Weed Management in
Walnut Production
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Wiy Control Weeads?




Wiy Control Weeads?

direct competition



N Hstaay -

NS L

R o . "
< i - PN e -
= - Y WL s e 2 S A ey
$ S AN Ty A S
-y 5 - s - i - i 3
o GRS - E
~ -

Caa 74
- (== - P . -
o = L\..\
N P~ je . i
S P I

Y AT < ¥



Wiy Control Weeads?

physical disruption’ of lirHgation
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Wiy Control Weeads?

frost protection
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Wiy Control Weeads?

Ao GLAEN PESTS






Wiy Control Weeads?

ease and guality: ofi han/est



AnnualiWeeds

GleSSWeEEas Broziclleeif Weleels
annuall bluegrass cheeseweed-malva
Parnyardgleass groundsel

|arge crangreass mustards

fiall panicum NOrseweead

wild bariey pPIGWEEdS

wild eat filaree

WiItchgrass lamisguarter

annual nyegrass pursiane



Perennial Weeds

PEermudagrass
curly deck
dallisgiass
dandelion

field bindweed

JONNSeRgrass
AUtsedge






Basic Methods ofi Weed
Control

CUlttaifandsviechanical

Chemical



Basic Methods ofi Weed

Control
Cultural and Mechanical
Pisking
Elaming

Mulching (SynRthetic or erganic)
IHana eeng
Covercrop + Mowing



Disking

AGVantages

A6 WEed resistance
AeR-chemical

clean at har/est
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Disking

PISac\Vanieages
INJUKRY te) tree
dUSt
compaction












Elaming

AGVantages
MO FesIStance
e residue
AR chemical’
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Elaming

AdVantages PisadVvaniages

A0 resistance ming Impoertant

A0 residue (Seasen and size)
ReR chemical’ Aot Aas goea on grass

COSL
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Mulchimg

AGdVantages

A0 resistance
can last for years
[etaln mojsture
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Mulchimg

Advantages Pisadvantage

A0 IEsSiStance Can MarelF PEstS
CANESTGIREANS cost

Retain moisture 2 :
difficulties at harvest

flaVoers) perennials
Incensistent control






Hand Hoeeing

Advantage

Excellent control
No weed resistance
Non-chemical






Hand Hoeeing

AdVantage Pisadvantage
EXCEllEnt conbio) Cost
No weed resistance Time

Nen=cnemical  Availability of
Lalnor



Covercrep + Mowing

lRcreased water penetration
competitien Withrweeds
elichald access; I wWinter
may. Increase heneficials
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Covercrep + Mowing

_  Disadvantages
ICreESEdNVALEINENELRILIEN i
COMPEVHERANVILINYEEES favo IS IOW_g O] ng

orchard access

in winter and perennial weeds

PERETcIals
leaves; stmimer
annuals at harvest
COmMpeEtition I growing
near trees






Question: When Is; a Weea
Aot a WEEad?






Basic Methods ofi Weed
Control

Culturall and Viechanical

Chemical



Chemical Methods

total herbicide treatments

chemicall moewing

strip treatment



Herbicides registered for use
I Walnuits

Pre-emergence

norfilrazon enyzalin
SImizine pendimethalin
napropamide trifitralin
exyilurefien ditiren
fitmIexazin rimsulfuron

thiazepyr prenamide



[Herbiciades registered for use

in Walnuts
POSIEMENQGENCE
MISMVA halesulftren
glufosinate glyphosate
2,4-D Palfaguet
ikt Sethexydim
clethoedim
carfentrazone

nuarzfop



Chemical Control

Advantages

m Cost (I SomE cases)
s Consistent: results

m Ease off Application

m Erest Pretection

m Easy on tree roots






Chemical Control

Pisadvantages

m Cost (1R seme Cases)
m Possible dhit damage
m Papemnverk

m Res|stance




Herbicide Resistance

e nhertearanility, of a plant te
SUrvive andirepreduce fellowing
exposure to a dese: of herpicide that
wouldinermally: e lethal te: the wild
Lype”

from Prather, DiTomaso and Holt UCANR PUBLICATION #8012



Weeds with some Tolerance to

Glyphosate

Annuals Perennials
Green fiextail Curly: Deck
Annuial moerningglery Bermudagrass
Ellaree Dandelien
Knotweed Cheeseweed
Stinging nettie Eield Bindweed
IHorseweea Nutsedges
Cackiebur Buckhormn plantain
Puncturevine
Clevers
\VVetch

Bristly’ oxtongue
Turkey Mullen



Herbicide Resistance

[T Veul have Been spraying the same Weeds Wwiith
the same hernicide for several years and have
PEEn getting geod contrelfand then you Beagin
10 SEE! ESCAPES -



Herbicide Resistance

[fTVyoul have Been spraying the same Weeds Wwiith
the same hernicide for several years and have
PEeen getting geod contreliand then you Beagin
10 SEE! ESCAPES -

You may have the beginning of
resistance!
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Normal sensitive population


Presenter
Presentation Notes
This animation (use the viewer) illustrated the development of resistance in a field situation by use of one herbicide continually. The first stage is a sensitive field. As was explained earlier, there may be one or two individuals in a normal population which are resistant to a particular herbicide (red). These individuals are usually at a very low frequency and are not noticed in a field situation. 




Population still appears sensitive - High level of control


Presenter
Presentation Notes
When the herbicide is sprayed all the sensitive weeds die but the resistant individual survives and sets seed. 

However control still is very high and there are no problems apparent yet.
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Presenter
Presentation Notes
The survivor sets seed and a few more resistant plants appear in the population

These are then sprayed with the same herbicide as last year


Population still appears sensitive - High level of control


Presenter
Presentation Notes
Almost all weeds are controlled except the few resistant plants

The farmer may be unconcerned as these plants could be from a spray miss or a late germination and as control is still very high he takes no further action.
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Presenter
Presentation Notes
The survivors again set seed and now some of the seed is spread around by the combine harvester or cultivations

This is sprayed with the same herbicide again (as it has worked well for many years and why should I change!)


Level of control declining - first suspicion of problems


Presenter
Presentation Notes
Now the control is clearly not as good as it has been in previous years and the farmer starts to get concerned

But he does not see the problem until the weeds have set seed (and stick out of the top of the crop) and does nothing to control the escapes
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Majority of population resistant



Presenter
Presentation Notes
Now most of the population is resistant and other control measures are required to give weed control

These other measures usually are more expensive, may be less effective and are usually much less convenient!


Weed characteristics that lead
to herbicide resistance:

ARnual grewiin alit



Weed characteristics that lead
to herbicide resistance:

IHIgh seedl production



Weed characteristics that lead
to herbicide resistance:

Rapid turnoever off seed vank (little
dermancy)



Weed characteristics that lead
to herbicide resistance:

Several generatons per Seasen



Weed characteristics that lead
to herbicide resistance:

Extrreme susceptinility, tera particular
erbicide



Weed characteristics that lead
to herbicide resistance:

IHIgh freguency. of resistant gene

DiTomaso 2000 UC Davis Weed Science School
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" Classification According to MOA

Inhibition of acetyl CoA carboxylase (ACCase)
Inhibition of ALS (acetolactate synthase)
Inhibition of photosynthesis at photosystem Il (Triazines)

Inhibition of photosynthesis at photosystem Il (Ureas)
Inhibition of photosynthesis at photosystem Il (Nitriles)

Photosystem-I-electron diversion
Inhibition of (PPO) protoporphyrinogen oxidase
Bleaching: Inhibition of carotenoid biosynthesis at the PDS

Bleaching: Inhibition of 4-hydroxyphenyl-pyruvate-dioxygenase
Bleaching: Inhibition of carotenoid biosynthesis (unknown target)

Inhibition of EPSP synthase

Inhibition of glutamine synthetase
Inhibition of DHP (dihydropteroate) synthase
Microtubule assembly inhibition

Inhibition of mitosis
Inhibition of cell division

Inhibition of cell wall (cellulose) synthesis
Uncoupling (Membrane disruption)

Inhibition of lipid synthesis - not ACCase inhibition
Synthetic auxins (action like indoleacetic acid)
Inhibition of indoleacetic acid action

Unknown

From Herbicide Resistance Action Committee



Presenter
Presentation Notes
The herbicide resistance action committee has made a global classification of mode of action types.

These 22 groups are given a letter to indicate the different modes of action.

Some Modes of action are given the same letter but have a subscript number. This indicates similar symptoms but each group acts at a different enzyme (target site) and from a resistance point of view are considered completely different groups.


Herbicide resistant weeds In

Califernia
Group A Group O
[Eate wWatergreass SIMOoLN crabgrass
Bamyardgrass
Early wategrass GroupiN
LLittle;seeadicanalry/ Wild oat

[_atewaterngrass

Group B Balmnyanagrass

Perennialii/egrass
Smalliflewerumrella sedge
Califeimia arrewiead
Redstem

Ricefield bulrush
|_ong-leaved loosestriife
Russian thistle

Early Walegrass

Group G
RIgId 1/egrass
IHerseweed

Hairy fleabane
Junglerice



" Classification According to MOA

Inhibition of acetyl CoA carboxylase (ACCase)
Inhibition of ALS (acetolactate synthase)
Inhibition of photosynthesis at photosystem Il (Triazines)

Inhibition of photosynthesis at photosystem Il (Ureas)
Inhibition of photosynthesis at photosystem Il (Nitriles)

Photosystem-I-electron diversion
Inhibition of (PPO) protoporphyrinogen oxidase
Bleaching: Inhibition of carotenoid biosynthesis at the PDS

Bleaching: Inhibition of 4-hydroxyphenyl-pyruvate-dioxygenase
Bleaching: Inhibition of carotenoid biosynthesis (unknown target)
Inhibition of EPSP synthase

Inhibition of glutamine synthetase

Inhibition of DHP (dihydropteroate) synthase
Microtubule assembly inhibition

Inhibition of mitosis
Inhibition of cell division

Inhibition of cell wall (cellulose) synthesis
Uncoupling (Membrane disruption)

Inhibition of lipid synthesis - not ACCase inhibition
Synthetic auxins (action like indoleacetic acid)
Inhibition of indoleacetic acid action

Unknown

From Herbicide Resistance Action Committee



Presenter
Presentation Notes
The herbicide resistance action committee has made a global classification of mode of action types.

These 22 groups are given a letter to indicate the different modes of action.

Some Modes of action are given the same letter but have a subscript number. This indicates similar symptoms but each group acts at a different enzyme (target site) and from a resistance point of view are considered completely different groups.


Glyphosate resistant weeds In
Califermia

RIgId RVegrass (ILolitn raicdim)
IHorSEWEEd (Conyza canadensis)

IHalry Elealnane (Conyza lhenarensis)
Junglerice (Echinochlea colena)



Glyphosate resistant weeds In
Califermia

RigId Ryegrass (ILolitim [giaum)
IHeKrseweed (Conyza canadensis)
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Ryegrass Control

nttp://wric.ucdavis.edu/

Herbicide T rade Name Control LLevel
ALACHLOR LASSO C
BROMACIL HYVAR C
CLETHODIM PRISM, SELLECT C
DIURON KARMEX C
FLUAZIFOP FUSILADE C
GLYPHOSATE ROUNDUP, TOUCHDOWN C
HEXAZINONE VELPAR, PRONONE C
IMAZAMOX RAPTOR C
IMAZAPYR ARSENAL, STALKER C
METHAM VVAPAM, METAM C
METOLACHLOR DUAL MAGNUM C
NAPROPAMIDE DEVRINOL C
NORFLURAZON SOLICAM C
ORYZALIN SURFLAN C
PENDIMETHALIN PROWIC C
RIMSULFURON MATRIX C
SETHOXYDIM POAST C
TRIFLURALIN TREFLAN C



Ryegrass Control i Walnuits

Herbicide T rade Name Control lLevel
CLETHODIM PRISM, SELECT (NB) C
DIURGN KARMEX C
FLUAZIFOP FUSILADE  (NB) C
GLYPHOSATE ROUNDUP; TOUCHDOWN C
NAPROPAMIDE DEVRINOL C
NORFLURAZON SOLICAM C
ORYZALIN SURFLAN C
PENDIMETHALIN PROM/I_ C
RIMSULFURON MATRIX C
SETHOXYDIM POAST C
TRIFEURALIN TREFLAN C



Controel of Ryegrass in Almends
1 month after treatment

100- [JRoundup 1.51b
[1Roundup + Poast .375 |b
ey O Poast .375 Ib
8’80— oast .375
o B Roundup+Poast+Surflan 4 |b
E 707 (] Poast + Surflan
9 60- B Roundup + Poast + Princep 2 Ib
0 5011 (J Poast + Princep
g 40471 | B Roundup + Chateau 50z
830‘/_ [JUntreated
D>:~20_/— B LSD .05
1017 |
04— |




Contrel of Ryegrass in Almends
1 moenth after treatmeni

100- [JRoundup 1.51b
—~90- [JRoundup + Poast + Chateau
8\’80— O Gramoxone 1 1b
= 20- B Gramoxone + Surflan
= 60 [JGramoxone + Poast + Surflan
S 60-
© 2 B Gramoxone + Princep
7)) 50_
% 4011 [J Gramoxone + Poast + Princep
05;30_/_ [J Untreated
Q?ZO = W LSD .05
10+ |
0=




Glyphosate Resistant Ryegrass 41 days
_after treatment with Poast + Glyphosate
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Horseweed Control

http://wric.ucdavis.edu/

Herbicide

2., 4-D
BROMOXYNIIL
DICANMBA
EPTIC
FLUMIOXAZIN
GLUFOSINATE
GLYPHOSATE
HEXAZINONE
IMAZARYR
|ISOXABEN
RIMSULFURON
SIMAZINE
THIAZOPYR
TRICLOPYR

Jirade Name

2.4-D

BUCTRIL

BANVEL, VANQUISH
ERPTAM, ERADICANE
VALOR, CHATEAU
FINALE, RELY
ROUNDUR; TOUCHDOWN
VELPAR, PRONONE
ARSENAL, STALKER
GALLERY

MATRIX

PRINCEP

\/ISOR

GARLON, REMEDY

Control Level

OO0 0OO0O0



Horseweed Control

http://wric.ucdavis.edu/

Herbicide
2.4-D

EPTC
ELUMIGXAZIN
GILLUEOSINATE
GLLYPHOSATE

RIMSULEURON
SIMAZINE
THIAZOPYR

Trade Name
2.4-D

EPTAM,

CHATEAU

FINALE, RELY

ROUNDUP’, TOUCHDOWN

MATRIX
PRINCEP
VISOR

Control Level
C

OO OO0

O O O



Horseweed control (%)

90
80
70
60
20
40-
30
20
10+

Horseweed Control

[112 DAT
[122 DAT
0055 DAT

Roundup 0.751b

Roundup + Chateau 0.03 Ib




Horseweed control (%)

90
80
70
60
50
40-
30
20
10+

Horseweed Control

[114 DAT

[156 DAT

Roundup 0.751b

Rely 0.4 Ib
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Case Study-Horseweed

Glyphosate Rate (al) Mortality (%)

5 to 8 leaves 1lb | 21bs| 4 Ibs
Slusceptinle 100 | 100 | 100
Res|stant 0 S0 0]0)

From Shrestha, Hembree and Va, California Agriculture 61(2) 67-70



Case Study-Horseweed

Glyphosate Rate (al) Mortality (%)

11 to 15 leaves | 11b |2 Ibs| 4 Ibs

Slusceptinle 90 | 100 | 100

Resistant 0 20) 80

From Shrestha, Hembree and Va, California Agriculture 61(2) 67-70



Case Study-Horseweed

Glyphosate Rate (al) Mortality (%)

Bolting te 6 inches: | 1 15 | 2 1bs/| 4:115s

SUSceptinie 70 | 100 | 100

Resistant 0) 0) 10

From Shrestha, Hembree and Va, California Agriculture 61(2) 67-70




Case Study-Horseweed

Glyphosate Rate (al) Mortality (%)

6.1to 12 inches| 11lb [21Ibs| 4 Ibs

Slusceptinle 30 | 80 | 100

Res|stant 0 0) 0

From Shrestha, Hembree and Va, California Agriculture 61(2) 67-70






Case Stuady-Horseweea

he mode of resistance by herseweed to
glyphesate appeans: te be through altered
cellular transport and reducead
iransiecation to) the roets and other
glrewing peints. The glyphoesate: s not
deactivated, nex the enzymatic Process
chianged- the glyphoesate: stays Where It IS
sprayed!

From Feng, etal., Weed Science 52:498-505,2004



How to prevent herbicide resistance

e Early detection



How to prevent herbicide resistance

e Rotate herbicide



How to prevent herbicide resistance

e Rotate Crops



How to prevent herbicide resistance

Use Residual herbicides



How to prevent herbicide resistance

* Non-chemical control technigues



How to prevent herbicide resistance

e Clean equipment
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	Weed Management in Walnut Production
	Why Control Weeds?
	Why Control Weeds?
	Slide Number 4
	Why Control Weeds?
	Slide Number 6
	Slide Number 7
	Why Control Weeds?
	Slide Number 9
	Why Control Weeds?
	Slide Number 11
	Why Control Weeds?
	Annual Weeds
	Perennial Weeds
	Slide Number 15
	Basic Methods of Weed Control
	Basic Methods of Weed Control
	Disking�
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Disking�
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Flaming
	Slide Number 28
	Flaming
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Mulching
	Slide Number 34
	Mulching
	Slide Number 36
	Hand Hoeing
	Slide Number 38
	Hand Hoeing
	Covercrop + Mowing
	Slide Number 41
	Covercrop + Mowing
	Slide Number 43
	Question: When is a weed not a weed?�
	Slide Number 45
	Basic Methods of Weed Control
	Chemical Methods�
	Herbicides registered for use in Walnuts��Pre-emergence
	Herbicides registered for use in Walnuts��Postemergence 
	Chemical Control�
	Slide Number 51
	Chemical Control�
	Herbicide Resistance
	Weeds with some Tolerance to Glyphosate
	Herbicide Resistance
	Herbicide Resistance
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Weed characteristics that lead to herbicide resistance:
	Weed characteristics that lead to herbicide resistance:
	Weed characteristics that lead to herbicide resistance:
	Weed characteristics that lead to herbicide resistance:
	Weed characteristics that lead to herbicide resistance:
	Weed characteristics that lead to herbicide resistance:
	Slide Number 71
	Classification According to MOA 
	Herbicide resistant weeds in California
	Classification According to MOA 
	 Glyphosate resistant weeds in California 
	 Glyphosate resistant weeds in California 
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Control of Ryegrass in Almonds�1 month after treatment
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	 Horseweed Control�http://wric.ucdavis.edu/
	 Horseweed Control�http://wric.ucdavis.edu/
	Horseweed Control 
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Case Study-Horseweed
	Case Study-Horseweed
	Case Study-Horseweed
	Case Study-Horseweed
	The root cause of the problem?
	Case Study-Horseweed
	How to prevent herbicide resistance
	How to prevent herbicide resistance
	How to prevent herbicide resistance
	How to prevent herbicide resistance
	How to prevent herbicide resistance
	How to prevent herbicide resistance
	Thank you
	Klonsky Walnuts small acreage.ppt

