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Executive Summary

The aims of this project are to improve the management of field dodder (Cuscuta
campestris) in major crops of Kazakhstan. Dodder specimens were monitored and
collected in different regions of both countries in order to taxonomically identify those
species which cause damage to crops and develop adequate measures to control
them. In addition, field and laboratory experiments were established in both countries
to investigate the role and efficacy of herbicides in the field dodder control on major
crops and non-agricultural land. In both countries the major dodder species were
identified as field dodder (Cuscuta campestris Yonker) and C. monogyna Vahi. In
order to monitor and characterize more species, the search will continued and more
regions will be included. A unique phenomenon of high degree of natural resistance
to phloem mobile herbicides was discovered by the Israeli group that might influence
the choice of herbicides to be used in the field. The mechanism of this natural
resistance has not yet identified. Similar studies will be performed in Kazakhstan in
order to confirm the giobal nature of the phe.nomenon. Various herbicides were
examined under field conditions in alfalfa, sugar beet, and non-agricultural
conditions. Mechanical control measures were compared to hand {manual) weeding,
but none of them was comparable to the efficacy of manual weeding. Field and
laboratory experiments to optimize the weed management practices will be
conducted in various crops such as safflower. The search for a graduate student

suitable for training in Israel will continue.



Section I.

A) Research Objectives
The general aim is to improve the management of field dodder (Cuscuta campestris)

in major crops of Kazakhstan
Specific aims:
a. To determine which species of Cuscuta are present in Kazakhstan and Israel,
their distribution, preferred host plants and natural enemies.
b. To establish suitable management measures against major species in large
scale field experiments
¢. To develop a manual suitable for farmer's use for identification, distribution,

host selection and selective control of Cuscuta.

B) Research Accomplishments:
The Israeli Report:
Introduction:

Although 12 Cuscuta spp. are described in the Israeli flora (Feinbrun and Danin
(1991) Analytical Flora of Eretz Israel, 1040 pp. CANA Publishing House, Lid.
Jerusalem, israel), our survey conducted throughout the country revealed only two

species: Cuscuta campestris - the major one that infests numerous annual and
perennial weeds and crops and C. monogyna which parasitized trees in the northem

part of the country.

In the course of our studies on the response of field dodder to herbicides we
developed a new technique - 'seed bioassay in sand in a Petri dish’ which enabled us
to examine the response of the parasite without being associated with a host plant.
The method is described in details in the paper published recently in. Weed
Research (2003) 43: 341-347 (see attached).

In addition, a new phenomenon regarding the response of dodder to glyphosate and
other herbicides that inhibit the biosynthesis of amino acid (AABIl) has been
discovered and reported in the above mention paper: C. campestris was found to be
much more resistant to all AABI herbicides tested. The is, value of C. campestris
growth inhibition by glyphosate was eightfold higher than that of transgenic,
glyphosate-resistant cotton (RR-cotton). The Isy value for C. campestris shoot growth
inhibition by sulfometuron was above 500 puM, whereas that of sorghum roots was
only 0.004 uM.
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Summary

The response of Cuscuta campesiris Yuncker, a non-
specific above-ground holoparasite, to amino acid bio-
synthesis inhibitor (AABI) herbicides, was compared
with other resistant and sensitive plants in dose-
response assays carried out in Petri dishes. Cuscuta
campestris was found 1o be much more resistant to all
AABI herhicides tested. The sy value of C. campestris
growth inhibition by giyphosate was eightfold higher
than that of transgenic, glyphosate-resistant cotton
{RR-cotton). The Is, value for C. campestris shoot
growth inhibition by sulfometuron was above 300 M.
whereas that of sorghum roots was only 0.004 uM.
Cuscuta campestris exposed to glyphosate gradually
accumulated shikimate, confirming herbicide penetra-
tion into the parasite and interaction with an active form

of the target enzymez of the herbicide. S-epolpyruvyls-
hikimate-3-phosphate synthase. More than half of the
C. campestris plants associated with transgenic. glypho-
sate-resistant sugarbeet (RR-sugarbeet) treated with
glyphosale or with transgenic. sulfometuron-resistant
tomato {SuR-tomato) treated with sulfometuron recov-
ered and resumed regular growth 0-30 days after
treatment. New healthy stems developed. foliowed
by normal flowering and seed setting. The results of
the current study demonstrate the unique capacity of
C. campestris to tolerate high rates of AABI. The
mechanism of this phenomenon is ¥et 1o be elucidated.

Keywords: Cuscuta campestris. EPSPS. acetolactate
synthase, transgenic crops. sulfometuron, glvphosate.
herbicide tolerance.

Introduction

Cuscuta campestris Yuncker (field dodder). a member of
the Convolvulaceac family, is a non-specific above-
ground holoparasite, and as such is totally dependent on
its host plant for assimilates, nutrienits and water suppiy.
Its wide geographical distribution and host range make
C. campestris among the most damaging parasites
worldwide causing severe damages to carrots, alfalfa,
sugarbeet, onions, legumes and other crops (Parker &
Riches, 1993; Dawson ef al., 1994: Holm er al.. 1997).
Unlike root parasites, C. campestris seeds do not require
a specific stimulant to induce germination: mechanical
or chem:cal scarification of the seed coat is sufficient to
facilitate it {Hutchison & Ashton, 1980; Dawsoen et al.,
1994). The germinzting seed emerges as a long, thin,
rootless, vellow- orange leafless stem that coils around
adiacens dbjecis. When :tiached to the leaf or stem of a

suitable host plant, thigmotropic responses and chem-
ical recognition cause C. campestris to develop haustona
within a few davs (Tsivion, 1979: Press er al.. 1990).
This highly efficient absorption system allows the
parasite to divert resources (water, amino acids and
assimilates) from the host to itself (Tsivion. 1979; Dorr,
1987), thus reducing host vigour and dramaucally
Jowering crop production (Press e al.. 1990; Dawson
el al., 1994).

Although all the organelles and metabolic mecha-
pisms exist in C. campestris, an obligale parasite, many
of themn are not essential for its survival. This means that
herbicides such as photosynthesis inhibitors will have no
eficct on it. However. amino acid biosynthesis mhibitors
(AABD, such ac glvphosate and acetolactate svr:thase
{ALS) inhibitors. affect the growth of C. campesiric.
When aprlied to the host, these phloem-mobile hei-
cirtes 4 cumalate selectively in the strong C. camyesiris
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sink and inhibit parasite growth (Fer, 1984; Liu & Fer.
1990; Bewick et af., 199F; Nir er al., 1996).

Glyphosate interferes with aromatic amino acid
(phenylalanine, iyrosine and tryptophan) biosynthesis
by inhibiting 3-enolpyruvylshikimate-3-phosphate svn-
thase (EPSPS), which i1s a key enzyme in the shikimate
pathway. Inhibition of the pathway leads to overpro-
duction and accumulation of shikimate (Amerhein
et al., 1980; Geiger & Bestman, 1990). ALS inhibitors
inhibit the synthesis of branched-chain amino acids
(valine, isoleucine and leucine} by blocking the first step
involved in the condensation of pyruvate (Ray, 1984). It
is not yet clear what exactly causes the death of the
plant. but there is evidence that both EPSPS and ALS
inhibitors inhibit assimilate translocation within the
plant (Bestman et af., 1990; Hall & Devine, {1993 Kim &
Vanden Born, 1996; Geiger er al., 1999).

As an absolute parasite, when attached to a host,
C. campestris operates as a ‘super-sink’ overcoming the
host’s sinks {(Wolswinkel, 1984). Ths reperted high
herbicidal efficacy of AABI herbicides indicates that in
spite of the amino acid supply from the host (Wolswin-
kel er al., 1984), the parasile possesses 1ts own host-
independent amimo acid biosynthesis pathways, which
may conceivably be sensitive to these inhibitors. Root
parasites, such as Orobanche spp. (Joel et al., 1995) and
Striga spp. (Kanampiu et al., 2001), are effectively
controiled when associated with a target-site-resistant
host plant. In this study, C. campestris seedlings are
shown to tolerate high AABI concentrations and
recover from the herbicide application while growing
on target-site-resistant hosts, indicating that these creps
may not be a solution for the control of C. campesiris.

Materials and methods

Plant material

Cuscuta campestris seeds were collected from the para-
site growing on Prosopis farcta (Banks et Solander)
Macbride in Or Haner (Northern Negev. Israel). cleaned
and acid-scarified for 20 min before use. Glyphosate-
resistant (RR) cotton (Gossyvpium hirsuium L. cv.
DP5415RR). sugarbeet (Bera wudgaris L.. cv. Pillar-
RR) and soya bean [Glycine max (L) Merr.. cov. GL
2600RR] plants were used as the resistant reference for
glyphosate treatments. Multiple-resistant seeds (to sul-
fonvlurea and triazine herbicides) of dmaranthus blite-
ides S. Watson (Sibony & Rubin, 2003} collected from
Ganot (Coastal Plain, Israel), and a dwarf tomato
(Micro-Tom. Lyvcapersicon esculenture Milly  trans-
formed with the Ds378-GUS constiuct containing a
sulfenylurea-resistant gene (SuR-tomato) (Meissner
et al.. 1997} were used as target-site ALS-resistant

plants, whereas v heat {Triticum aestivim L., ov. Arnel)
was used as an enhanced-metabolism chlorsulfuron-
resistant reference. Non-transgenic cotton cv. DP3415),
sorghum [Sorghum bicolor (L)} Moench ¢v. RS610,
Hazera. Israel]l. sweetcorn (Zea mavs L. ¢v. Jubilee),
wheat (7. aestivum) and wild-tyvpe 4. blitoides (collected
from a field in Kfar Shmuel never treated with herbn-
cides, Coastal Plain, [srael: Sibonv & Rubin. 2003} were
used as herbicide-susceptible controls.

Herbicides

Glyphosate (Roundup, 360 g a.. L™*. Monsanio)
and several ALS-inhibitor herbicides were tested:
sulfometuron-methy! (Oust, 750 g ai. kg™'. DuPomt},
chiorsulfuron (Glean, 750 ga.i. kg_l. DuPont), nimsuifu-
ron (Titus. 250 g a.i. kg™'. DuPoni). imazapyv { Arsenal.
230 g a.i. kg”". Cvanamid). imazethapyr {Pursuit. 200
g ai kg . Cvanamid). flumetsulam (technical grade
800 g ai. kg™'. Dow Agroscience) and pyrithiobac-
sodium (Staple. 830 g ai. ke™'. DuPont). Trfluralin
{TrAaran, 48 ga1. L . gan, Ashdod. Israel). aknown
herbicide for C. campesiris control {Dawson et al.. 1994
and a non-specific inhibitor of microtubule assembly. was

used to test btoassav reliability.

Dose-response assays in Petri dishes

Dose-response assavs were performed in 9-cm Petni
dishes filled with thoroughly washed coarse sand (133 g)
containing different concentrations of the herbicide
(15 mL per dish) based on the method reported by Tal
et al. (2000). Cuscunta campesiris seeds were planted in
the sand (without a host) | cm from the bottom of each
dish. After sowing, the dishes were sealed and incubated
in a dark room (28°C). tilied face up at an $0° angle. Al
other seeds were placed 2 cm from the top of the dish,
and the dish was sealed and incubated face down under
the same conditions. Cuscuia campestris shoot length
was measured 4- 3 davs after sowing (DAS). The root
lengths of all other species were measured 36 DAS.
depending on the growth rate of cach species.

Long-term response of hosts and parasites
to herbicides

Experiments were conducted in a glasshouse under
summer condiions {ca. 13-h days at 28°C and 22°C
nights). Herbhicides fcommercially  available formula-
tions) were applied with a motorized laboratory chain-
driven spraver equipped with a flat-fan nozzie (R001E) at
243 kPa. calibrated 1o deliver 5300 L k™ . SuR-tomato,
RR-sova bean and RR-sugarbect seeds (twe 10 three per
pol) were sown in pots (7 cm x 7 cm » 8 ¢md containing

T Furanean Wesd Rewcarch Sacistn Hosd Rewer b 000 43 341 347



a potting mixture of sandy soil and peat {2:1, 17 F) and
1 ¢ kg™' of a slow-release fertilizer (Osmocote [4-15-14
Scotts-Sierra Horticultural Products, Marysville. OH
USA). After emergence. the seedlings were thinned to
one seediing per pot. Cuscuta campestris secds (15 20
were sown near the stem of each host plant 2 weeks after
sowing (WAS). Associated plants were ready for treat-
ment 4 WAS. Pots containing C. campestris-infested
RR-sugarbeet and RR-soya bean plants were treated
with glyphosate, and pots containing C. campesiris-
infested SuR-tomatoes were ireated with sulfometuron.
Host and parasite development were monitored up to
8 weeks after treatment (WAT). At each assessment, the
host plart and parasite were evaluated and scored from
0 (dead) to 5 (full vigour). After the last assessment,
plant and C. campesiris tissue were collected and
separated for fresh and dry weight determinations.

Shikimic acid assay

Cuscuta campestris, sorghum and RR, and non-trans-
genic cotton seeds were sown in Petri dishes containing
sand and different concentrations of glyphosate (5 pM
to 100 mM). Seedlings (4 DAS) were removed from the
sand, weighed and their shoot or root lengths were
measured before freezing in liquid N for the shikimic
acid assay. Shikimate was extracted by grinding the
tissue in HCI 0.25 M (1.3, tissuesolution), and its
content was measured in a 10-ul aliquot of the super-
natant according to Singh and Shaner (1998) and
Cromartie and Polge (2000}

Statistical analysis

Dose-response assays were conducted in a completely
randomized design with three to four replications. The
means and standard errors were calculated for all assays.
The log-logistic model (Seefeldt er al., 1995) was used to
analyse root and shoot elongation and fit dose-response

Natural tolerance of € camperrsis 10 herbicides 343

curves; I, values {herbicide concentration causing 0%,
erowtk: nkihition) were calculated from the respective

CUrves.

Results and discussion

Dose-response bioassays

Non-assuciated C. campestris tolerated much higher
concentrations of AABI herbicides than all other plants
tested (Table 1). The I value for inhubition of the
parasite’s initial growth by glyphosate was 3. 330 and
650-fold higher than the concentration required to
inhibit RR-cotton. non-transgenic cotton and sorghum
root growth, respectively (Fig. 11 Similariy. the sulfom-
eturon lgg value for C. campestris shoot elongation
inhibition was above 500 uM. whereas that required to
inhibit sorghum root elongation was only 0.004 iM
(Fig. 2).

To examine the possibility that the herbicides have
different effects on germination and secdling develop-
ment. sorghum and C. campestris sceds were first pre-
germinated on wet filter paper. and then transferred to
the sand-fillied Petni dishes containing the herbicides.
There was no difference in the response patterns and the
I.p values were similar (data not shown).

Cuscuta campestris and sorghum seed development
were similarly inhibited in the presence of | pm
trifluralin, a microtubule-assembly inhibitor reported
to strongly inhibit the germination and growth of
C. campesiris (Liu er al.. 1987: Dawson er al. [994:
Nir ef ¢'. 1796). The response of the parasite 10 iuw
rifluralin concentrations established the refiabiity of
the bioassay and confirmed that the tolerance of
C. campestris 10 AABI herbicides is a unique reaction
and not an artefact ansing from the assay condinons.
Furthermore, when other C. campesiris populauons
from Israel (grown on A blitoidesy and California
(grown on tomatoes) and a population of C. monogyna

Table 1 Response of Cuscute campestris and other plants 1o herbicides applied in the sand-filled Petn dish broassay. The log-togishe
model (Secfeldt er af.. 1995} was used to caiculate the s values from the dose-response curves of shoot {C. campesirisi OF root

elongation

Iso
Herbicide C camoestris  Sorghum bicoior RR-cotton  Wheat SuR-tomato Maize SuR-& Hitowes SuS-A bitoades
Glyphosate imM} 52 0.08 6.2 - - - - -
Chiorsuifuron {uM) 86 0.72 - i - 0014 - -
Rimsulfuron {uM}  >1000 0.01 - - - - 19 (1]
Sulformeturon ipM >500 0.004 - - 48¢ - - -
tmazapyr (uM} >1000 1.5 - - - - 148 1Z
imazethapyr (uh}  >1000 0.5 - - - - - -
Flumetsulars ixh: - > 1000 <0.001 - W - -
Pyrith obac #' ) 140 «<73.001 - s - - -
Trifturatin (uM) 1 1 - - - - - -

2 E.ropean Vored Rescirch Society Weed Rese. ch 2007 43,3 34
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Fig. 1 Effect of zlyphosate on the elongation of Cuscuta campesiris
shoots, and sorghum and cotton roots. The assay was conducted
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Fig. 2 E{fect of sulfometuron on the clongation of Cuscuta
campesiris shoots (@Y and serghum roots (+ ). Vertical bars
represent SEM.

from Israel {grown on Ziziphus spp.) were exposed to
high glvphosate concentrations. a similar tolerance was
observed {data not shown). Although a limited number
of Cuscuta populations were examined, the results are
more widely applicable.

Shikimic acid accumulation

Shikimate accumulation in plant tissue may be used as
an indication of glyphosate inhibition of EPSPS (Singh
& Shaner. 1998). The flow of shikimate through the
shikimic pathway is disrupted by herbicide activity and
therefore accumulates in the glvphosate-treated plant
tissue (Geiger & Bestman. [990). Only glvphosate
concentrations above | mM reduced the growth of

C. . mpestris shoo: and RR-cotton root. whereas much
fower conceutrations were needed {or non-transgenic
cotton and sorghum root inhibition (Fig. 3). In both
glyphosate-sensitive species. significant shikimate accu-
mulation was observed at relatively low herbiade
concentrations, whereas in RR-cotton virtually no
shikimate accumulated at anyv of the concentrations
tested. indicating that the observed growth inhibition in
RR-cotion was not caused by EPSPS inhibition (Fig. 33,
In C. campesiris. however, glyphosate above 300 uM
caused a gradual increase in shikimate accumulation.
indicating herbicide penetration into the parasite and the
presence of an active form of EPSPS (Fig. 3.

Response of host-associated C. campestris

Growth and development of C. campesiris on herbicide-
resistant host plants are inhibited soon after herbicide
application, but after 10-14 davs. many of the treated
parasite plants recover and resume growth (Fig. 4. To
estimate the ability of the parasite to recover from the
“arbicide tro:imert, its development was monitored
over an caiended peried of tme. up o 37 davs after
treatment (DAT).

Cuscuta campestris parasitism on herbicide-reststant
host plants (RR-sugarbeet. RR-sova bean and SuR-
tomato) resulted in severe growth retardation ir the host
plants (Table 2). Although post-emergence herbicide
treatment (either ghphosate or sulfometuren) somewhat
improved the host's biomass accumulation, 1t remained
significanily lower than that of the untreated control
(parasite- and herbicide-free hosts) and did not eliminate
the damage caused by the parasite {Table 2} The
parasite’s response to the herbicide differed between
hosts: most of the parasite plants growing on herbicide-
treated RR-sugarbeet and SuR-tomato hosts survived,
recovered and resumed regular growth (Table 2). The
initial effect on the parasite was probably caused by the
‘super sink’ emploved by the parasitz. resulung in rapid
translocation and accumulation of the herbicide n the
parasite (Bewick er al.. 1991). Hence, soon after herbi-
cide application. the parasite stes discontinued growth,
turned deep orange and developed a deformed apex. but
did not die. At a later stage. C. campesiris plants
recovered. the damaged apex resumed growth and
developed broom-like shoots with three to five newly
emerging stems which., 20-30 DAT. developed new
healthy stems followed by normai flowenng and seed
set (Fig. 5).

Parasite recovery was not observed when associated
with RR-sova bean. This was unrelated to herbinde
treatment (Table 2), and probabihy due to a weaker
association with the host as its stem became thick and
rigid. Hence, C. eampesiris infestation on the sova been

& Farmmenn Wond Rocaarch Qavaty Haed Roconr i 01T 21 345 37
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Fig. 4 RR-sugarbeet infested with
Cuscuta campestris 30 days after treatment,
untreated (A) and glyphosate-treated
(1.08 kgac ha '} (B)

plants dectined shortly after the first visual assessment and
by 37 DAT, all but one C. campesiris plant were dead.
Although €. campestris is capable of parasitizing a
farge variety of hosts, and could be devastating to some
crops, including sova bean (Table 2). incompatibility
may develop following initial and successful establish-
ment of the parasite’s haustcria, due to mechamcal or
chemical elimination by the host {Werner et al.. 2001).
However. sugarbeet proved to e extremely sensitive
to C. campestris infestation. RR-sugarbeet plants infes-
ted with C. campestris and not trear :d with glyvphosate

€ Euvropeanr Weed Rosearch Sttty Vecd § ee LA 2000 43, 340 347

exhibited a steady decline in growth followed by a
similar reduction in parasite vigour (Fig. 4). Although
SuR-lomate was not an ideal C. campestris host idue to
its size and short life cvcle). well-established C. campes-
tris plants were able 10 survive sulfometuron applica-
tion.

Dawson ¢t «f. {1994} reported the incomplete kill of
C. campest: :s after sulfosate and glyvphosaie application:
survising © ot icH'a regenersted new shoots and treat-
ment had tu be repeated to achieve sufhcient control of
the parn<ite.
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C. campesirs

Table 2 Cuscuta rampesiris and resistant
host plant iRR-sugarbeet. SuR-tomate

Host fresh Fresnwtg  Number of and RR-sova bean) development 37 days

Host plant Parasite  Herbicide  wigper piant  per plant SUNVIVO?S after post-emergence ireatment
RR-sugarbeett - - 56 + 1.7 -

+ - 618 23x2073 710

+ + 32:+65 6.2 x222 510
RR-soya beant - - 19 1+ 1.01 -

+ - 11 £1.03

+ + 13+ 145 *
SuR-tomato} - - 52+ 6.2 -

+ - 13257 052025 5/8

+ + 25+65 082041 49

Shown as mean = SE.

*No €. campesiris SBIvivors.

+Treated with glyphosate (0.72 kg a.e. ha™).
+Treated with sulfometuron (22.5 g a.i. ha™").

Untreated

Avarage parasite grade

10 20 30 40 50 60
DAT

Fig. 5 Cuscuta campestris growth [(O) untreated; (@) treated] on
RR-sugarbeet plants following post-cmergence treatment with
glvphosate (0.72 kg a.e. ha™"). Parasite growth was visually
evaluated and scored. with 0 representing no parasite growih.
and 5 representing full parasite vigour and host coverage. DAT:
days after treatment, Vertical bars represent SEM.

The question, therefore, is how do C. campestris
seadlings continue to develop m the presence of high
glyphosate concentrations and what is the mechanism
that enables glyphosate- or sulfometuron-treated
C. campestris to recover from the herbicide treatment?
Herbicide tolerance in plants may be achieved by an
aliered target site, over-expression of the target enzyme.
high specific activity of the target enzyme or enhanced
detoxification of the herbicide (Yuan eral. 2002).
Shikimate accumutation in the parasite following expo-
sure to glyphosate at relatively low herbicide levels
eliminates the possibility of altered EPSPS. as well as
that of enhanced herbicide detoxification. The possibil-
ity of over-expressed EPSPS remains to be investigated.
Preliminary studies show that ALS extracted from

C. campestris exhibits both high specific activity and
lower sensitivity to sulfometuron {data not shewn): this
may indicate high RNA or protein expression of the
1areet enzyvines in . campesiris tissue.

_ The results of this study dcmonsirate the abiliny of
C. campestris to tolerate and recover from high rates of
glvphosate and sulfometuron application. These results
raise questions about the claim that herbicide-resistant
crops might provide a novel means for controlling
C. campestris {Joel et al.. 1993). This approach should
be evaluated for each host individually. taking inte
consideration the host morphology and host-parasite
type of association. High compatibility berween the host
and the parasite (e.g. sugarbeer) mav lead to less efhcient
control.

Acknowledgement

This research was supported in part under grant no. TA-
MOU-01-CA20-006 funded by the US-Israei Co-oper-
ative Development Research Program. Bureau for
Fconomic Growth. Aegriculiure, and Trade. and the
US Agency for international Development.

References

Aseraeis N, Devs B, Genrke P & Stenwuvokexy HC (1980 The
site of the inhibition of the shikimaze pathway by givphosate
I1. Interference of ghvphesate with chonsmate formation
in vive and in vitro. Plani Physiolngy 66, 830-534

Brstaax HD. Devive MD & Vaxpes Boexs WH 119901 Herbneide
chlorsulfuron decreases asamilate transport oul of treated
leaves of ficld pennvcress { Thiaspi arverse Lo seediings.
Plant Physiology 93, 1441-148.

Buwick TA. Brvwic LK & Baixe NE 1199 Ahsarpiion and
translocation of glyphosate by carrot nfected by swamp
dodder. Journal of the American Society of Hartionl:
Science 116, 10331039,

wra!

# Furansun Wasd Rawrarrch Sovnte Hooesd Rewaref Mt 430 348 547



Cromarmie TH & Povae ND (2000) An improved assay for
shikimic acid and its use as a monitor for the activity of
sulfosate. Weed Science Seciery of America Abstricts 40, 201

Dywsos TH, Misseisas LI, Wouswiikr), P & Dorr 1 (19940
Biology and control of Cuscuta. Review Weed Scivnce 6,
263 317

Dorr 1 (19875 The haustorium ol Cuscitu — new struclara:
results, In: Proceedings 1987 4th Internationed Svmposiue on
Puruasitic Flowering Planis {eds HC Weber & W Forstreuter),
Marburg. Germany, 163-173.

Fer A (1984) Physiological approach to the chermical control of
Ciescueta: experiments with "C-labelied herbicide. In: Pro-
ceedings 1934 3rd International Svmposium on Parasitic
Weedy {eds C Parker. LJ Musselman. RM Polhill &

AK Wilson), Aleppo. Syria. 164-174.

Geicez DR & Besmsas HD (1999} Self-imitation of herbicide
mobility by phytotoxic action. Heed Scivnce 38, 3124-329.
Geiger DR, Simen W1 & Fucns MA (1999) Causes of self-limited
translocation of glyphosate in Beta vudfguris plants. Pesticide

Biochemisiry and Phvsiology 45, 124-133.

Hare LM & Devive MD (1993) Chlorsulfuron inhibition of
phicem transiocation i chlorsulfuron-resistant and suscep-
tible Aradidopsis thaliana. Pesticide Biochemistry and Phy-
siclogy 45, 81-90.

Hoim L. Dot J. Houwm E, Pancu J & Haksercir J (1997) World
Weeds: Naiural Histories and Distriburion. John Wiley &
Sons, NY, USA,

Hutcrison IM & Asuton FM (1980) Germination of field
dodder (Cuscuta campestris). Weed Science 28, 330-333.

Joer. DM. Keereip Y, Losser-Gosuex D, Herzuinger G &
Gressel Y {1993) Transgenic crops against parasites. Naiure
374, 220-221.

Kanampeit FK. Ransom JK & Gresser J (2001) Imazapyr seed
dressings for Srrige contrel on acetolaclale synthase target-
site resistant maize. Crop Prorection 20, 885-895.

Kt § & Vanees 3oy WH (1996) Chlorsulfuron decreases both
Sssimuets e070rt by source leaves and import by sink leaves
m Canola (Hrassece napus L seediings. Pesticide Biochem-
witry and Physiology 56, 141-148.

Liv ZQ & Fer A (1990) Effect of a parasite (Cusciria
fupufiformis Krock.) on the redistribution of two systemic
herbicides applied on a legume ( Phaseolus aureus Roxb.).
Comptes Rendus de L' Academie des Sciences. Series 3.
Science de la Fie 310, 333-339.

Liv ZQQ. Acaev R, Lecocg M. Fer A & Hauier IN (1987) Effects
and mode of action of several herbicides on dodder seedlings

{Cuscura lupuliformis Krock). In: Proceedings 1987 4ih
Iniernationai Symposium on Parasitic Flowering Plunty (eds
HC Weber & W Forstreuter). Marburg, Germany, 511-321.

¢ Ewropuan Weed Research Socwcty Weed Recearch 2003 43, 34134

Nadural tolerance of O camsoe s e Borhiedes 347

s B KO Jacomson Y, Mesasen S er of (197 A new mode!
system for temato genctics. The Plant Journai 12,1465 1472

Vi E Rusr B & Znawavion SW 19961 On the hiclogs and
selecty control of fieid dodder (Cuvenia campesrisi In
Advances in Parasitic Plant Rescarch. Sixth Iezeenationad
Parase: - 1 d Symposium (eds MT Morene. H Cubera,

T %er v | L Joel LY Musselman & € Parker:. Cordobas.
Spwn, 49 <16

ke O & Riues CR (1993) Cuscura species. the dodders. and
Cassytha Filformis. In. Parasitic Weeds of the Workd: Biology
and Conrof (eds C Parker & CR Ruchesy 183-223 CAB
International, Waliingiord. UK

Press MC. Grarves GR & Srewart GR (1990 Physiclogy of the
interaction of angiosperm parasites and thesr higher plans
hosts. Plamt Cell and Environmens 13, 91 - 104

Ray TB (19841 Site of achion of chlorsulfuron Infibition of
vaitne and iscicucine tiossnihesis in planis Plans Pa e
15, 827831,

Seerrpr 85, Jesses JE & Foexst EP 11995 Log-logiste analysis
of herbicide dose- response relationships  Wecd Tochnoing:
9, 218227

Siwovy M & Ruesix B (2003) Molecular basis for muluple
resisiance to acetolactate svnthase-inhibiting herbiades and
atrazine in Amaranthus blijoides (prostrate maweedt. Phord
216, 1022-1027.

Sivon BK & SHaner DL (1998) Rapid determinaton of
glvphosate injury te plants and wdentificanon of glyphosate-
resistant plants. Weed Technology 12, 327330

TaL A, Kotoris-Svka E & Resix B 120000 Seed-broassay to
detec: grass weeds resistant 1o acetvl coenzvme A carbox.
vlase inhibiting herbicides. Crop Protection 19, 467372

Tsiniox Y (1979) The reguiation of the associutive of the
parasizic plant Cuscuta campestns with :1¢ 2asrs. PhD thesis.
The Hebrew University of Jerusalem. Jerusaler. Israci

Werner M. Uemien N Proksch P & Kawpessors R 20001
Characteriziation ~¢ iwo tomato aguapons: :nd expressicn
du. ng i incon - v Cble iaterac tion ~f town o with the ~ane
parasite Cusctter refrexd. Pianse 2E3 330 20:

WoLswiskel P {1984) Phloem unloading and “sink strength™ the
parallel between the site of attachment of Cuscute 2nd
developing legume seeds. Plant Grouti Regufazon 1, 209
37

Wourswinkel P Avvgriaany A & Hexrwcws FCP (19341 Phioem
unicading of amimo acids at the site of attachment of
Cuscuta europaea. Plant Physiology 75, 13-20.

Yuan Cl Cuanne MY & Cuex YM (20021 Tripie mechanisms of
givphosate-resistance in naturally occurnng givphosate-
resstant plant Diclipiera chinensis. Plani Scence 163, 33—
354



Kazakhstan Report 2002-2003

Introduction:
Cuscuta spp. (dodder) is widespread around the world parasitizing trees, shrubs as

well as numerous annual and perennial crops and weeds. There are 19 species
infesting more than 168000 ha in Kazakhstan and 12 in Israel with field dodder
Cuscuta campestris being the most important one (Zharasov, 1999).

According to the data collected in Kazakhstan the best control management of
dodder is based on rotation of crops, well-timed and careful soil cultivation combined

with optimal time of sowing and use of herbicides.

During the first year of the project (starting May 2002) several field experniments were
established in order examine several management practices which combined
cultivation and chemical measures to control the parasite. it was too late to initiate
the crop rotation trials and they will conducted in summers of 2003-5. A digital
camera has been purchased and is used for taking photographs of the different

species.

Tasks of the studies on the first year (2002-2003)

1. Monitor the infestation and define the identity, structure and number of field
dodder in crops

2. Examine the response of field dodder to new herbicides in alfalfa and sugar beet
in fields and in the laboratory.

3. Investigate the role and efficacy of herbicides in the field dodder control on non-

agricultural land.

Methods

Field experiments were conducted in the following farms: 'Ray of the Orient’
'Kisanov' and 'Abdygulov', in 'Talgar district of Almatinskii region (oblast). The soil
is middle-foamy light chestnut, 1.9-2.1% organic matter, pH - 8.05. The analysis of

the weather conditions for 2002 is taken from data of Almaty meteorological station.



Climatic data of Almaty meteorological station (2002)

Month Perennial‘ average 2002 j
Rainfall (mm) | Temp (°C) | Rainfall (mm) Temp (°C) |

| January 35.0 - 101 53.3 95
| February 38.0 : -7.9 47.0 | 83
' March ; 70.0 2.7 . 1538 | -3.1 i
April ' 100.0 ; 10.2 177.0 10.3 |
May 95.0 ! 16.4 165.7 15.5

' June 56.9 a 21.5 101.6 22.2
| July 42.8 " 24.1 47.0 25.1
| August 30.1 20.4 24.5 22.3

2002 was a rainy year with 315 mm above the perennial average with cold and wet

spring, and annual air temp of 9.3 -9.0°C.

Laboratory experiments various herbicides were tested in pots and their effect on
growth and development of field dodder was investigated in cooperaticn with

scientists from Kazakh National al-Farabi University.

Herbicide tested in laboratory and field studies:

i diethyleneglicol |

diethyleneglicol

Commercial ai (%) | Active ingredient Rate tested |
name g (kg or L/ha) |
'Regio’ 40 Chloridiazon + 6-8 |

phenmedipham +
desmedipham ;
Betanal progress 18 | Phenmedipham + 4-6
(6+6+6_ | desmedipham + i
| ethofumesate |

Kerb 50 Pronamide | 5
Pivote 10 imazethapyr i 0.8 :
Hurricane 48 ____Glyphosate-trimesium | 1.0-1.5 f
Roundup 48 | Glyphosate-isopropylamine |
Prosulfuron Prosulfuron ;'
Arsenal 24 imazapyr |
Monochloracetate | 95% Monochloracetate 7-10 —:

Results
The infected alfalfa is the main source of seeds to the seed bank in soil that spreads

and infests other sensitive crops, indicating that dodder control must be focused on
alfalfa. We determined that the rate of damage caused by the dodder depends on
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length of parasitism. When dodder appeared on the first hay harvest, the yield
declined by 35%, and on the second harvest - 31.9%. When alfalfa was infested at
the end of season, the yield declined by 18.5% only as compared to non-infested
control..

The amount of nutrients determining feed value of alfalfa hay when infested by
dodder (‘Abdygulov’, 2002) reduces mineral and protein content damp ash on 3.0,
damp protein-9.1, damp fat-0.85% (Table 1).

Table 1. Chemical composition of alfalfa hay infested by dodder, in percents on
absolute dry weight

(%) Nitrogen- |
Treatment Minerals | Protein | Lipids Cel:;jlos | e)::::ct E
dAcI)fgg:rn(?:g::tfriT)ted Vg7 21 16 | 281 | 335 _1
Ld/ﬂ\(lj‘(:;t(rjfgr ntested 0¥l 67 | 127 | o ] 207 413

Following alfalfa crop, there is a large amount of viable dodder seeds in the upper
soil layer. Our calculations revealed that in layer of 0-10 cm 300 seeds/m? are found.
To reduce the potential of contamination of dodder seeds in soil we conducted fall
harrowing of alfalfa infested by dodder that promoted the intensive germination of
seeds. When a repeated harrowing was undertaken, dodder shoots were eliminated,
and the remained dodder shoots were weak. After harrowing amount of dodder

seeds reduced to 80/mZ.

Herbicide (pivote 0.8 L/ha, hurricane 1.0 and 1.5 L/ha and monochloracetate
diethyleneglicol 7 and 10 L/ha) were applied in a 300 L/ha spray volume after alfalfa
was first cut low and hay collected and removed. Plot size was 25 m? with 4
replications. The calculations were conducted in a month after the use of the
herbicides (Tabie 2).
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Table 2. The influence of the herbicides applied after first cut on dodder infestation
and alfaifa yield ('Ray of the Orient’, 2002)

Number of dodder-infested alfalfa |
plants/m?® ?
Treatment Before After Before 2™ Yield |
(kg or L/ha) treatment treatment mowing | (Baletha)
Control 330.5 ; 332.5 ! 336.5 39.3 f
Pivot, 0.8 334.6 4.6 3.2 854
Hurricane, 1.0 343.8 8.0 i 4.5 77.6 ,i
Hurricane, 1.5 3438 ¢ 70 [ 20 887 |
Monochloracetate .
diethylene glycol, 7.0 340.4 7.0 4.4 ' 81.0 ‘
Monochloracetate
| diethylene glycol, 10.0 338.1 I 3.5 0.5 %24

The data presented in Table 2 indicate that all herbicides controlled the parasite and
increased the alfalfa yield. Hurricane at 1.5 L/mha and moncchloracetate
diethyleneglicol at 10 L/ha as well as pivot (0.8 L/ha) were the most efficient
treatments. The data in Table 3 indicate that germination of dodder seeds is
completely inhibited only at very high concentration of the herbicide.

Sugar beet

Sugar beet (var. Yaltushkovskaya) response to dodder and cultivation was studied in
the farm ‘Abdygulov'.

The following treatments were examined:

1. Hand weeding without harrowing

Harrowing before dodder shoot emergence

Harrowing after dodder shoot emergence

Harrowing before and after shoot emergence

A S

Harrowing before and after shoot emergence complemented with Inter-row

herbicide treatments (Table 4)
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Table 3. The influence of herbicides on the germination of field dodder seeds in Petri
dishes (10 scarified seed/dish). Laboratory experiments.

Number of germinating
seeds/dish
Days after sowing
Treatment (ml/dish) } 7 14 P30
Control j 10 _ 10 10
Hurricane 0,01 é 4 4 F 5
Hurricane 0.02 3 4 .5
Hurricane 0.05 3 4 , 5
' Hurricane 0.1 - - -
- Hurricane 0.5 - - i - —
Monochloracetate diethylene alycol 0.01 4 | 5 5
Monochloracetate diethylene glycol 0.02 3 i 4 4
Monochloracetate diethylene glycol 0.05 3 | 4 4
Monochloracetate diethylene glycol 0.1 - ,‘ - -
Monochloracetate diethyiene glycol 0.5 - - -
Prosulfuron 0.01 4 4 4
Prosulfuron 0.02 3 3 i 4
| Prosulfuron 0.05 - : - : -

Table 4. Influence of cultivation and inter row herbicide treatments (Kerb 4 kg/ha) on
dodder and sugar beet.

Dodder Dodder . |
Date - | Yield (% |
Treatment applied | ®Mergence | remaining % l ofhand
i (2002) | before after | control | weeding)
L | treatment | treatment | | ;
. 10.06 | ‘ ‘
Hand weeding X 2 10.07 f 0 0 100 100
Harrowing before | 5
dodder emergence 01.06 E S | 2 60 L i
Harrowing after 14.06 | 8 | > 75 1 77
emergence ; ; ]
Harrowing before g : : |
and after dodder 15.06 9 1.5 . 83 84 :
| emergence | | |
' Harrowing before ' 1806 | ;
- and after dodder : ' 5 14 2 86 94
| j

emergence + Kerb 1 17.07
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The best field dodder contro! was achieved when harrowing was performed before
and after shoot appearance followed by inter-row treatment with the standard

herbicide treatment.

Field experiment was conducted at the ‘Abdygulov' farm in which several herbicides
were applied post emergence on 1-2 leaf stage sugar beet. Number of dodder and
sugar beet as well the beet yield and sugar content were recorded (Table 5). Plots
were arranged at randomized bilock design (25 m? each) with 4 replicates.

Sugar beet was planted on 01 .06.2002, and the herbicides were applied at 13.06.02.
The results of the experiments show that the dodder control within the 30 days after
herbicide application was 55-100% (Table 5).

Table 5. The influence of herbicides on field dodder and sugar beet productivity
(Farm “*Abdygulov”, 2002)

Field dodder | [ o | Sugar |
1 Sugar beet | Yield (% of |
F Treatment (L/ha) Pl;nzts/ ’ % control ' (plants/ mz;g control) cor;tﬁent,
— | T
' No herbicides l 45 |~ | 45 ' 100 - 125
r % l ' ;
! F ] B
Regio, 6.0 o2 ss |y [ 108 | 127
; | | f : —
Regio, 8.0 [ 2 56 4 116 . 128
| 5 | -
! E%tanal progress, [ 18 61 | 4 j 114 i 127 u
Betanal progress, f! 13 . 72 | 4 44 12.8
6.0 ; __
| f‘ f ! ‘
Kerb 4.0 |43 ; 100 1 45 1 120 434
| i
! J ; , |

Kerb (the standard) was the most efficient treatment followed by the high rate of
betanal with the same trend in yield increase. The effect on sugar content was less

pronounce.
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The experiment conducted in a non-agricuitural land hurricane Roundup 36% were
the most efficient, the control rate of dodder was hetween 90 and 100%. Al
experiments will be repeated in spring and summer of 2003 and 2004 and wil! be
conducted in other farms as well.

C) Scientific Impact of Collaboration:
During the first year of work, we published one paper in the peer reviewed joumnal

“Weed Research" (see above). The Kazakh partner has sent an abstract to the 15th
IPPC the International Plant protection Congress scheduled for August 2003, in
Beijing, China, but postponed to May 2004 due to the SARS. We hope that during
the second and third year we will be able to publish a paper authored by the two

groups.

D) Description of Project Impact
The project has impact cn the awareness of the loca! scientists, extension and

farmers in both countries. During the recent visit of the P in Kazakhstan, a clear
impact on major farmers was observed. In addition, the best treatments examined in
the field trials were adopted by the farmers that examine them on a larger and
practical scale. In spite of all difficulties described in my attached letter, which
stemmed from the transition in the KIPP, the knowledge of farmers about the

possibility to control dodder is improving.

E) Strengthening of Developing Country Institutions:
The visit of the Pl in Kazakhstan, the participation of Dr. Zharasov in IPPC as well as

the planned visit of a graduate student in the israeli lab wili strengthen the capacity of
the Kazakh researchers. The difficulties in getting the proper graduate student from
Kazakhstan are mostly because of changes made in the KIPP and the tendency of
students who speak English to study business administration, not agronomy or
biology. We hope that the suitable student will be identified and assigned to the

project soon.

F) Future Work:
The work will continue as planned. In Kazakhstan, a Survey outside the Almaty

region will be commenced, and a taxonomic identification will be conducted. The



19

specimens will be characterized and photographed emphasizing their unique
features for inclusion in the farmer's manual. Attempts will be made to establish the
crop rotation experiments, which did not start In May 2002 due to difficulties in
convincing farmers fo dedicate such big plots for several years. The controi
measures experiments will be conducted as planned with the inclusion of the new
herbicide - imazamox ('Raptor'} in the program.



Section I]

A) Managerial Issues:

There are no specific Managerial problem in the project apart from the fact that KiPP
is undergoing a drastic process of changes that might affect the ability of the Kazakh
partner, Dr. Zharasov to function properly. In addition, in both countries, the farmers
are reluctant to allocate large fields for a long term (3-4 years) crop rotation
experiments. This apparently stems from the general recession in the agricultural
market. We will look for substations in the program that might provide similar resuits
without being dependent on the farmers situation (small scale field experiments,

etc.).

B) Budget:

There are no major changes in the budget, but there are problems in cash flow in the
KIPP. During the visit to the Kazakh Institute of Plant Protection (KIPP) where Dr.
Zharasov works, | met with Prof. Dr. Sagitov Abai Orazuly, and Dr, Ismuchambetov,
the Director and Deputy Director of KIPP, which now belongs to the National
Academic Center of Agrarian Research (NACAR), Ministry of Education & Science.
Being now part of 'NACAR' increases the bureaucracy but above all, no credit is
granted to scientists on Grant's money. The KIPP is willing to continue with the CDR
Project and provide Dr. Zharasov with the needed accounting services. However,
they can not provide him with any cash flow on the funds. That means that Dr.
Zharasov has to use his own money to pay for all expenses related to the project in
advance, and wait for re-imbursement from the HUJ. The HUJ pays him only for an
approved Financial Report which he makes twice a year. This procedure impedes
any attempt to run the planned experiments or to conduct the survey in remote

places.

C) Special Concerns:

No problems.

D) Collaboration, Travel, Training and Publications:

During the first year we corresponded mostly via the electronic mail, but no travels
abroad were made. Dr. Zharasov suggested sending a trainee Miss Aijan
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Zhusupova, a 39 year student at the ‘Al-Faraby Kazakh National University'
(biotechnology major), who speaks reasonable English and works with him on the
project. | explained that according to the proposal the trainee must be a post-
graduate student, M.Sc. or Ph.D. student, to make sure that she/he will use his
learning to advance the knowledge in the KIPP. The search for a suitable candidate

iS in progress.

The Israeli group has published a paper in the “Weed Research” from this project
(attached as part of the current report} and another paper has been published in
"Weed Science" entitled:

Weinberg, Ts., Lalazar A. and Rubin B, (2003). Effects of bleaching herbicides on
field dodder (Cuscuta campestris). Weed Science 51: 663-670. Not included in this
report. Will be sent upon request.

This paper covers in part, the activities performed in the previous project (TA-MOU-
CA 13-008).

E. Request for American Embassy Tel Aviv or A.l.D. ACTION:
None requested.



