Precision Sustainable Agriculture:
New Technologies for On-Farm Decision Making
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NO SEEDS. NO WEEDS

Feed the World in the Face of Numerous Destabilizing Factors

* Changing climates
* Competing water demands
® Pest resistance to chemicals

* Declining soil and water quality
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Climate Smart Farming
Sustainable Agriculture (regenerative and resilient)

® Cover crops and perennials
¢ Reduced tillage

¢ Crop rotation/diversity

* Agroforestry

* Integrated Pest Management
* Cropl/livestock systems

* Breeding

Climate Smart Farming
Precision Agriculture (site specific and adaptive)
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Precision Sustainable Agricultural is Knowledge Intensive
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Translational Pipelines
Realm of science »  Realm of practice




Translational Pipelines Require Transdisciplinary Teams

operationalize and commercialize

Realm of science

Realm of practice

Natural Scientists
Farmers

Social Scientists

Engineers and Data Scientists Educators

Precision Sustainable Agriculture and GROW Networks:
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NO SEEDS. NO WEEDS.
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Actionable Data: highly structured databases, tools, and real-time API access

Web apps (surveys,

field & lab data) Soil water & temperature

Soil texture
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Web-based Decision Support Tools
Real-Time Decision Making and Long-term Planning

FEEDBACK
[Example: Legume | |

Location CoverCrop  Cash Crop Output

Where is your Field located?

Enter your address or zip code to determine your field's location. You can then zoom in and click to pinpoint it on the map. ocation. b GevacOrop;:  GeshGrop:.  {Ouiput
Findyour Locaton Name your Fied Walcomatotho [~ ]
Example ~ | Example: Legume Cover Crop Nitrogen Calculator (CC-NCALC)

This

3
nitrogen availability.

. Latitude Longitude
If you know your exact coordinates, you can enter them here: 3286538 | -82.2583¢

Map Satellite
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Decision support tools (data, models, and Ul)
(Data and models: Expert opinion, empirical and process-based models, ML/model hybrids)
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a ((,T;..o Technology transfer
4 (USDA-NRCS, county agents,
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h T‘ ’ private consultants)

Farmers
(facilitate learning and decision making)
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Precision Nitrocgen Management with Cover crops
ALC: (bttps://covercrop-ncalc.org)
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Location Cover Crop Cash Crop Output Example: Legume v

Residue N Content RESIDUE REMAINING
(123 Ib/ac)

Carbohydrates
(56 %)

Termination Date Holo-cellulose
(Apr27,2019) (37%)

Cover crop N released and Corn N uptake over time.
Planting date
Dry Biomass Lignin
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Cash crop recommended N rate
after accounting for cover crop N credits.

Y&S

S 3

‘@ Recommen ded N @ Cover Crop N credit

Y

} oS

A

X)

;
'@
oes

Temperatures: 15, 25, and 35 °C
Sampling times:15, 30, 60, 100, 150 d

/(

(
)




Thapa et al. (2022)

Regional Assessment of Cover Crop Residue Decomposition and N Release
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Regional Assessment of Cover Crop Residue Decomposition and N Release
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Precision
7 |Sustainable

Agriculture Home

Location

Precision Nitrogen Management with Cover crops
CC-NCALC: (https:/Jcovercrop-ncalc.org)

Soil Cover Crop Cash Crop Output

1 N
(Example: Legume)

Species
(Clover; Crimson)
Termination Date

(Apr27,2019)

Dry Biomass
(3500 Ib/ac)

@Recommended N

9 Ib/ac

No Till
(Surface)

Residue N Content
(123 Ib/ac)

Carbohydrates
(56 %)

Holo-cellulose
(37%)
Lignin

(7 %)

Cash crop recommended N rate
after accounting for cover crop N credits.

@Cover Crop N credit

91 Ib/ac

Target N

50 75 100 125

Highcharts.com

FEEDBA

RESIDUE REMAINING
By weeks after cover crop termination, cumulative N released is:

* 63 Ib/ac for surface residues.

Cover crop N released and Corn N uptake over time.

Planting date

3

3
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Cover Crop N Released (Ib/ac)
Corn N uptake (Ib/ac)

0
Apr 27
0 weeks

May 25
4 weeks

Jun 22
8 weeks

Jul 20
12 weeks

Aug 17
16 weeks

100%

75%

(%) pasea|ay N doi) JaA0D

25%

Highcharts.com
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Nitrogen rates

Cover crop treatments:

* 0, 45, 90, 179, 269, and 358 Ib ac'!

Ongoing Tool Calibration

e cereal rye, legume, rye/legume, fallow

State:
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Year:
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2017
2018
2019

e >
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Soil Moisture and Temperature Sensors
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2019 - 2023: Scaling Partnership with Acclima, Inc.

Gateways

23

On-Farm Soil Water and Temperature Data Collection

—~f

Cellular Database,

Tech
Dashboard

7
,,,,,,,

75em Soil Water \
_____________________________________________________ Sensors
Grower

Dashboard,
DSTs

24
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Field ID:

©ESRI, © OpenStreetMap, Stamen @ BY3.0

< RESET VIEW

We collected fresh plant tissues of your cover crop:
* 2017, BGR(
2017, BGR(
2018, BGS(
2018, BGS(:

Coverbiomass  Soilwater  Corn yield

5% 50% 75% 100%
% of soll water fleld capacity

In both these graphs green refers to the cover crop,
and orange-brown refers to the bare ground. Field
capacity is used here to mean the approximate
amount of water your soil can hold (without being
saturated) in the top 3 feet. This graph is averaged
over time, representing the whole season. Saved
water is how many more inches of water (in the top 3
feet) one plot had relative to the other each day.

BGS

50% 75% 100%
% of soll water fleld capacity

In both these graphs green refers to the cover crop,
and orange-brown refers to the bare ground. Field
capacity is used here to mean the approximate
amount of water your soil can hold (without being
saturated) in the top 3 feet. This graph is averaged
over time, representing the whole season. Saved
water is how many more inches of water (in the top 3
feet) one plot had relative to the other each day.

Grower Data Dashboard
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High spatial variability
(drainage issues)

Cover crop performance varies between and among fields

Topsoil
variation
Low soil BwA
P&K B s
| 102
End-row q = 110
compaction W 115
saeeees i 118
122
Soil pH 125

Historically Greater
managed less weed pressure
intensively Nearly fl
carly flat,

ponding

Corn Grain Yield
USDA-ARS, Centralia, MO
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Crop, Weed, and Cover Crop Performance Mapping

Precision
Sustainable
Agriculture

(’ ROW

OAK-D live-
stream

S

Depth frame

.o RGB frame Speues Semantic Segmentation

Species and Biomass
Estimates

28

1/3/24

14



¢

TROW

Crop, Weed, and Cover Crop Performance Mapping

Precision
Sustainable
Agriculture

#]

High Resolution, Open-access Image Repositories

BenchBot V1

Precision
Sustainable
Agriculture

GROW

1/3/24
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Precision
Sustainable
Agriculture

Enterprising BenchBot V2 with F arm-ng = oo

31

Image Repositories that are Portable to All Camera Sensors

Degrading resolution Color matching

£ TN
o qﬁ%

reduction in image quality to match deployment system

32
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Semantic Segmentation of Species
Pixel-based Classification
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Mapping Cover Crop Biomass — Mixed Species

Pixel-based Classification
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StressCam: Real-Time Water Stress Monitoring

"tb* DA ™

gﬁ*& & NC STATE UNIVERSITY

rvice  I—————

Cover Crop Breeding Network

Crimson Clover Hairy Vetch Winter Pea _ Cereal Rye Brassicas

L

| I
Traits of interest

hard seed I insect resistance Vdisease resistance) allelopathy
&—— softseed !

¢ nitrogen ——‘ I
&————  high biomass, early vigor, winter hardiness, flowering time, forage ~—®
quality

) Research station breeding
€  On-farm breeding

/\  Advanced line trials

42
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Breeding Cereal Rye for Allelopathy

National Outreach Team

GROW Website B o Social Media
) +
X\{)W\ivllil'sowll)wn.ll.)org - Twitter: @GetRidOfWeeds
ou supscripers:
. Farmers *YouTube: GROW IWM

. Crop Advisors B ool * 45 videos posted in 2023
. Media Outlets ' *Facebook: GROW IWM
- AgScientists sInstagram: @grow.iwm
. Government organizations
Weed Management Toolbox
Weed Identification Pages
IWM Definitions, Resources & Tools
News Page updated weekly with IWM
research & news
v Newsletter: The Weekly Update from
GROW

visits (2023)

AN NN

eeavassd 8

oO®»B® DO OB €
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http://www.growiwm.org/

Questions?

Email: eplaw@udel.edu

www.precisionsustainableag.org

www.growiwm.org

45

Precision
Sustainable
Agriculture

EROW

NO SEEDS. NO WEEDS.

1/3/24

23



