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Understanding How Carbon

Impacts Soils and Crops
Jerry L. Hatfield
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Carbon is like Water and Oxygen, without it there is no life!
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Outline

» Role of carbon in biological systems
» Process of capturing carbon
« Carbon as part of agroecology and farming systems
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Carbon in Biological systems

Almost 20% of the Foundation of all Ability to bond with
weight of an organism macromolecules, e.g., different elements as
Is carbon proteins, lipids, part of the life
nucleic acids,
carbohydrates
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Carbon in Soill

« Carbon based materials are the “glue” that form aggregates
« Carbon is the energy source for soil microbial activity
« Carbon is the foundation of soil formation
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Process of Capturing Carbon
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“’ : Soil fauna
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N/
” Nutrient cycling Carbon cycling
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Plant nutrition Ecosystem services I
Suay 4 I
; Food nutrition 1
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Secondary sugars

>

g micr. cells 6\ r

‘glll..

Intemal
recycllng

Source: A. Gunina, PpR[ ! § e lenzymes
Y. Kuzyakov / Soil ,

BiOIogy & Leaéhing
BiOChemiStry 90 seconds V Time years

201 5 Fig. 6. Fate of sugars in soil. Primary (plant derived) and secondary (microbially
derived) inputs of sugars are presented. The importance of three recycling cycles is
underlined: internal recycling within microbial cells (in blue, the rates are within
seconds to minutes), short-term external recycling (in red, the rates are within weeks
to months) and long-term external recycling (in braun, the rates are within months to
years and decades). SOM: soil organic matter, DOM: dissolved organic carbon, PPP:
pentose phosphate pathway, CAC: citric acid cycle, H: hexoses, P: pentoses. Note that
the size of the boxes does not correspond to the amount of sugar C in the pools.
However, we tried to reflect the intensity of fluxes by the size of the arrows. (For
interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)
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Root Exudates

» 15-40% of photosynthetically fixed C is exuded from the roots

» Glucose is the most abundant of root exudates (40-50%) followed by fructose (23%), saccharose
(23%) and ribose (8%)

» Estimated that 64-86% of C from roots goes to CO,, and 2-5% is in SOM
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Sugar and Sail. Organic Matter

Source: A. Gunina, Y.
Kuzyakov / Soil
Biology &
Biochemistry 90 (2015)
87e100
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Fig. 2. Total sugar C content depending on: SOM (top), soil texture (bottom left), plant functional types (bottom right). Left and right bottom graphs are created with the same data,
but left graph accounts only soil textures and right graph accounts only plant functional types. All regression lines are significant at least by p < 0.05. Because the intercepts in the
most regression lines were not significantly different from 0, the intercept were fixed as 0 (except for forest). (See references in Supplementary).
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Aggregate formation (natural glue)

Fate Of  Monomers- short-term
« Polysaccharides — long-term (clay
particles)

S U g a rS * Glucoproteins — bind mineral and

organic particles to soil aggregates
In the

. C increases (sequestration)
Soll

Maintenance of microbial
activity and function

31° Annual
NATIONAL
NO-TILLAGE XQEEQE‘:} '@)@ pta MonTag G = | I\/Ial’tln Tl“ ‘ Weal' pal' ,5

/ \\ GIINI‘EIIENGE Precision JITa<<<<9 E = mzmz=s
“‘ perryewymeny A9 Leader \V Planting An%lersons Sound R, > MidVVest §==='.==_-

Bio-Tech.. @ (Zroree e




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 .
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Seasonal input of
"Energy into a field
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Example of Energy Inputs

1 MJ = 239000 calories

a. Solar Energy

b. Canopy Energy Capture
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- B Pk L7
1 .Qi;am =T

~(Balesdent {.,p‘al bane, 1996)

4
\

2 ‘iﬁalry vetch 50% Toots remain; 13% shoots remaln at end of season,

“~3.8X mohe root-derived C
(Puget.& Drinkwater,.2001)

3..6 crops “root- detived C was ~2:3X > than shoot- derlved C.
(Katterer et al., 2011)

4, 6 crops - root derived C ~.5X >-shoot-derived C for SOM
(Table1 Jackson'et al., 2017) = .
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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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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
=3 X % G
§ 2.63 Losdt
a | Estimated 359/0
O to 4% in 1888
1) 2 - Wagner, (1989)
S 54%
>
s 59%
5 11
) Sanborn Field: Central Missouri
Odell, R.T., W.M. Walker, L.V} ¥ ‘(’:V;‘r‘:\ate‘}lggs,w'gsm‘;f;g:fr Brown, J.R. 1993. Sanborn
Boone, and M.G. Oldham. A Conti’nuous Wheat Field: A capsule of scientific
1982. The Morrow Plots: % ® 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-Champai
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Removed organic matter Cropping practices that
i limit return of carbon to
through tillage

the soil

Reduced the

: ) . Increased erosion rates
functionality of soils and ‘ and increased soil
increased reliance on .

degradation

external inputs

Agricultural systems have changed our soils and
reduced our ability to support ecosystem services
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Soybean

Good Soils = Good Yields

FARM EQUIPMENT
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Corn

Cultivating Solutions for Growth
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Variation in
National
Crop and

Commodity

Production
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Soil fauna
Nutrient cycling

{ «-. i Carbon cycling !
" Plant nutrition Ecosystem services I
dlﬂl V I
L Food nutrition |
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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:
31 Annual
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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

i )
Lo

Organic Matter
Turnover

Biological
Activity

avaphic 31
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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 different cropping systems

Limited time for input and
losses due to tillage,
losses equal the gains or
exceed

_L__—_
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Increased time for inputs into
the soil volume with minimal
loss due to soil disturbance

——

Estimate 25% of the available
solar radiation in Ames, lowa is
in these shoulder periods
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Continuous Cover and Soil Water

Attributes of soil health
that impact water
significantly are the
focus on continual
cover of the soil

First, protection against
raindrop energy so soil
aggregates are
protected and
infiltration rates are
maintained
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Continual cover
provides three
advantages for soil
water

Second, soil water
evaporation is reduced
so water is used by the

plant for transpiration
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Third, plant roots are
near the surface so
take advantage of

small rainfall events
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lowa County Maize Yields . v g
25 - o
A
20 - .
v N N
T P
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15 - O Floyd County ® °
V¥ Story County : Lo
A Washington County B 4
10 1 A
5 oA O
v p.\ :' R
A o 0 - O°
0+¥" wa . .
0.2 0.4 0.6 0.8 1.0 1.2

Fraction of Potential Maize Yield
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20% of the

__Yyield loss

occurs 80%
of the time
due to
water
availability
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Soil Water and Soil Carbon

Increase soil water \

/ Decrease plant stress

Increase soil Increase ROI )
water storage

\

Increase plant growth

Increase carbon ¢
input to soil
volume
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Water Use Efficiency changes after 20 years of strip-till (Wayne
Fredericks)

Yield stability among years, less variation
Water Use Efficiency among years, standard deviation in yields
half of conventional tillage

w B (6} (o2}
o o o o

Percent Increase in yield/seasonal rainfall
N
o

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

I Broke the correlation between April-May

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

o

Corn Soybean

Mitchell County mWayne
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What does this extra soil water mean?

Have water available to provide a supply between rain events
Alleviates the stress that reduces yield

Stabilizes grain yields among years, less variation

Creates a climate-smart system of production

Managing soil water will become the major challenge
to enhance productivity and increase profitability
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Maintaining cover on the soll

» Reduces the temperature extremes in the upper soil surface
« Maximum temperatures 85F vs 120-130F for a bare soil
» Destroy the biological activity in the soil with high temperatures above 104F

140
B Corn
120 O Soybean

100

Hours above 104F for
corn and soybean crops
at Ames, lowa until
complete canopy

80

Number of hours
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Summary

* Increasing carbon storage in soil depends on
— Reducing the intensity of tillage operation
— Maintaining continuous soil cover
— Continual supply of energy (carbon) into the soil
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* Crop diversity

» Bio-based fertilizers
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Challenges

« Understand and quantify the current state of your soils in terms of ROl (water, nutrients, inputs)
« Understand why variation is occurring within fields and a path toward improvement

« Adopt an approach of adaptive management and continuous improvement (implement, evaluate,
tweak, evaluate, etc.)
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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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