Future challenges

Soil Health and Climate
Resilience




What does the future hold?

More variable weather within and among
S€asons

Warmer temperatures

Shifting seasonality of precipitation
More demand for food, feed, and fiber



Projected Change in N. American Precipitation
by 2080-2090
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Weather Trend: Unusual combinations of spring

and summer rainfall are occurring more often

Spring and Summer Rainfall In lowa (1893-2013)
1-in-20-yr return in 1893-1980 has 1-in-4-yr return in 1981-2013
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Current Agriculture in the Midwest
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When it Rains, it Pours

Average Precipitation Heavy Precipitation

\‘ / IJ
——— |

Precipitation Difference (Inches)

Difference in Number of Days

| | I | > I | I I >
00 08 16 24 32

4.0 0.0 0.3 0.6 0.9 1.2 1.5

Wettest 5-Day Total

\_L“ P
¢

Consecutive Dry Days

f

Precipitation Difference (Inches)

Difference in Number of Days

I I I I I > I I I I I >
0

0.0 0.2 0.4 0.6 08 1 -2 -1 0 1 2 3



Projected Temperature Change

Temperature Change (°F)
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Temperature Changes

Projections of Surface Temperatures
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CropYields Decline under
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Good Solils = GoodYields
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Maize County Yields

1000
900 -
<
&
=
b -
B 80
>_
>
c
o 700 -
O
c
®
S
600
500

o
Y = 436896 + 478.149X, r2 = 0.58%***®  Kentucky

O lowa

T T T T T

0.4 0.6 0.8
NCCPI-AG

1.0



e la

aWinnipeg

Kap uskasingd
)

[ S
Timmin=

ot
sudbu . gay
o° O

= owelC" g arried
3 gound pete

Guelph,
-H

garmid A~ ondon
5 G

i)

‘chariestol

Q1 exington
county_8state

x| NCCPIcs Mean
" | 0.137838-0.426432
\ 0.426433 - 0555251

Bowling
Green()

SNastiville

Topeka
®.
alina
TulsaL_,J Fayetteville

Muskogeg
‘! 4
ARKANSAS

‘-:x

Little
Rock

TE
OJackson

OMemphis i

Hu,

nisville A
Sources EsrL,AHERE, Dellamme, USGS, Intermap, increment; P CofpiBNREAN,
Esri Ja‘ﬁ'ﬁéhPRAETI‘ EshlChina (Hongikong) Esn (Thailand), TomTom:
Mapmylndia, ©@CGpenStresthap coﬁtnbut@g’@_q@klﬁe@@ UserCommunity

| | oss5252-0655517

I 05655518 - 0.750504
I 0750505 - 0916519




Yield (kg ha™)

Yield Gaps

14000
12000 1 10Wa Maize Story County
Attainable Yield
10000 9 ——— Actual Yield
Yield Gap
8000 A
6000 - H
4000 - | |
I 1 Yy,
2000 4  \ I I La
- A /
\/ONA A A N \Il‘/ /N
04V VV V v
'2000 T T T T T T
1950 1960 1970 1980 1990 2000 2010

Year

Cumulative Frequency

0.8 A

0.6 4

0.4 4

0.2 4

0.0

lowa Maize Story County

0.0

0.2

0.4 0.6
Fraction of Attainable Yield

0.8

1.0



Corn: Specific Claims

Total Claims
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Soybean: Specific Claims
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Soil Degradation Spiral

Poor Land Management

Aggregation Degradation

Compaction
& crusting

Water & Wind Erosion

Plant Growth

Soil Biology

Yield

Reduced Soll
Productivity



Erosion: How much iIs tolerable

and the Environment



The wind blows too

and the Environment




Soil Aggradation Climb
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We build soil through biological activity not by physical or chemical manipulation






Percentage H,0 by volume

Silt loam
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OM increase from 1% to 4.5%
AWC doubles!

- Sands: FL (n = 20)
- Silt loams: IA, WI, MN, KS (n = 18)
- Silty clay loams: IA, WI, MN, KS (n = 21)

Sands AWC =3.8+ 2.2 (OM)
r2=0.79

Silt loams AWC =9.2 + 3.7(OM)
r2=0.58

)

Silty clay loams AWC =6.3 + 2.8 (OM)
r2=0.76

Hudson, B. D. 1994. Soil organic matter and available
water capacity. J. Soil Water Conserv. 49(2):189-194.



Improving the soll

Will not change the
precipitation availability
Will be able to change the
soil water availability if
we reduce E of ET,
residue can reduce the
soil water evaporation by
50 t0 100% —
Increase the soil biology Organic Matter ()
will increase the organic

matter content

Available Water Content (%0)




Soybean Production Field
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olar Radiation

Water Cycle

Carbon Wiater itrogen

Soil surface

N

Key Processes
Photosynthesis Precipitation N Fixation
ReSpiration Evaporation Mineralization
Org/Matter decomp Infiltration Denitrifi€ation
Plant'decomposition ' Runoff Plant decomposition
Percolation
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A Systems Approach

Lal, 2015, JSWC
70:82A-88A

System-Based Approach to Transform No-Till Into Conservation Agriculture

Conservation Agriculture
+ Sustainable Intensification
* Climate-Resilient System
* Sustainable Development

Integrated Nutrient
Management

*Efficient Resource Use

* Improved Water Quality
+» Decreasing Energy Use
* Low Air Pollution

Complex Crop
Rotation

*Reducing Energy Use

+ Breaking Life Cycles of Pests
and Pathogens

* Improving Environment

Cover
Cropping

F 9

*Mutrient Retention

+ Weed Control

* Input of Biomass-C

+ Soil Quality Improvement

Residue

Mulch

*Soil'Water Conservation

+ Temperature Moderation
* Energy Source for Biota
+ Nutrient Cycling

No-Till
Minimal Soil Disturbance




Climate Resilience

Requires a soil to supply water and nutrients
throughout the life cycle of the plant
Cropping system that can withstand the
stresses imposed by variable weather
Requires an integration of genetics and
management to offset the environmental
impacts (Gx Ex M)

Enhancing the soil will increase the capacity
of the agroecosystem to be resilient



