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Nonchemical weed management technigues can reduce the
abundance of weeds and reduce the number of herbicide
applications that are necessary

Integrating nonchemical weed management techniques iottlg
way to sustain the efficacy of herbicides
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The Basics of Resistance

A Resistant individuals are naturally
present in the weed population (at
very low frequency)*

Al LILIX AOF GA2Y 2F KSNJI
these naturally resistant individuals

A Resistant individuals pass resistance
to offspring

A Over time, continued application of
herbicide increases the frequency of
resistant individualgn the population




*Key Point: Probabllity of HR individual increases with

weed density!

0As the number of weeds in a field increases, so too
does the chance that at least one of those individuals
will be naturally resistant to a given herbicéde



*Key Point: Probability of HR individual increases with

weed density!

Table 1. Probabilities of occurrence of at least one resistant mutant plant in 30 hectare fields with varying weed densities. Resistance is assumed to be conferred by a
single, nuclear completely dominant or recessive mutation. Values are given for both random mating and 95% selfing weed species.

Probability of occurrence of R plants

Dominant mutation Recessive mutation
Weed .
density Random 95% Random 95%
Mutation rate (per m?) mating selfing mating selfing
1x10° 1 0.45 0.28 ~0 0.24
High 5 l 0.95 0.78 ~0 0.74
50 1.00 1.00 ~0 1.00
500 1.00 1.00 ~0 1.00
1x10°° 1 0.006 0.003 ~0 0.003
5 0.03 0.02 ~0 0.01
Med. 50 0.26 0.15 ~0 0.13
500 0.95 0.81 ~0 0.74
1x1071° 1 0.00006 0.00003 ~0 0.00003
5 0.0003 0.0002 ~0 0.0001
Low 50 0.003 0.002 ~0 0.001
500 0.03 0.02 ~0 0.01

FromJasieniulet al (1996) Weed Science 44:1783
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*Key Point: Probabllity of HR individual increases with

weed density!

Table 1
zl‘éii.(ilty Probability of at least one
Mutation rate (per m?) HR individual (30 ha field)
1107 1 045
5 0.95
500 1.00
1x107® 1 0.006
5 0.03
50 0.26
) 500 0.95
1x 10 1 0.00006 0
5 0] 0,006%
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FromJasieniulet al (1996) Weed Science 44:1783



The challenge

Problem Solution

The larger the weed population, the Reduce the

more likely it is that one or more size of the

Individuals are resistant (based on weed

mutationrate) population
Use non

Herbicides select for herbicide herbicide

resistant individuals management
techniques




The challenge

In short, we need to:

Reduce the size of weed populations
without using herbicides

So that when we do use herbicides, we are treating the
fewest number of individual weeds as possible
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How do we decrease weed abundance without herbicide:

Manipulate disturbance
and germination

Manipulate light
and/or nutrients

Cultural
Control

Physical
Control

Reduce weed

Goal: density

Biological
Control

Chemical
Control

Promote activities of natural
enemies




Target factors that promote weed emergence and survive

Physical Controls Cultural Controls Biological Controls
Manipulate disturbance Manipulate light Promote activities of
and germination and/or nutrients natural enemies
Examples Examples Examples
Tillage Crop seeding Weed seed predation
Cultivation Row spacing Cover crops/allelopathy
Flame weeding Row orientation
Abrasive grits Fertilizer placement
Seed destructors Cover crops
Mulches




Target factors that promote weed emergence and survive

Physical Controls Cultural Controls Biological Controls
Manipulate disturbance Manipulate light Promote activities of
and germination and/or nutrients natural enemies

Example 1: Example 2:
Modified coulter disks Row orientation
and reduced planting

speed Example 3:
Soybean density
Cover crop muich




Example 1: Low disturbance seeding
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Low disturbance seeding suppresses weeds in
no-tillage soyabean
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odified

the standard seeder, prevented the increase of soil

Summar ) : .
y exposure when seeding at high speed. The predomi-
Germination is a key process in the dynamics of weed nant weeds were annual species. Averaged over all
. " . . . . o )
populations. Iq no-tillage syste.ms,. chp seedmg. 18 s.eedu.lg ra_tes_, the new equ1pm§nt led to a 56 /u_reduc S ———————
often found to induce seed germination in the seeding tion in within-row weed density, compared with the coulter disc of the no-tillage seeder used in the experiments.

strip. In this research, experiments to investigate standard seeder. Regardless of seeder type, overall



Slower planting speed and modified coulter reduce
disturbance and weed seedling emergence
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Fig. 6 Weed density (averaged over in-
row and between-row of soyabean) and
weed above-ground biomass as affected
by seeder system and seeder speed. Verti-
cal bars indicate SE. Except for equation
followed by ‘n.s.’, all slopes in equations
are significantly different from zero at
0.05 level. @ = Standard Seeder; A

= Modified Seeder. A and B = Tres Pas-
sos, 2003; C and D = Cruz Alta, 2003; E
and F = Cruz Alta, 2004,

Standard

odified

Fig. 1 Schematic drawings of a standard (A) and a modified (B)
coulter disc of the no-tillage seeder used in the experiments.

Theiserand Bastiaandrf pres$
Weed Research



Slower planting speed and modified coulter reduce
disturbance and weed seedling emergence
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Fig. 1 Schematic drawings of a standard (A) and a modified (B)
coulter disc of the no-tillage seeder used in the experiments.

Theiserand Bastiaandrf pres$
Weed Research



Slower planting speed and modified coulter reduce
disturbance and weed seedling emergence

Standard

Results

A Overall weed density increased with
seeding speed

A Averaged across seeding speeds, modified
coulter diskreducedweed density byp6%

A Modified coulter diskncreasedsoybean
grain yield by12%

Modified

Theiserand Bastiaandrf pres$ Weed Research



Example 2: Light

Weed Seience 2010 58:174-178

BIWSSA

WEED SC JCIETY OF AMERICA

Manipulating Crop Row Orientation to Suppress Weeds and Increase Crop Yield

Catherine P. D. Borger, Abul Hashem, and Shahab Pathan*

Crop rows oriented at a right angle to sunlight direction (i.e., east—west within the winter cropping system in Western
Australia) may suppress weed growth through greater shading of weeds in the interrow spaces. This was investigated in the
districts of Merredin and Beverley, Western Australian (latitudes of 317 and 32°S) from 2002 to 2005 (four trials). Winter
grain crops (wheat, barley, canola, lupines, and field peas) were sown in an east—west or north—south orientation. Within
wheat and barley crops oriented east—west, weed biomass (averaged throughout all wials) was reduced by 51 and 37%, and
grain yield increased by 24 and 26% (compared with crops oriented north—south). This reduction in weed biomass and
increase in crop yield hkelv resulted from the increased light (photosynthetically active radiation) interception by crops
oriented east—west (i.e., llgh[ interception by the crop canopy as opposed to the weed canopy was 28 and 18% greater in
wheat and barley crops oriented east—west, compared with north-south cropq) There was no consistent effect of crop row
orientation in the canola, field pea, and lupine crops. It appears that manipuladon of crop row orientation in wheat and
barley is a useful weed-control technique that has few negative effects on the farming system (i.e., does not cost anything to
1[11plemen[ and is more environmentally friendly than chemical weed control).

Nomenclature: Barley, Hordeum uulgﬂrg L.; canola, Brassica napus L.; field pea, Pisum sativum L.; lupine, Lupinus
angustifolius L.; wheat, Triticum aestivum L.

Key words: Light interception, row orientation, row spacing, weed biomass, grain yield, annual ryegrass, wild radish.

Light availability is an important factor in regulating the
competitive relationship between crops and weeds because
light influences the growth and development of neighboring

plants (Ballare and Casal 2000; Ballare et al. 1990; Ghersa et
'\I ](.)(-)A' Hn[r 1(.)(-)q' pnl|((‘F".‘l||Y At "I 1()(.36\ nl‘r;l‘n F"'Ir[‘f

Borger et al. (2010)Veed Sciencg8:174178

moisture reladons in olive (Olea ewropaea L.) and apple
(Malus domestica Borkh.) orchards and oat (Avena sativa L.)
crops (Connor et al. 2009; Mohler 2001; Palmer 1977, 1989;
Pendleton and Dungan 1958).

ThF‘ F'F‘FF‘{'F ('\‘F rovar nrif-nrnrinn 17ﬂ|'iF'Q Wil’h I‘.‘lril’ll("F‘ f'ln(| wirh



Manipulate crop row orientation to maximize light
Interception by crop canopy

———— EW perpendicular with direction of sun

Ni$ N-Sparallel with direction of sun

Borger et al. (2010)Veed Sciencg8:174178



Higher light interception by crop canopy in\& orientation

Borger et al. (2010)Veed Sciencg8:174178

Table 4. Mean percentage of light* (photosynthetically active radiation)
interception by canopies of bar]cy, wheat, canola, field pea, and ]upinc crops
sown in an east—west or north—south orientation (P = 0.008; LSD = 7.779).

I Light interception
Crop East—wes North—south

%
Barley 76.7 63.2
Wheat 76.5 55.3
Canola 72.6 65.8
Field pea 73.4 67.9
Lupine 61.6 54.4

* Percentage of light interception was measured at noon on a clear day in the
center of the interrow space at the late-flowering stage of the crops. Percentage of
light interception was averaged throughout trial (Beverley 2002, Beverley 2004,
Merredin 2004, and Merredin 2005) and row spacing (23 cm to 60 cm and 18 cm
to 36 cm).



Higher light interception by crop canopy in\& orientation

Borger et al. (2010)Veed Sciencg8:174178

Table 4. Mean percentage of light* (photosynthetically active radiation)
interception by canopies of bar]cy, wheat, canola, field pea, and ]upinc crops
sown in an east—west or north—south orientation (P = 0.008; LSD = 7.779).

I Light interception
Crop East—wes North—south

%

Barley 76.7 63.2
Wheat 76.5 55.3
Canola 72.6 65.8
Field pea 73.4 67.9
Lupine 61.6 54.4

* Percentage of ligh Mean — 72 2% it noon o 61 3% n the
center of the interrow .____ ep-—geofthec . _______geo

light interception was averaged thmughuut trla] (Bcvcr]cy 2002, Bcvcr]cy 2004,
Merredin 2004, and Merredin 2005) and row spacing (23 cm to 60 cm and 18 cm
to 36 cm).



L ower weed abundance Iin-B/ orientation

Borger et al. (2010)Veed Sciencg8:174178

Table 2. Mean weed dry biomass, measured at the flowering stage of barley,
wheat, canola, field pea, and lupine crops sown in an east-west or north—south
orientation in four trials: Beverley 2002, Beverley 2004, Merredin 2004, and
Merredin 2005 (P < 0.001; LSD = 14.52). Mean weed biomass is averaged
Lhr[}ugh[}ut the row spacing (23 to 60 cm and 18 to 36 cm).

Weed biomass

Crop Location Year East—west North—south
gm
Barley Beverley 2002 8 64
2004 114 150
Merredin 2004 69 87
2005 10 19
Wheat Beverley 2002 12 62
2004 . a
Merredin 2004 54 60
2005 8 28
Canola Beverley 2002 2 35
2004 386 282



Reduces weed abundance and increases crop yield

Results
A Compared to NS orientation, light interception in-&

orientation was28 and 18%higherin wheat and barley,

respectively
A Weed biomasseducedby 51 and 37%in these two crops

A Grain yieldncreasedoy 24 and 26%

Borger et al. (2010)Veed Sciencg8:174178



Example 3: Light and/or nutrients

Weed Science 2011 59:238-246

Potential Synergistic Effects of Cereal Rye Biomass and Soybean Planting
Density on Weed Suppression

Matthew R. Ryan, Steven B. Mirsky, David A. Mortensen, John R. Teasdale, and William S. Curran™

Increaqmg crop density is a cultural weed management practice that can compliment the use of cover crops for weed
suppression. In this research, we created a range of cover crop biomass and soybean densities to assess their weed-
suppressive ability alone and in combination. The expenmen[ was conducted in 2008 and 2009 in Maryland and
Pennsylvania using five levels of cereal rye residue, repre‘;en[mg 0, 0.5, 1.0, 1.5, and 2.0 times the ambient level, and five
qovbean densities ranging from 0 to 74 seeds m 2 Weed biomass decreased with i mcreasmg rye residue and weeds were
completely suppressed at levels above 1,500 g m™ 2 Weed biomass also decreased with increasing soybean density in 2 of 4
site—years. We evaluated weed suppression by httmg an exponential decay model of weed biomass as a function of rye
biomass and a hyperbolic model of weed biomass as a function of soybean density at each of the five tactic levels. We
multiplied these individual tactic models and included an interaction term to test for tactic interactions. In two of the four
site-years, the combination of these tactics produced a synergistic interaction that resulted in greater weed suppression than
would be predicted by the efficacy of each tactic alone. Our results indicate that increasing soybean planting rate can
compensate for lower cereal rye biomass levels when these tactics are combined.

Nomenclature: Cereal rye, Secale cereale 1..: : soybean, G chme max (L.) Merr.

Key words: Cover crops, synergism, cultural weed management, organic.

Ryan et al. (201M)Veed Sciencg9:238246



Combined effect of rye residue and soybean seeding den

Photo: Matthew Ryan

Ryan et al. (201M)Veed Sciencg9:238246



