %8 4.7036e+6 | 3io
25 3.(5)
' 4
4.7035e+6 N 40 4.7035e+6
S o
*g 4.7034e+6 5 47034e+6
> >
4.7033e+6 4.7033e+6
4.7032e+6 47032e+6
4.7031e+6 47031e+6
4.566+8.567c+8.568e+8.560e+8.570e+8.571e+8.572e+5 4 566e+8.567e+8.568e+8.569e+8.570e+8.57 1e+8.572e+5
X Data X Data
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Increasing Uniformity in Fields
Soil 394 Ostrander loam

Increased
2004 Corn: Soil 394 2018 Corn: Soil 394 Profits
200 12000% _ 250 12000% _
50 1] - 100.00% § 200 —774- 100.00% §
Q ~ - 80.00% O g - 80.00% &
o - /_ 60.00% E g 10 )/’ 4 - 60.00% E
J%o / - 40.00% & g 100 AL - 40.00% &
- 20.00% g * 50 - 20.00% g
0 M ﬂ_’L ....... 0.00% § ) J SR /ﬁaP/ R 0.00% §
eI NBBIRALBIR L NN RBIRNeRNYe
= \—\—‘—\—NNNC\IO’)OOCOE
Yield (bu/ac) Yield (bu/ac)
Skewness -1.01 Skewness 0.19
Kurtosis 2.30 Kurtosis 4.48
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Increasing Uniformity in Fields

Soil 761 Franklin silt loam
2017 Corn: Soil 761 Increased Profits

2005 Corn: Soil 761 1000 )20{4
900 =
600 - 120% " 800 —— 100% 8
_ 5 1 100% § > 700 / // - 80% &
T 400 /5 80% Q@ € 600 = e
2 o o 4 0 O
/ Py S 500 60% >
$ 300 60% 9 & 2
2 § 400 s o 8
2 200 B 40% = w 300 - 40% 5
- - £ 200 /’7 20% §
100 Pd a 20% 5 100 . - 20% 3
0 —,/:!-ﬁ—r [ S 0% © 0 — #P!/ —!—. ....... 0%
N © O <
Yield (bu/ac) Yield (bu/ac)

Skewness -1.99 Skewness -0.86
Kurtosis 2.21 Kurtosis 7.91
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Water Use Efficiency

Yield stability among years, less variation among
years, standard deviation in yields half of
Water Use Efﬁciency COnventiOna| ti"age

Increased water use efficiency in terms of grain
produced per unit of seasonal rainfall, increases in
corn of nearly 50%

20

10 . . .
Broke the correlation between April-May rainfall

and low yields, and July-August rainfall and high
yields

B (6} (o2}
o o o

Percent Increase in yield/seasonal rainfall
w
o

Corn Soybean

Mitchell County mWayne
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Changes in N response

N Requirements to Produce a Bushel of Corn

1.20
1.00
With enhanced soil organic carbon and more water
0.80 . .
3 available the N requirements have decreased
> 0.60
3
0.40
Lb N/BU e Trend
0.20
0.00
™ < Yo} (o] N~ [ce] (o] o — N ™ < Yo} (o] N~ [ce]
SE S E8S SR8 338888 CFRE
Year
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What it Means

Increased field Improved water use
uniformity efficiency
Improved nutrient use Increased climate
efficiency resilience
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Take Away Messages from On-Farm Studies

Strip-till and No-Till works in northern lowa

Adding cover crops further enhances soil quality

Adoption of these practices changes
Soil organic matter Water Use Efficiency  Nitrogen Use Efficiency

Increases profitability
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What is the Value of Carbon?
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— e ~a

Soils. carbon. and

er

| ‘\vallablc water capacntu sod texture Field capacity
[ 30
Textural class | Available water capaciv % Gravity /
(inches/foot of depth) g 2 water / Hudson, 1994
. " 5 5 = Available
Coarse sand 0.25-0.75 -g 20 / e /
Fine sand 0.75-1.00 j§ -
Loamy sand 110-1.20 8 y i
‘ - & 10
Sandy loam 1.25-1.40 y e e
5 — -
Fine sandy 1.50-2.00 Wilting point i
loam 0~ Sand Sandy Loam Sit Clay Clay
' Silt loam 2.00-2.50 lnam lnam  lnam
: 3 - =
Sllt}' Clul)' 1.80-2.00 Gres e size ® Data Points
! « ——- < 48] SiltLoam Soil RS —— Sand, AWC = 3.8 + 2.2 OM
Jom 2 ° —m— Silt Loam, AWC = 9.2 + 3.7 OM
] —4A— Silty clay loam, =6.3+2.
Slltv dav 1.50-1.70 % 16 N | | S“,y lay | IAWC 63I 2.8 0M
| Clay 1.20-150 o " o 1 2 3 4 5 & 7
.- 8 124 .
= Organic Matter (%)
Z 101
5
g e
4 . T
0 2 4 6 8
po—— Organe ater )
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Organic Matter Effects on Available Water Capacity

Data from Soil Survey Investigation Reports

Silt loam * I | (surface horizons Only) Hudson, B. D. 1994. Soil organic matter and available
40- . “ water capacity. J. Soil Water Conserv. 49(2):189-194.
- Sands: FL (n = 20)
. /s - Silt loams: IA, WI, MN, KS (n = 18)
£ T . _
3 FC = 187 + 4l5 (OM) - Silty clay loams: IA, WI, MN, KS (n = 21)
z 2 2 0719
Ky / Sands AWC =3.8 + 2.2 (OM)
S 201 A 2 —
e | Siltloams AWC = 9.2 + 3.7(OM)
. P;;P'-.9.5 + 0.8 (OM) r?=0.58
OM increase from =0llns
1% to 4.5% 5:7% _ 22.9% (% by Vol) Silty clay loams AWC = 6.3 + 2.8 (OM)
AWC doubles! | S L B > —
6 1 2 3 4 5 6 1 r’=0.76

Percentage OM by weight
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Soil Water Dynamics

» Water is one of the most limiting factors to crop
productivity Which field is
— 80% of the yield loss is due to short-term water -
stress beca{ljse of insufficient soil water in the prOfltable?
profile
— Yield and profit robber is due to the inability of the
soil to infiltrate and store water
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Evolution of a continuous no till systems: 4 phases

Time (years)

Initial Transition Consolidation Maintenance
0-5 5-10 10-20 >20

Rebuild Increase soil High Crop High accum. of
aggregates density Residue crop residue

Low OM Start increasing High C Continuous N
crop residue and C flux
Low crop > CEC
residues Start increasing Very high C
soil OM > H20
Reestablish > H20
microbial Start increasing Immobilize N
biomass P < Min. High nutrient
Source: I . . cycling
>N mmobilize N >= > Nutrient
Sa, 2004 Minimum Cycling Less N & P use
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Our Carbon Conundrum!

‘Is it C “sequestration” orisitC “cycling”?

cychng

sequestratlon
Agricultural carbon
management reflects both
R OCESSED Carbon cycling
Sequestered is carbon in

carbon is energy “StatIC” “ACtIVG” tran_sition

stored for use at fueling
sometime inthe  Stored energy Useful energy ecosystem
future. Janzen, H.H. 2006.The soil carbon dilemma: Shall we hoard it or services.

use it? Soil Biology and Biochemistry, Volume 389 (3):419-424.
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Soil fauna

Nutrient cycling

Carbon cycling
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Plant nutrition

Ecosystem services
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Food nutrition
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Soil Aggradation Climb

Indicators of Soil Change

Microbial activity
Organic matter changes
Nutrient availability
Aggregate stability
Improved infiltration
Water availability

Improved Soil
Structure

Organic Matter
Turnover

Biological

Energy supports — > I

avaphic 31
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Relative ranking of SOC storage drivers

Q
(@)
O . .
Nl Microorganisms/fauna
i) Texture — clay content
N
o Land use and management >
w Vegetation >
(T
@) Climate >
m After Fig. 1 Wiesmeier, M., Urbanski, L., Hobley,
i Topography et al., 2019. Soil organic carbon storage as a
D key function of soils - A review of drivers and
> Parent material > indicators at various scales. Geoderma, 333:
u — 149-162
-

Soil physico-chemistry:
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Low Biological High Biological
Activity Activity

Assessing the

Dynamics of the o o B %00 sty
) ) 0 stability TN 0ty '
1 ) 07,0 b 80y
Upper Soil Layer 0 o W) )

Relative to Soil
Management
Practices

b Entrained
material
© $ |

L Slow infiltration,
fast time to
runoff

Unstable
microclimate

Stable
microclimate
Fast infiltration,
slow time to
runoff
High infiltration,
Delays runoff
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Role of cover crops in cropping systems

Cropping system without Cropping system with cover
cover crops - Limited time crops - Increased time for
for input and losses due to inputs into the soil volume
tillage, losses equal the with minimal loss due to soil
gains or exceed disturbance

—— —

R
!

Estimate 25% of the available
solar radiation in Ames, lowa is
in these shoulder periods

371t Annual

NO-TILLAGE Yetter') ‘e)@pta MonTag S ="  MartinTj]| ‘ wearparfs
/‘\\ CONFERENGE  "—— "™

1
January 10-13, 2023 $St. Louis, Mo.

SEED

Precision 1P mmsmsms
Ag "eader \V Planting YIS0ty Sound ¥ ',\3",5’}@’5,?" LLLLLL e




Challenges being faced by Producers

Midwest is
Rainfed - Changing precipitation regime
Agriculture . Seasonality
. Extreme amounts
. Frequency

Soil degradation and water holding capacity
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Practices that Add
Carbon to the Soll

« Maintaining Soil Armor (crop residue).

« Minimizing Soil Disturbance (less tillage).

« Maintaining Continual Living Plant Roots
(continual input of energy to the soil microbial
system).

« Adding Planting Diversity (diversity pays).

« Integrating Livestock (incorporation of carbon
and nutrients).
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Practices that add Carbon to the Soil

Carbon
sequestration
for carbon

markets
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Carbon Impacts on Soil

J oy P

-~

- 2000
gt g N
. 34y T -
L q .:.ON. : {ﬁ'

.h'.t'illtt-o" 0

|
i
u
.

WhICh éoﬂ profile would you rather farm?
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Value Added from Soil Carbon

Vet

Short-term Long-term

Increase microbial biomass and soil Increase nutrient cycling and availability
aggregates Decrease field variation
Increase nutrient cycling Stabilize yield variation among years
Increase infiltration Increase profitability and production

efficiency of natural resources
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Challenges

Evaluate fields for their :
. - Understand and quantify the
i variation due to soils and ‘M profit zones across a field
impact of weather variation

Evaluate how changes in the Value from soil carbon

& soil is affecting yield . O
os S, affects yield stability, yield
variation and the ROI from Q variation within fields, and

seasonal precipitation and ek
nutrient management the overall profitabilty
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Jerry L. Hatfield

Retired USDA-ARS Plant
Physiologist/Laboratory Director

Contact

Jerryhatfield6/7@gmail.com

515-509-5331
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