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* N-fertilization approaches and simulation models

* Three examples:
Forecast and Assessment of Cropping sysTemS (FACTS)
EONR prediction (complex model)
EONR prediction (simple model)

 Way forward for more accurate EONR predictions
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lowa farmers:

Table 4. Methods used to determine nitrogen fertilizer rates, farmers who planted cormn and/or
soybean in 2011

Percent

Checked
Crop nutrient requirements based upnnlml 71
Follow recommendations from|fertilizer dealer/supplier].......cooueeieeeeeiai e, 62
Apply fertilizer based UPON|PFIOFr EXPEFIENCE ... . et ee e e e ee e e ann e e 58
Use validated ffield tests from my own farm|to establish optimal rates.........c.c...c......... 29
Follow recommendations from| crop CONSURANT|.......ove e e e e 24
Follow|lowa State University nutrient management recommendations|..........cccoccceeue. 22
Corn N Rate Calculator|{IMBTIN......ooe e s se s re s e e srarae e s e se e e e e snanan e eees 1
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http://lib.dr.iastate.edu/extension_communities_pubs/24

lowa farmers Table 5. Number of nitrogen rate determination
methods used, farmers who planted
corn and/or soybean in 2011

Percent
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SEVEN et e e e e s s e e anan s e anans 1
Mone of the options provided............

Average number of methods used.... 2.8
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http://lib.dr.iastate.edu/extension_communities_pubs/24
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Grain yield

I

Uptake of N = minimum (plant demand, soil supply)

=y e

Crop stage Inorganic N|in the soil

Hybrids Roots \

Weather Water

Management Fertilizer (amount, time)
Soil Mineralization
N losses
Weather
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Differen f simulation m I

Inputs Tool

Weather data

Outputs

v

Simulation Yield, crop stage

Soil data ” model ~ Soil water, evapotranspiration
Management ’ Soil nitrogen, EONR
Soil organic matter
Crop + el — Cropping
model model - systems model
Yield > @stical model — Yield, EONR
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Three guestions about models

1. Are you using models ? —in general, not just agronomic models

Yes |
2. When was the first crop/soil model developed?
50 years ago

3. How many corn (and soil) models are available today?

~ 25 corn models, ~ 20 soil models

IOWA STATE UNIVERSITY
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And one more — which is the best model?
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Behind the simulation models — the case of the APSIM model
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how much dry matter is produced per day how much N become available per layer
- how much N and water is needed for uptake
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Testing the APSIM model — Corn-soybean rotation in Ames, |A
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Testing the APSIM model — Corn-soybean rotation in Ames, |A

o Soil NO3-N (kg/ha) in the 30-60cm
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Testing the APSIM model

Corn or soybean grain yield (kg/ha)
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* N-fertilization approaches and simulation models

* Three examples:

Forecast and Assessment of Cropping sysTemS (FACTS)
EONR prediction (complex model)

EONR prediction (simple model)

 Way forward for more accurate EONR predictions

IOWA STATE UNIVERSITY

Department of Agronomy



The FACTS project at lowa State University

FACTS = public available web tool that provides real-time measurements and
simulations for 10 ISU sites in IA: https://crops.extension.iastate.edu/facts/

WHY:

 (Quantitative answers to farmers questions [during the season]
* Explain what happened and scenario analysis [after the season]

 Smoother transition to digital Ag space [ground-truth measurements]
* Improve science behind models

IOWA STATE UNIVERSITY
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https://crops.extension.iastate.edu/facts/

Experimental sites Measurements

v" Soil moisture-temperature
v Depth to groundwater table
v’ Soil nitrate

v’ Plant growth, staging

v’ Yield and yield components
v Root depth, mass, length

v" Tile Drainage and N leaching
v’ More

Years: 2015, 2016, 2017, 2018 ...
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The FACTS part I: yield forecast

Crop Location Management
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Yield prediction (Bu/acre)

2401
@ ) iy,
8 2204 — X /5 o +
i - % 7 . : : :
O
o
>_

200+ y

May Jun Jul Aug Sep Oct Nov

Scenario = Best case (potential) * Measured (when available) = Median prediction = Worst case

http://crops.extension.iastate.edu/facts/

IOWA STATE UNIVERSITY

Last update: November 20, 2017

Plot Options

Yield prediction
% (@ Bufacre

¢ Best case (potential)

¢ Median prediction

¢ \Worst case

¢ Measured (when available)

Department of Agronomy


http://crops.extension.iastate.edu/facts/

Soil nitrate (Ibs N/acre)
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Faster GDD accumulation = faster plant growth = faster root growth
— faster water and nitrogen uptake ... but fewer growing days
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Top 2 feet soil moisture
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Take-home messages from study 1

* Value out of the model in understanding/predicting the complex system
* June-July the months with the most web-visits

 The addition of the 35-yr patterns was viewed very positively
(benchmarking water and nitrogen status)

* Model prediction accuracy is good and getting better year by year.

* |In 80% of the cases, yield prediction at planting time was close to
measured

IOWA STATE UNIVERSITY
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* N-fertilization approaches and simulation models

* Three examples:

Forecast and Assessment of Cropping sysTemS (FACTS)
EONR prediction (complex model)

EONR prediction (simple model)

 Way forward for more accurate EONR predictions
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Laila Puntel

ORIGINAL RESEARCH ARTICLE ,')
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updates

Modeling Long-Term Corn Yield Response to
Nitrogen Rate and Crop Rotation

* Laila A. Puntel®, John E. Sawyer’, Daniel W. Barker?, m Ranae Dietzel’, Hanna

Poffenbarger?, Michael J. Castellano!, Kenneth J. Moore?!, I"'_' Peter Thorburn- and H Sotirios
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A Systems Modeling Approach to Forecast
Corn Economic Optimum Nitrogen Rate
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Castellano?, Kenneth J. Moore!, Andrew VanLoocke’, m Emily A. Heaton? and a Sotirios V.
Archontoulis™

IOWA STATE UNIVERSITY

Department of Agronomy



151 A % g
Model testing ~ W Full N
£ 107 — <
s
. © Uil o = m
= 32 N-trials Al i - Zero N
. - I =
" Two crop rotations i
= Five N rates
. 3.01
= ] site (Ames, |IA), 14 years = | P
w 2.5
rL:U;’EG- }’_’ L —+
_ = L
= Points = measurements = 1L
= Lines = simulations ?

—
=

1999 2001 2003 2005 2007 2009 2011 2013
Years

IOWA STATE UNIVERSITY Puntel et al., 2016.

Department of Agronomy Frontiers in Plant Science



Long-term average EONR predictions very accurate
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How accurately can APSIM predict yield and EONR at planting time?
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Take-home messages from study 2

APSIM can be used as an EONR forecasting system:
= Direction
= EONR prediction at planting had about the same accuracy at
the prediction at the end of the season
Benefits: science based approach that integrates G, M, and E

Drawbacks: computationally intensive and data input requirements

Next: testing in more sites

IOWA STATE UNIVERSITY Puntel et al., 2018

Department of Agronomy Frontiers in Plant Science



* N-fertilization approaches and simulation models

* Three examples:

Forecast and Assessment of Cropping sysTemS (FACTS)
EONR prediction (complex model)

EONR prediction (simple model)

 Way forward for more accurate EONR predictions
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52 N-trials in Argentina
Several measurements per N-trial

Uruguay

Corn production (rainfed):
Argentina 40 million tons
USA 370 million tons

IOWA STATE UNIVERSITY
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Research questions

1. Which factors do matter the most in the EONR prediction?
* Dynamic factors (e.g. soil nitrate) or static (e.g. texture)?

2. Can simple statistical models predict yield and EONR?
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EONR

Static factors R?,;; = 0.2
Dynamic factors R?,; = 0.50
Static + dynamic R? 4 = 0.61
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Which factors do matter the most in the EONR prediction?

# of rain events above 20 mm from planting to silking -

Residue amount at previous crop harvest |

# of rain events above 20 mm from silking to maturity

R2aolj =0.61
Soil depth |
Soil nitrate at planting time (0-60 cm depth) |
B Dynamic
B Static
# days with temperature above 35°C around silking -
0 10 20 30 40 50

Percent of variance explain by factor

Puntel et al. In review.
European J. Agronomy



EONR (kg N/ha) = intercept + a, * soil depth + a, * residue amount + a, * soll
nitrate + a, * rain eventsl + a; * rain events2 +a, * temperature

Information only from previous crop harvest to this year’s crop planting.
The new EONR forecasting tool:

4

EONR (kg N/ha) = intercept + b, * soil depth + b, * residue amount + b, *
soil nitrate + b, * soil water at planting + b * landscape curvature + b, *
rain events (harvest to planting)

IOWA STATE UNIVERSITY Puntel et al. In review.

Department of Agronomy European J. Agronomy



Take-home messages from study 3

The new statistical model(s) can explain about 60% of the EONR variability

Fills the space between simple (MRTN) and complex (APSIM) models

High potential in view of increasing data availability

Dynamic factors the most important in EONR prediction
 #rain events > 20 mm (about 1”)
* Yield of previous crop not important!

IOWA STATE UNIVERSITY

Department of Agronomy



* N-fertilization approaches and simulation models

* Three examples:
Forecast and Assessment of Cropping sysTemS (FACTS)
EONR prediction (complex model)
EONR prediction (simple model)

* | Way forward for more accurate EONR predictions

IOWA STATE UNIVERSITY
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We need more data ... but also different data, not just yields and N-trials.

A better understanding of the soil-plant processes will lead to a better
prediction of the EONR

No1l issue to be solved is the excessive moisture impacts on soil and plant N

_________________

Yield EONRE Highest

economic and
environmental
cost

Precipitation

IOWA STATE UNIVERSITY
Department of Agronomy



Over the last 10 years we have ran thousands of N-trials across the Corn Belt

| ——— WATER LIMITING ~————————s | =—— AERATION LIMITING —=|

How many studies did we do T
on soil N mineralization,
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response to moisture?
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3 0 20 30 40 50 60 70 80 90 100
depth . % WATER-FILLED PORE SPACE

Linn and Doran, 1984 (SSSA)
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After a heavy rain even in June everyone's mind goes to soil N leaching

Are we losing N from the plant?

IOWA STATE UNIVERSITY

Department of Agronomy



Central IA, soybean field, July 8, 2018

@ control @ waterlogging

Leaf N concentration {%)

22 to 45% reduction in leaf N conc.

V6 R1 R3 R5

1 week waterlogging at different growth stages

Board, 2008, Journal of Plant Nutrition
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The entire Corn Belt is at a top of a shallow water table
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Conclusions

*  We mostly need N-tools (models) in
have the most significant economic

National Academies of Sciences, 2018

* |f amodelis perfect thenitis not a

* Do not expect high R?values (lots o | | ‘ Predictive

* Combine strengths not just compar

. >
* N-trails AND other data to fill gaps MATURITY OF ANALYTICS
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