EFFECTIVE DODDER CONTROL
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Dodder (Cuscutta spp.), a parasltic weed, Is a serlous problem In
Cailfornla (forage and seed alfalfa flelds. Alfalfa parasitized by dodder
grows less |vigorously and Is often weakened to the extent that the pltant
dies. Thys, a severe dodder Infestation can reduce stand, cause
Improperly |cured hay, and lower forage and seed ylelds. A thorough review
of dodder qnd Its adverse effects have been documented elsewhere (1,10).

Dodder Is wjildespread In Californla, occurring in twenty six of the alfalfa
producling dounties of the state (10). Historically, growers have relied
primarily gn postattachment applications of dinoseb or burning for dodder
control (10). These control measures are costly, time consumling, and to a
large degrpe Ineffective. Greenhouse studies, and more recently fleld
trials, have shown that trifluralin effectively controls dodder (6,8,10).
As a result of these fleld observations, an organlized statewlde research
program was| planned and executed by the authors with these objJectives: 1)
to augment lour understanding of dodder blology In different alfalfa pro-
duction reglons of Californla, 2) to evaluate the effectiveness of tri-
fluralln and other dinitroani|ine herblcides, and 3) to determline the

proper app|lication rates and time(s) to maximize the length of dodder
control.

Materials and Methods

Fleld Bilology Observatlons. The time of dodder emergence and flower
Initlation were studled In commerclal alfalfa flelds throughout the state.
The seasonal attachment of dodder was Investigated In the Small Piot Study
referred to below. Dodder was considered attached when the haustoria

penetrated the alfalfa stem and the dodder turned deep yel |ow-orange and
thickened (photograph d).

Large Fleld-Scale Studles. Research trials were established In the high
desert, San Joaquin Valley, Sacramento Valley, and In the Northeastern
Mountalin Reglon (Lancaster, Madera, Tracy, and Janesville , respectively).
The trlals were conducted In production alfalfa flelds with a known
history of severe dodder, Trifluralin (Treflan TR-10) was evaluated at
all test slitfes. |t was applied in the Madera and Janesville trials with a
Valmar Alrflo granular applicator and a Gandy Alr-Spred granular
appllcator| In the Lancaster and Tracy experiments. Trifluralin was

applled prilor to dodder emergence and Incorporated with rainfall or
frrigation water within three days at al| tocations. Unless otherwlse
noted, the|experimental design for all trilals was a randomlzed complete

block with [four replications, Largeseed dodder (Cuscuta Indecora) was the
specles present In the Lancaster, Madera, and Tracy trlals. Smallseed
dodder (C, approximata) and fleid dodder (C. pentagona) were present in

the Janesville study. Speclflic Information regarding each of the trlails
Ils as follows:

Lancaster: Two triails were conducted with plot the slzes width of the
border strips (40 and 25 f+t) by 315 and 220 ft, respectively.
Trifluralln was appllied at 2 and 4 Ib/A (pounds active lingredient per
acre) In March, the same rates after first cutting in May, and as split
appllcations of 2+2. The spllit applications included an Initial appl |-
catlon Ip March followed by an appllication after first cutting (May), a
March application followed by an application after second cutting

1/ Farm Advisors, UC Cooperative Extension, Los Angeles, San Joaquin,
Lassen, Madera Countles, and speclallst, UC Riverside.



(June), ‘and an application after first and second cuttings. Dodder
control was evaluated after each cutting and percent control was cal-
culated based on counts of dodder colonles.

Madera: Each plot was the slze of the border strips (52 by 1300 ft.).
Treatments for the study conslsted of 2, 4, 6, 2+2, and 3+3 Ibs. al/A.
The initial applicatlion was made on 1/27/86 and the second application
on 4/16/86 (after first cutting) for the treatments recelving a split

appl lcation. Dodder control was evaluated five times throughout the
season,

Icacy: Nonreplicated strip trial plots, 100 by 300 ft., were
treated leaving 50 ft wide strips adjacent to the plots untreated as
the control. The treatments evaluated were 2 and 4 ibs/A applled In
February (2/27/86), compared fo 2 and 4 Ibs applled after first cutting
(4/24/86). Split appilications of 2+2 Ibs, applications In February and
after first cutting, and February and after second cutting (5/27/86),
were made. A multiple application of 2 Ibs In February fol lowed by
another 2 after first cutting and agalin after second cutting (a total
of 6 Ibs/A) was also Included. Percent dodder control, based on actual
counts, was recorded four times during the season.

Janesyllle: Treatments consisting of 2 Ibs/A of triflurallin and 4
Ibs/A of chliorpropham (Furloe) were applied In an alfalfa seed fleld to

plots 13.3 ft+ (4 rows) by 1/4 mlile, Evaluations were made 49 and 106
days after treatment.

The results of these trials and a 985 trla are compiled and summarized
in Table 4.

Dinitroaniline (DNA) Comparison Study (Lancaster):

Trifluralln, pendimethallin (Prowl), and prodiamine (Endurance) were
appllied at 2, 4, and a split application of 2+2 Ibs/A In an alfalfa hay
field known to be heavily infested with dodder. Plots were 25 by 25 ft
with a three ft+ al leyway surrounding each plot to prevent dodder from
growing Into adjacent plots. Applications were made on 3/9/86 and
5/22/86. Dodder control, based on actual counts, was calculated after
each alfalfa harvest.

DNA Resldual Herbicidal Activity (Small Plot Study. Lancaster):

The procedure used in this trial was similar to that employed by Dawson
(5). Alfalfa plots 3 by 6 ft+ were overseeded with 175 I1bs/A of dodder
seed. Seeds were |ightly covered with soll uslng a hand rake, Trifluralln,
pendimethalin, and prodiamine were appliied at three rates (2, 4, and 6
Ibs/A) on 3/6/86. Dodder control was evaluated by counting and removing
attached seediings at weekly Intervals. After dodder emergence had nearly
ceased In June, half of each plot was reseeded with an additional 175 1bs
of dodder seed per acre to evaluate the reslidual dodder control wlith the
herblicides tested.

Results and Discussion
Field Biology

Dodder emergence began in March in the central and southern areas of

Callifornia, whlie emergence started In late May In northeastern Callfornia
(Table 1.).

Table 1. Date of Initial dodder emergence In the spring of 1986

Locatlion (County) Date
Lancaster ( Los Angeles March 20
Madera (Madera) March 7
Tracy (San Joaquin) March 16

Janesville (Lassen) May 20-June



These observations are In agreement with the resutlts of Hutchison and
Ashton (9), where for six successive vyears the first dodder seedl Ings
emerged between March 8th and March 22nd In Davis, Callfornia. Initlal
dodder emergence In cooler climates, such as Washington and Utah (2,4),

was slightly later. This would be in accord with the Janesvilie site in
Northern Callfornta.

The seasonal pattern of dodder attachment was monitored In the smal | plot
study mentloned above, Al though not a direct measurement of dodder
emergence, counts of attached dodder do give an Indication of the period
of dodder emergence. Under favorable conditlons, approximately one week
elapses between dodder emergence and attachment (7). After an Initlal
heavy flush of dodder emergence and attachment In the spring, the number
of attached dodder dec!ined as the season progressed (Figure 1). Similar
trends were also observed In several other studies (2,4,9). Seventy elght
percent of the fotal attached dodder plants resulted during Apri| and May.
Subsequent dodder emergence occurred following each irrigation, but the
quantlity never equaled the magnitude of the first spring flush.

Flgure 1. Seasonal distribution of attached dodder seed!ings.
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This large percentage of dodder emergence In the spring Is due to winter
conditions preparling the dodder seeds for germinatlion. Then, when
temperature and molisture are sultable for dodder germination In the
spring, there Is thls large flush of dodder emergence. As hard seeds are

continuously germinating, dodder emergence continues throughout the season
but at a significantly lower levei.



The time of flower Inltiation was also observed (Table 2). The date was

remarkab | similar for the different areas of the state. This aspect of
dodder biojlogy Is particularly important for contact control practices, as
will be explalned later In this report.

Table 2. Date of flower Inltiation in 1986.

Location Date

Lancaster (Los Angeles) June 11
Madera (Madera) June 2
Tracy (San Joaquin) June 11

Preemergence Dodder Control

Noticably fewer dodder seed|l Ings emerged iIn the treated plots. These
results are In accord with Dawson's data (6), where trifluralin reduced
dodder emergence and signiflcantly reduced attachment. The dodder
seed| ings |that did emerge did not elongate normally and were approximately
half the 1length of dodder In the untreated plots (Table 3).
Dinitroani|l ine herbicides Inhibit mitotic cell division which explalins the
reduced elongation of dodder In the treated plots.

Table 3. The effect of dinitroan ne herbicides on dodder seedl ng
growth.
Rate FPercent

Treatment Ib/A Length {(mm) Reduction
Trifluratin 2 15 46

4 13 54

6 11 61
Pendimethalin 2 10 64

4 12 57

6 1 61
Prodiamine 2 12 57

4 12 57

6 11 61
Cheﬁk 0 28 0
L.SJ0. .05 3 1
S. Orloff and D. Cudney

Early-sea#on dodder control with trifluralin was excellent In all +riails
where the herblclde was appllied In late winter to early spring, prlor to
dodder emergence. Evaluations taken approxlimately 3 months after treat-
ment showed an average of nearly 93 percent control for the 2 Ib/A rate
(Tabie 4)., The 4 Ib rate and the spil+ application provided 98.6 and 96.4
percent cagntrol, respectively. Four to five months after appllicatlion, the
2 Ib/A rate declined to 78.8 percent control, whereas, the 4 and 2+2 |b
treatmentg stili provided approximately 90 percent control. Dodder con-
trol 5.5 to 6.5 months after application was no longer commerclally
acceptab In four out of the seven trlals.



Table 4. Tummary of dodder control results from 985 and 986 |arge
plot trilals.

Rate Days After Treatment
Treatmen Ibs/A (90-109) (120-150) (169-197)
Trifilurall 2 92.7 78.8 51.8
(Range) (81-99) (58-99) (30-90)
4 98.6 90.8 61.2
(96-100) 84-99) (30-92)
2+ 2 96.4 89.8 66.8
(89-100) (81-99) (22-99)

5 to 7 Trials.
» D. Cudney, S. Orloff, J. Schmierer, R. Vargas

Average of
M. Canevar

Two reasons may be postulated for the low level of dodder control at the
end of the season. The residual concentration of trifluralin In the soll
most likely had deciined to a level that was no longer lethal to the
dodder seedllIngs. Secondly, dodder plants that have not been control |ed
tfor the duration of the season are apt to be extremely large by mid to
late summer. A high percentage of individual dodder plants may have been
control {ed. However, due to the rapid growth rate of dodder It 1Is
Imposslible to determine If an extensive mat of dodder developed from
numerous pf{ants or an Individual dodder seedling. The observed wide range
In percent| contro! at the last evaluation date (l.e. 22-99) could be due
to different dodder Infestation levels at the test sites. Percent control
of lndlvldmal dodder plants was most Ilkely similar, but by late season in
flelds with a very heavy dodder Infestatlon, the control appeared to be
less becau?e the escaped dodder plants had expanded and sometimes coalesed

In areas with a relatlively short growing season, such as Janesville (110
frost-fred days), a single 2 Ib/A appllcation appears to be sufficlent.
At the end of the season, a single 2 Ib applicatlion of trifluralin was
still providing 95 percent control, whereas a 4 Ib/A chlorpropham
application resulted In only 37 percent control.

Poor dodder control occurred when the flrst application of trifluralln was
made after| first cutting (Figure 2). Bayer et al. (3), working with DCPA,
also found that May appilcations In the high desert dl!d not provide
satisfactory dodder control. These late herblclide applications did not
control the early-emerging dodder and, as Is shown In Flgure 1, the early
spring flush of dodder Is of greatest consequence. Some Injury to
attached dodder was noted, short and thickened shoots, but this Injury did
not constitute acceptable control.

Split appllcations of trifluralln were found to extend the period of
dodder conftrol (Figure 3). A split application of 2+2 was significantly
superlor to a singte 2 |b application. Dodder controi with a spilit
appl fcation was simllar toasingle 4 Ibrateunti| the end of the season,
when the spl it application was slightly more effective.

Proper herblicide application timing of the split application was found to
be Important (Figure 4). Simllar to a single late application, a spllit
application after first and second cutting was Ineffectlive. A split
appllicatio In March and after first cutting gave better dodder control
than a split application in March and after second cutting. This relates

back to the seasonal pattern of dodder attachment (Figure 1), A high
enough con

entration of frifluralin to be lethal to emerging dodder seed-
lings mus

be present In the soll during the period of maximum dodder



Figure 2, Influence of application time on dodder control
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Figure 3. | Comparison of single versus spllt applications
of trifluralin for dodder control.
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emergence. |If the second appllication of a split application Is too late
In the season (after second cutting), the concentration of trifluralin can

drop below that fethal level and newly-emerging dodder seedlings can
survive,

Flgure 4. Dodder control with trifluralin at dlfferent
application intervals.,
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Trifiuralin, pendimethalin, and prodlamine differed In the length of
control they provided (Table 5). Attached dodder plants were cut off and
removed so each rating reflects the residual control for that two month
period and Is not Influenced by the dodder plants that were previously
attached. Initially, all of the herbicides provided better than 95 per-
cent control. However, by late-summer, control from the |ower rates of
trifluralln and pendimethalin diminished to a commercial ly unacceptable
level. These resuits can be misleading. Control had lessened, but since
most of the dodder emerges In the early spring, total dodder control for

the season was good. Prodiamine, at al | rates, provided full-season
dodder control.



Table 5. Reslidual dodder control from three dinitroani!ine herbicldes.

e__Percent Confrol'/

Rate

Treatment i Aprl]-May June-July August-Sept.

Trifluralin 2 96 76 40
4 100 77 65
6 98 88 80

PendIimethal in 2 98 70 47
4 99 73 55
6 99 90 58

Prodiamine 2 100 84 80
4 99 92 89
6 98 93 97

177+ Pt

Percent control was calculated using the total number of attached
dodder plants In the four replications of the untreated control plots.
For each time perlod the total was: April-May, 255; June-Juiy, 114; and
Aug-Sept,67.

S. Orloff and D, Cudney

Similar results were encountered in a larger plot trilal (Table 6). Again,
all herbicldes provided outstanding early-season dodder control. In this
study, pendimethalin was found to be slightly more effective than
trifluralln and prodiamine was stil| more persistent, providing full-
season dodder control. These results agree with the data of Dawsonl/.

With all herblcides the length of dodder control was extended with a split
application.

Table 6. Residual dodder control from single versus split applications of

dinitroaniline herblcides.
Percent Control
Rate
Treatment Ibs/A 5/22 6/20 8/8 9/10
Triflurallin 2 95 98 72 30
4 99 99 85 30
2 + 2 96 98 87 45
Pendimethalin 2 100 100 83 22
4 100 100 93 67
2 + 2 100 100 93 65
Prodiamine 2 100 100 95 80
4 100 100 97 79
2 + 2 100 100 99 94
Check 0 0 0 0
L.S.D. .05 24 19 24 25
S. Orloff and D. Cudney
1/ Personal communication (unpublished data) 1986. Irrigated Ag. Center,

Prosser, WA,



Post-Attachment Dodder Control

These regults Indicate that regardliess of the rate or dinltroaniline
herbicide| used, complete 100 percent dodder control Is highly unliikely.
Spot treatment will stll| be necessary to control the surviving dodder
plants. ' Dodder plants should be treated prior to bloom (Table 2) to
prevent rpplenishment of the soll reserves of dodder seed.

A trial wWas conducted In Lancaster to compare the effectlveness and cost
of common|ly used post-attachment dodder control practices. The effect of
these practices on growth characteristics and yleld of alfalfa was also
studled. | Twelve patches of dodder were burned with a propane fueled
burner and another 12 patches were treated with dinoseb. Measurements
were takén from each of the treated areas and from a corresponding
untreated area adjacent to each plot. Dodder was controlled with both
*reafmenfs, providing a large enough area was treated. The results are

presented In Table 7. They reflect the combined effect of the contact
control treatment and dodder parasltism of alfal fa.
Table 7. The effect of post-attachment dodder contro treatments on
alfalfa growth and yleld.
Piant Helght (cm)
DAT Yield 2
Treatmen 12 27 Stems/ft2 Stems/Crown Tons/A Stand/m
Dinoseb 21.8 53.0 24,4 11.1 1.01 25
Burning 12.0 48.7 21.7 9.4 0.88 23
Untreated 42.5 65.8 43.8 13.2 2.11 37
S. Orloff and D. Cudney T TTTTTTTTTTTT

In the areas where a contact dodder
The burned areas recovered more slowly. Aft
there were stll| differences In helght but fhg
less dramatic. Likewise, the number of stems per f+t

and the number of stems per alfalfa crown were reduced. Burned areas had
the fewest stems per plant, Implying that perhaps In the burning operation
more of the regrowth buds are damaged. Yield, the cutting after
treatment, was less than half that of the untreated areas. Not only was
the yleld In the subsequent cutting reduced, but future harvests will also
be reduced, as the stand declined approximately 35 percent by post-
attachment dodder control practices.

The alfalfa was significantly shorter
control Jreafmenf was used.

the time of harvest,
differences were far

To calculate the cost of contact dodder control
In alter
with din

treatments, dodder patches
ating border strips of an alfalfa field were burned or treated
seb. The area of each treated patch (total of 145 patches) was

calculated and It was determined that the average slize dodder patch after
third cutting was 110 f+2 or approximately 10 ft2, Sample costs to spot
treat dodder are gliven in Table 8,
Table 8. Sample costs to spot treat dodder in 1986.
($) Cost/Dodder Colonyl/
Casw Costs Dinoseb Burning
abor ($5.00/hr) 1.8 min, .15 4.7 min, .39
aterial ($12.00/1b al) .26 $.75/9gal. .38
leld loss (3$80/Ton) 1.1 ton .22 1.23 ton .25
Tyfjl Cost .63 1.02
Average size colony considered to be 110 f+2,
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A dodder seedling emerges as an arch (a),
In search of any etongated object
around that object (c). If that obJect Is a

then straightens out and rotates
It then wraps counterclockwise
suitable host plant,

haustoria (suckers) penetrate the plant and dodder shoots are Initlated

(d). Dodder seedlings are extremely small

the fleld

has penetrated the al fal fa,
'Hr,

g
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Dodder stems develop rapidly forming

a dense tangled mat that supresses
and even kills the alfalfa.

and Inconspicuous and unless

Is carefully scrutenized dodder emergence can occur unnotlced.
Dinttroanilines must be applled prior to dodder emergence.

Once dodder

nothing short of killing the alfalfa below the
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Dinitroaniline herbiclidescontrol
both dodder (lower left) and
summer grasses (right).



