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Spinners in soybeans. Photo: Dale Mutch
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cultivation + Bezzerides +
hand-weeding no hand-weeding

Organic soybeans, Wiley farm, 7/23/04.

Photo: Adam Davis
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Some reasons to avoid over-reliance on soil
disturbance for weed control

* Weed species may not be a good target for cultivation
* Extended germination period
 Difficult to uproot
* Vegetative reproduction
* Etc.

* Vulnerability to wet soil conditions
 Extra trips through the field
* Destruction of soil organic matter and aggregate stability



Use cultivation to tune, rather than
drive, weed management system

Davis et al. 2012



Integrated weed mgt.

Mechanical
* Not just a set of tools
* Need to know your weeds

Chemical T\WWM Cultural * Choose appropriate tactics

* Spread tactics throughout
weed life cycles

* Manage for the long-term

Biological * Build weed suppressive
cropping systems
- * Begin with prevention
Prevention

Drawing by Annie Klodd https://integratedweedmanagement.org/



https://integratedweedmanagement.org/

Weed-suppressive cropping systems...

* Prevent germination
* Prevent seedling establishment
* Reduce weed competition

* Reduce seedbanks
e Reduce seed production
* Prevent seed return
* increase seed predation
* increase seed decay
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Weed life history: . summer annuals

Summer Summer

annual

tall waterhemp
(Amaranthus tuberculatus)

die in winter

Source: Cavigelli et al. 2000



Weed life history: II. winter annuals

Winter
annual

die in summer

' 4

germinate
in fall and winter

P

— dormant in winter _ )
marestail (Conyza canadensis)

produce seed spring
and early summer

A

Source: Cavigelli et al. 2000 Image source: B. Hartzler, ISU



Weed life history: Ill. biennials

Biennial summer=kall
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wild carrot (Daucus carota)

Kelly A. Nekon

Source: Cavigelli et al. 2000



Weed life history: IV. perennials

Perennial

]

Canada thistle (Cirsium arvense)

Source: Cavigelli et al. 2000



Highest priority management targets, by life history

annual biennial perennial

seeds rosettes, seedlings > seeds rosettes > seedlings > adults > seeds

Davis. 2006. Weed Sci. 54: 558-565



Plan rotation phases to disrupt weed life cycles

summer annual crop
summer annual
winter annual

perennial/biennial

winter annual crop

X X X X
perennial/biennial crop

o
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Target all stages of life cycle

‘Many little hammers’ (Liebman and Gallandt, 1997)

Artwork: Rich Smith



Summer annual weed - Spring-planted crop
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Davis et al. (2005) Integrated weed management

Michigan State Unbeerity Extemion Bulletin £:2931 » New = Febeuary 2005

v 1 Integrated Weed Management
% "“One Year's Seeding ... . .

”

https://drive.google.com/file/d/1tWeFijB
dw47KvFdmcuKyJWC3ZrEtBwK5/view

Figure 1. The relationship between field operations for a spring-planted crop (yellow) and life cycle of a

summer annual weed (green). Dotted lines show weed management opportunities throughout the year.
Source: Adam Davis.

Stage  Potential sources of weed management benefits

A seed decay (Ch. 9), seed predation (Ch. 9), seed aging (Ch. 1), depth
placement of seeds (Ch. 4), loss of seed dormancy (Ch. 1)

B fatal germination (Ch. 1), allelopathy (Ch. 3), stale seedbed (Ch. 7),
mulch/cover crop (Ch. 3), seed-soil contact (Ch. 2), PRE herbicide (Ch. 8),

C physical control (Ch. 7), POST herbicide (Ch. 8), crop competition (Ch. 5)

D hand weeding (Ch. 7), swathing (Ch. 7), herbivory (Ch. 9), crop
competition (Ch. 5)

E seed predation (Ch. 9), seed removal with chaff (Ch. 10), mowing (Ch. 7),
stubble burning (Ch. 7), sanitation (Ch. 10), fencerow maintenance
(Ch. 10)



https://drive.google.com/file/d/1tWeFijBdw47KvFdmcuKyJWC3ZrEtBwK5/view

Michigan State Univerity Eatemion Bulletin 12931 « New « February 2005

Integrated Weed Management

Winter annual weed - Fallplanted crop
“One Year's Seeding & L
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Potentlal sources of weed management benefits

Stage
Establishment A seed decay (Ch. 9), seed predation (Ch. 9), seed aging (Ch. 1),
B
c,D
D
E

loss of seed dormancy (Ch. 1)
and 'm sanitation (Ch. 10), fencerow maintenance (Ch. 10), fatal germination
{Ch. 1), thy (Ch. 3), PRE herbicide (Ch. 8)
POST he (Ch. 8), crop competition (Ch. 5)
hand weeding (Ch. 7), swathing (Ch. 7), herbivory (Ch. 9)

herbivory (Ch. 9), mowing (Ch. 7), mulch/cover crop (Ch.3)

Davis et al. (2005) Integrated weed management
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“
\ : relationship between field operations for a spring-planted crop (orange) and life cycle of a
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S D Stage  Potentlal sources of weed management benefits
A tillage (Ch. 4), PRE herbicide (Ch. 8)
B physical control (Ch. 7), POST herbicide (Ch. B), crop competition
Storage organs (Ch. 5)

survive hand weeding (Ch. 7), swathing (Ch. 7), herbivory (Ch. 9), crop

C
competition (Ch. 5)
over winter D  mowing (Ch. 7), fall herbicide application (Ch. 8), seed predation (Ch. 9)

Davis et al. (2005) Integrated weed management
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Steve Hurst @ USDA-NRCS PLANTS Database
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seed fate

Germinate and live

Wind and water

removal =

Dormant

Not viable (dead)

Davis et al. (2005) Integrated weed management



Weed seedbank is persistent, but don’t give up!

Weed species Years for 50% reduction Years for 50 % reduction
in seedbank (Burnside et | in seedbank (Davis et al.
al. 1996) 2016)

common lambsquarters 12 2

velvetleaf 8 2.4

smartweed 4 0.5

redroot pigweed 4 1.8

common ragweed 2.5 0.7

giant foxtail <1 1

kochia <1 0.12

A

The way these data were | have more confidence
estimated was biased in these numbers (seeds

towards longevity (stored allowed to germinate and
in glass jars). exposed to predators).



Persistent seeds(%)

100
80
60
40

20

100
80
60
40

20

0 2 3 4 5
] ] ] ] L1 ] ] ] ] ] ] ] ] ]
KOCSC SETFA AMATA
o o
(¢]
(o)
o
o o
o o
SETGL ABUTH IPOHE PANMI
o
o o
o
o o o o
ALPET POLPY AMBTR THLAR
o
o
o o
o
o [o) © o o
I I I I T I I I I I I I I [ I I I I I
0 2 3 4 5 1.2 3 4 5

Duration of burial (years)

100
80
60
40

20

Davis et al. 2016



Tillage as one-time rescue for massive seed input

Photo: Adam Davis



Depth (inches)

Percentage of seeds at depth
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Mohler (2001)



How can we target the weed seedbank?

* Reduce persistence:

e Conservation biocontrol
» decay by soil/seed microbes
* post-dispersal seed predation

e Depth control

e Fatal germination
e Stale seedbed

e Reduce inputs
* Competitive crop cultivars
* Pre-dispersal predation
 Damage seeds

Gallandt. 2006. Weed Sci. 54:588-596









Combine harvesters are
one of the most efficient
weed seed dispersal
devices ever invented.

‘ = standing weeds
with undispersed seed

Need for
Harvest
Weed Seed
Control

2m

Cousens and Croft, 2001



The Harrington “Seed destroyer”: will it work here too?

https://will.illinois.edu/agriculture/note/42130



Harrlngton Seed Destructor
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Walsh et al. (2012)

Fuel use/hr: +0.5 gal (combine); 6-8 gal (HSD)
Weight: 12,000 Ibs; tow hitch wt: 992 |bs
Engine: Cummins QSB6.7, 205 hp @ 1800 rpm
Cage mill: 188 hp @ 1400 rpm

Harvest speed: no restriction

Source: DeBruin Engineering, Australia www.debruinengineering.com.au



Waterhemp (Amaranthus tuberculatus) seed after HSD treatment

Photo: Nick Hausman



In stationary trials, the HSD reduced
weed seed viability by > 99%
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Weed seed capture varies by species, year, harvest date
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HSD reduced waterhemp seed return by 70 to 80%
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HSD reduced waterhemp seedling emergence following HSD in soybean
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‘x Cultural control
/

Cropping system diversification to build
weed suppressive cropping systems



IDEA Farm Network Field Day, Lily Lake IL, 8/30/17



buckwheat
8/30/17
Lily Lake, IL




sorghum sudangrass
8/30/17
Lily Lake, IL







Nitrogen synchrony in row crop ecosystems

Crop-centric fertility

Nitrogen supply from Nitrogen demand
decomposition by plants

Despite starting small, weed
seedlings quickly catch up
with crop seedlings

weed

Rates of nitrogen supply or demand

Jan Mar May July Sept Nov
Month
highly-branched \ / \ | Figure 4. Nitrogen synchrony in row crop ecosystems.
root system captures '’ | Source: Cavigelli et al., 1998.

nutrients efficiently,
fueling quick growth
by the weed seedling



e

Injected manure increased barley growth and competitive
effect on weeds, compared with broadcast manure.

Broadcast Broadcast

not harrowed 'njected  parrowed  Injected
not harrowed harrowed

Rasmussen 2002 Treatment



Green manures for allelopathy

incorporation of

legume green manure
increase of phenolic
acids in agueous sol’n
in soil

increased leakiness in root
membranes, fungal pathogens follow
- trail of exudates via chemotaxis

S-~s, weed seeds suppressed
(chemical & fungal)

o Dicots . Monocots ‘ | o Dicots . Monocots
(A) Germination inhibition (B) Radicle inhibition
100+ o o 100+
2 3
= 80 . < 80+
.0 g
3 60 % 60
£ 40 z 40-
c £
..9_ 20 2 204
© L
£ o 3 o crop seeds unharmed
& -20 20+
. o
-40 T T T T -40 T T T
2 4 6 8 10 2 4 6 8 10
Hundred-seed mass (In[mg]) Hundred-seed mass (In[mg])
Commen intercept, common slope Separate intercepts, common slope
Seed mass: p = 0.0005 Dicot vs, monocet: p = 0,0002
y=60.71 -7.12(x) Seed mass: p < 0.0001
Dicots: y = 99.93 - 9.19(x)
Monocots: y = 118.13 - 9.19(x)
Ficure 1. Germination inhibition (A) and radicle inhibition (B) of seeds Conklin et al. 2002. Plant & Soil. 238: 245-256
in Experiment 1 as a function of seed mass and taxonomic class (monocot Liebman & Sundberg. 2006. Weed Sci. 54:340-345.

vs. dicot). Eighteen weed and 44 crop accessions were exposed to a 2%
aqueous extract of Marathon red clover or distilled water. See text for meth-
ods of calculating germination inhibition and radicle inhibition.



Counterclockwise, from top right:
roller being used to kill hairy vetch
cover crop; close-up of roller

showing blades for crimping stems;
dead vetch residue several days after

rolling.

Photos: Dale Mutch
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Weed seedlings (plants m2)

25

20 —e—giant foxtalil
—e—common waterhemp
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2004 2006 2008 2010 2012

Year

Davis (unpublished)



@' PLOS | ONE A peer-reviewed, open access journal C o p rOta t i on

Home Browse Articles About For Readers For Authors and Reviewers

RESEARCH ARTICLE OPEN a ACCESS, Marsden Farm

Boone, IA

Increasing Cropping System Diversity Balances Productivity, Dr. Matt Liebman. P!
. I )

Profitability and Environmental Health

‘5&06‘

N

rotation length crop sequence
2 yr m-s

3 yr m-s-o/r

4 yr m-s-o/a-a

Davis et al. 2012 PLOS ONE 7(10): e47149



soybean yield

harvested crop

maize yield
mass (

. weed seedbank

profitq depletion
freshwater
labor .
toxicity

energy use herbicide

Rotation length (years)

synthetic N
inputs

-2 -0-3 a4

Davis et al. 2012 PLOS ONE 7(10): e47149



Marsden Farm
Boone, IA

small grain underseeded
with red clover, early fall
after summer’s growth
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Davis et al. (2003)



Diverse crops can provide year-long cover to seed predators

100

N
| Q\/\K\

Canopy cover (%)

0 | | |
spring summer autumn winter

corn, soybean

small grain + legume

alfalfa
Heggenstaller et al. (2006)









Year 1
corn

Year 2
soybean

Year 3
corn

Year 4
soybean

Overall
impact

O Herbicide application

2-year rotation

JFMAMIJ JASOND

lTiIIage or cultivation

4-year diversified rotation

Year 1
corn

Year 2
soybean

Year 3
oat/forage
legume

Year 4
forage
legume

Overall
impact

JFMAMIJ JASOND

Month of the year

s Row closure by canopy K Mowing and forage removal

after Liebman and Staver, 2001



Disruption of weed life cycles

summer annual crop

summer annual

| winter annual

| | perennial/biennial

winter annual crop

perennial/biennial crop

o
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Adding sunflowers
into a crop rotation
can help clean up a
weed field because
sunflowers can be
cultivated very
aggressively.



Year 1: drill small grain, skipping every 4th row
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Source: Melander and Rasmussen, 2000

cultivate repeatedly
for stale seedbed
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Buddingh finger weeder

direction of
travel

Source: Phil Sarver



Flame-weeder with tent shields to concentrate heat

Source: Adam Davis



Left: band-steamer. Right: sugar beets
emerging in row cleaned by pre-emergence
band-steaming.

Source: Bo Melander
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weed seeds: O O O O O O

crop yield loss:

Williams et al. 2008



Integrated weed management
Is an investment

Economic submodel

lost crop
revenue
AR
Demographic sub-model
seeds > small > large
seedlings seedlings
ScuIt
Ss(l_g) ..............................
mature )
plants |
*
f SprEd Shand

Liebman and Davis (2009)



Hand weeding intra-row weeds:

200-500 hours per hectare in carrot and direct sown ohnhion and
leek '

Melander and Rasmussen, 2001



Cost ($/ha) in 5th yr

500,

450

400

350

300

N
(&)
o

200

150

100

50

. CRETTITEITER Seedbank decline

% L L L L L L
—— Physical control efficacy

o | mm—— Handweeding efficacy

2 - Seed predation

@ -base value in model

= realistic parameter range

r r r

r r r
0.4 0.5 0.6
Lower level parameter x

0.1 0.2 0.3

Liebman and Davis (2009)



The most important weed
management tool on your farm




Thoughttul weed management

 Weed community
* biology of dominant species
 spatial distribution on farm, population densities

* How are weeds defeating current mgt. system?
* emergence timing
* resistance
e overwhelming seedbank
* competition

* What individual tools have an effect on problem weeds?

* How can these tools be combined, and varied over time,
to be effective for years to come?

e Use cultivation to tune, not drive, weed management system
* De-emphasize ‘big-hammer’ approaches

* Pay attention, and adjust strategy: adaptive
management



