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Session 14
JOINT IWSS/INTERNATIONAL BIOHERBICIDE GROUP SESSION:
Realizing the Potential of Biological Weed Control

Impact of the biocontrol beetle, Cassida rubiginosa, on Cirsium arvense in New
Zealand (37)
Michael G Cripps (AgResearch, Lincoln, New Zealand), Sarah Jackman (AgResearch, Lincoln,
New Zealand), Graeme Bourdot (AgResearch, Lincoln, New Zealand)

Keynote: Broad leaved weed control by Phoma macrostoma in agricultural crops (23)
Russell K. Hynes (Agriculture and Agri-Food Canada, Saskatoon, Canada), Karen L Bailey
(Agriculture and Agri-Food Canada, Saskatoon, Canada), Jo-Anne Derby (Agriculture and
Agri-Food Canada, Saskatoon, Canada), Daniel Hupka (Agriculture and Agri-Food Canada,
Saskatoon, Canada)

Cirsium arvense (Californian thistle, Canada thistle, creeping thistle) is one of the worst
agricultural weeds in temperate regions of the world. The weed is native to Eurasia, and was
inadvertently introduced to New Zealand (NZ) over a century ago, where it is now one of the
worst pasture weeds, causing severe productivity losses. As part of the biological control
programme against this weed, the leaf-feeding beetle, Cassida rubiginosa, was released in
NZ in 2007. The beetle is now well-established in most regions and is the most successful
biocontrol agent released against C. arvense to date. Field surveys at beetle release sites
have reported outbreak populations (i.e. 100s of beetles per C. arvense shoot) with frequent
shoot death, and 63% defoliation measured at one site. To better quantify the impact of this
biocontrol agent on its target weed, a controlled field experiment was established in 2014
to determine (1) the eﬀect of defoliation by C. rubiginosa on thistle shoot population density
from year to year, and (2) the relationship between beetle larval density per shoot and
thistle population decline. Isolated patches of the weed were created and varying densities
of the beetle larvae (0, 5, 10, or 20 per shoot) were applied to the C. arvense patches. Mean
percent defoliation was, respectively, 0%, 10%, 19% and 25%. Subsequent changes in thistle
shoot densities in response to the beetle density treatments will be measured in spring 2015
(November to December 2015) to assess the impact of the beetle on the weed population
density. The percent defoliation required by the beetle to cause thistle population decline
will also be discussed in the context of a recently developed matrix population model.

Phoma macrostoma Montagne received conditional registration in Canada (2011) and the
United States (2012) for biological weed control in turf grass. To advance P. macrostoma
for agricultural use, field trials were conducted to determine the crop tolerance of alfalfa,
corn, soybean, pea, potato, wheat, barley and flax to P. macrostoma, the eﬃcacy of the
bioherbicide on Canada thistle (Cirsium arvense), and wild mustard(Sinapsis arvensis), and the
eﬀect of bioherbicide application timing on weed control. Phoma macrostoma was harmful
to alfalfa, Medicago sativa, (cultivar Longview) in the year of establishment significantly
reducing plant number. The plant reductions were dependent on the bioherbicide rate
applied. One year-old alfalfa was unaﬀected. In a multi-year crop rotation study following
dry land and irrigation farming practices, wheat (Triticum spp), barley (Hordeum vulgare
L.) and corn (Zea maize) germination and growth were unaﬀected while potato (Solanum
tuberosum L.) outgrew early symptom development. Soybean (Glycine max), pea (Pisum
sativum L) and flax (Linum usitatissimum) were sensitive to P. macrostoma. Crops sensitive
to P. macrostoma will be planted into Phoma-treated soil from the previous year to record
soil residue eﬀects. Phoma macrostoma eﬀectively reduced Canada thistle, wild mustard,
and other broadleaved weed seedlings under field conditions when applied prior to weed
emergence. The bioherbicide was most eﬀective on reducing plant number and biomass of
wild mustard by 75-100%. The biomass of other broadleaved weed seedlings was reduced
by 75%. The control of Canada thistle was more variable with reductions in weed cover
ranging from 52-80% and the reductions in biomass from 35-69%.
Keywords: Bioherbicide, Phoma, Canada thistle, Wild mustard
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The development of a soil bacterium as a pre-emergent bioherbicide (412)
Susan M. Boyetchko (Agriculture and Agri-Food Canada, Saskatoon, Saskatchewan, Canada),
Russell K. Hynes (Agriculture and Agri-Food Canada, Saskatoon, Saskatchewan, Canada),
Tim Dumonceaux (Agriculture and Agri-Food Canada, Saskatoon, Saskatchewan, Canada)
Pseudomonas fluorescens strain BRG100, a soil-borne bacterium, is being assessed and
developed as a biological herbicide, with the aim of registering and commercializing it for
control of annual grass weeds. This biopesticide significantly aﬀects germination and/or
root growth of green foxtail and wild oat, including weed populations that have developed
resistance to chemical herbicides. When formulated into a pesta granule and applied to
soil, it suppresses weed emergence and aboveground biomass. Prior to large-scale release
and registration approval, fundamental knowledge about spatio-temporal interactions
and environmental fate in soil are required. In addition, factors such as soil moisture,
temperature, and texture aﬀect the establishment, colonization, and survival of the
bacterium, thereby influencing the outcome of eﬃcacy trials. Large-scale replicated eﬃcacy
trials are required to optimize the placement of the bioherbicide in relation to the crop. An
environmental tracking system is needed to study the bacterium’s release and dispersal
from the formulation and its survival; long-term persistence in the soil is not desirable. The
reporter system that utilizes the green fluorescent protein gene (gfp) is an excellent model
for conducting such studies at the single cell level because it permits rapid, visual detection
of the bacterium and provides the level of sensitivity necessary to meet the requirements
of the Pest Management Regulatory Agency. These tools will support the development of
BRG100 as a reduced-risk weed control product that is environmentally friendly, reduces
reliance on and resistance to chemical herbicides and without persistent soil residues in soil.
Keywords: Pseudomonas, fluorescens, bioherbicide, green foxtail
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SolviNix LC, the first registered bioherbicide containing a plant virus as the active
ingredient (99)
Raghavan Charudattan (BioProdex, Inc., Gainesville, United States)
Solanum viarum (SOLVI; tropical soda apple; TSA), a native of South America, is reported
to occur in 23 countries. It is an invasive weed in the United States, Australia, and nine
other countries in and outside its native range. It is susceptible to several plant viruses that
cause nonlethal diseases. An exception is Tobacco mild green mosaic tobamovirus strain U2
(TMGMV U2), a widely prevalent virus adapted to species in the Solanaceae, which kills this
plant by eliciting a host-specific, hypersensitive, systemic necrosis. This mode of action is the
basis for the development and registration of a naturally occurring isolate of TMGMV U2 as
the bioherbicide SolviNix LC to control TSA. About a week after SolviNix application, the virus
elicits hypersensitive local lesions in the infected leaves. This is followed, about 3 to 4 weeks
later, by wilting and systemic necrosis of the plant. Based on extensive host-range, spread,
persistence, and other risk-analysis studies, we have determined that SolviNix can be used
safely without harm to nontarget plant species, fauna, or the environment. An industrial
process has been developed to mass-produce the virus. As a practical, non-chemical TSAmanagement option, SolviNix provides high levels of TSA control, performs consistently,
and is easy to apply. Recommended application methods include spot-spraying with highpressure sprayers and herbicide wipers. SolviNix LC is unconditionally registered in the
United States. It is undergoing experimental use trials for possible registration in Brazil.
Keywords: Bioherbicide, SOLVI, TMGMV, Virus, Noxious Weed
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Session 21
JOINT IWSS/INTERNATIONAL BIOHERBICIDE GROUP SESSION:
New Ideas and Directions in Biological Weed Control
Keynote: Plectosphaerella cucumerina – a potential biohebricide for Cirsium arvense
(39)
Karen Bailey (Agriculture & Agri-Food Canada, Saskatoon, Canada), Jo-Anne Derby (Agriculture
& Agri-Food Canada, Saskatoon, Canada), Graeme Bourdot (AgResearch Limited, Christchurch,
New Zealand), Bob Skipp (AgResearch Limited, Palmerston North, New Zealand),
Mike Cripps (AgResearch Limited, Christchurch, New Zealand), Geoﬀ Hurrell (AgResearch
Limited, Christchurch, New Zealand), David Saville (Saville Statistical Consulting, Christchurch,
New Zealand), Alasdair Noble (AgResearch Limited, Christchurch, New Zealand)
Plectosphaerella cucumerina, a fungal pathogen of several plant species globally, has recently
been confirmed as a naturally-occurring disease-causing agent in Cirsium arvense in pastures
in New Zealand. To explore its potential as a bioherbicide, five green-house/growth-cabinet
experiments were conducted between 2006 and 2013, two in New Zealand and three in
Canada (the latter comparing Canadian and New Zealand isolates). A sixth experiment, in
a pasture in New Zealand, provided “proof-of-concept” using the New Zealand isolate. The
fungus defoliated C. arvense plants under both the greenhouse and field conditions when
applied at 1013 conidia ha-1 in water volumes ranging from 250-1500 L ha-1. In the greenhouse,
disease levels were highest with multiple applications of conidia, temperatures around 20°C
and 48 h leaf wetness following application. Under field conditions, the addition of Pulse
wetting agent greatly enhanced disease levels. Overall, the isolates of P. cucumerina obtained
from C. arvense both in New Zealand and Canada caused similar levels of disease under
a range of environmental conditions indicating a global opportunity for its development
as a bioherbicide. We thank Meat and Wool New Zealand (now Beef+Lamb NZ) and the
Foundation for Research Science and Technology for funding Experiment 1 (under Projects
05AR/16 and C10X0811 respectively). We also thank the Ministry for Business, Innovation
and Employment, New Zealand, for funding Experiments 5 and 6 through AgResearch core
funding. Experiments 2, 3 and 4 were funded under Agriculture & Agri-Food Canada A-base
research.
Keywords: Mycoherbicide, Canada thistle, Biological weed control
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Arthropod – fungal interaction in biocontrol of Eichhornia crassipes (76)
Writuparna Dutta (Presidency University, Kolkata, India), Vishma Pratap Sur (Presidency
University, Kolkata, India), Puja Ray (Presidency University, Kolkata, India)
There are reports on individual impact of arthropods and phytopathogenic fungi on
biocontrol of the aquatic macrophyte, waterhyacinth, Eichhornia crassipes. But due to their
overlapping niches, interspecific interactions among these biocontrol agents is high and
there is a paucity of information on possible positive or negative impact they may have on
each other, hence aﬀecting the biocontrol. Three fungi, Fusarium oxysporum (FO), F. roseum
(FR), Paradendryphiella salina (PS), and two arthropods, Orthogalumna terebrantis (OT) and
Neochetina bruchi (NB). were applied to waterhycinth plants singly and in various combinations
(OT, NB, FO, FO+OT, FO+NB, FR, FR+OT, FR+NB, PS, PS+OT, PS+NB). Observations were made
on percentage damage to the waterhyacinth. Initial necrotic spots (12% damage) appeared
on waterhyacinth treated with FO within first 24 hours and 76% damage was observed
by 120 hours. Although delayed disease initiation (3.8% necrosis) was observed in FO+OT
treated plants while FO+NB had a comparatively high necrosis (15.6%) after 24 hours,
FO+NB and FO+OT treated plants showed enhanced damage percentage (90%) after 120
hours. The disease initiation in PS and FR treated plants were delayed by 72 hours with
both chlorotic (23%) and necrotic (12%) marks, respectively. PS had a repulsive eﬀect with
weevils causing 59% damage after 120 hours, eventually causing the weevils’ death and
also delayed disease initiation was observed. The combined eﬀect of PS+OT was 22%, lower
than individual eﬀect of PS (23%), and the PS+NB interaction resulted in even lower damage
(11.2%) after 72 hours. Damage percentage was higher for FR+OT treatment (95.2%) as
compared to FR alone (71%), and for FR+NB the eﬀect was just the opposite (31.2%) after
120 hours. These diverse results indicate that studies on the interaction between E. crassipes
biocontrol agents should be done prior to their release. The research grant received from
SERB, India, is duly acknowledged.
Keywords: Enhancing biocontrol, fungi, insect, interspecific interaction, waterhyacinth
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Biological control of parasitic weeds by using strigolactone-degrading fungi (579)
Angela Boari (National Research Council, Bari, Italy), Biancamaria Ciasca (National Research
Council, Bari, Italy), Rocío Pineda-Martos (University of Córdoba, Córdoba, Spain),
Veronica M.T. Lattanzio (National Research Council, Bari, Italy), Koichi Yoneyama
(Utsunomiya University, Utsunomiya, Japan), Maurizio Vurro (National Research Council, Bari,
Italy)
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Biological activity of extracts from diﬀerent pathogens of common ragweed (703)
Alexander O. Berestetskiy (All-Russian Institute of Plant Protection, Saint-Petersburg, Russian
Federation), Elena L. Gasich (All-Russian Institute of Plant Protection, Saint-Petersburg, Russian
Federation)

Root parasitic weeds (i.e. Phelipanche and Orobanche spp.) are a group of unwanted and
highly damaging plants with a unique mechanism of action. They are completely dependent
on attaching themselves to the host’s roots to consume photosynthates, nutrients and
water. Seed germination is a key phase of their life cycle which is stimulated by secondary
metabolites, mainly strigolactones (SLs), secreted by the host’s roots. Interventions
here would be particularly suitable for management of these parasitic weeds because
germinated seeds of the parasite can only persist if attached to the host’s root. Biological
control of parasitic weeds could be approached diﬀerently than in the past by using
microorganisms, not necessarily phytopathogenic ones, capable of detecting and degrading
SLs, thereby preventing seed germination in the weed. These microorganisms could be used
as biocontrol agents, as a „physiological“ barrier against parasitic plants. To support this
hypothesis, four fungi with diﬀerent ecological functions were considered for their possible
ability to metabolize SLs in vitro, namely: two strains of Fusarium (F. oxysporum and F. solani),
previously reported as biocontrol agents of Phelipanche ramosa; one strain of Trichoderma
harzianum, a potential biopesticide for controlling soil pathogens; and one of Botrytis cinerea,
a phytopathogenic fungus attaching mainly aerial plant tissues. Experiments were carried out
by adding four diﬀerent SLs (i.e. the natural strigol, 5-deoxystrigol and 4-deoxyorobanchol,
and the synthetic GR24) to fungal cultures and culture filtrates, followed by chemical
extraction and determination of the SL content by liquid chromatography-tandem mass
spectrometry. The strains of T. harzianum and F. oxysporum were the best in reducing SL
content. Considering the whole set of fungi used, 5-deoxystrigol and 4-deoxyorobanchol
proved to be the most metabolized SLs (around 73 and 69 %, respectively).

Common ragweed (Ambrosia artemisiifolia) is a serious invasive weed in Eurasia. Negatively
aﬀecting crop yields, this weed also causes human health problems due to allergenic
properties of its pollen. The weed shows cross-resistance to some common herbicides
and infests both non-arable and arable land. As a result, chemical control, especially in
non-crop areas, is problematic and biorational herbicides (mycoherbicides or natural
products) could be useful alternatives. In our study 11 strains of fungi isolated from
leaves of common ragweed were cultured on both liquid (DMG and Czapek-Dox) and solid
media (rice). Metabolites were extracted from the culture filtrate and mycelium of these
fungi with ethyl acetate and acetone, respectively. The extracts were tested for phytotoxic
activity on leaf segments of common ragweed, perennial sowthistle and couch-grass at the
concentration of 5 mg/mL. Antimicrobial activity of the extracts was determined on Bacillus
subtilis at the concentration of 100–500 μg/disc, and their zootoxic activity was tested on the
infusoria, Paramecium caudatum at the concentration of 10 and 100 μg/mL. Considerable
phytotoxic activity was found in the extracts. Among them, extracts from culture filtrates
of Alternaria tenuissima 1.75, Fusarium oxysporum 4.35, Acremonium sp. 16.7, Pestalotiopsis
stevensonii 59.4 demonstrated the highest activity. All phytotoxic extracts were toxic to the
infusorium; P. caudatum was extremely sensitive to extracts from Alternaria tenuissima, while
metabolites of Phoma sp. 32.78, and Fusarium oxysporum 4.35 had low toxicity. Considerable
antibacterial activity demonstrated exo-metabolites of Colletotrichum gloeosporioides 13.14,
Phoma sp. 32.78, Phoma sp. 32.149, Fusarium semitectum 14.31, Alternaria tenuissima 1.74,
and A. tenuissima 1.75. Generally, endometabolites extracted from mycelium obtained
from both liquid and solid cultures were less phytotoxic than the exometabolites of the
fungi. Therefore, metabolite complexes produced by fungi isolated from common ragweed
possess a wide spectrum biological activity which may have potential as mycoherbicides.

Keywords: Parasitic weeds, strigolactones, weed biocontrol, Fusarium, Trichoderma

Keywords: Common ragweed, biocontrol, biorational herbicides, extracts
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Bioactive substances from Marsilea crenata as allelopathic studies (588)
Md. Shafiqul Islam (Faculty of Agriculture, Kagawa University, Miki, Kagawa, Japan),
Arihiro Iwasaki (Faculty of Science and Technology, Keio University, Yokohama, Kanagawa,
Japan), Kiyotake Suenaga (Faculty of Science and Technology, Keio University, Yokohama,
Kanagawa, Japan), Hisashi Kato-Noguchi (Faculty of Agriculture, Kagawa University, Miki,
Kagawa, Japan)
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Plant-associated bacteria as biocontrol agents against weeds (569)
Friederike Trognitz (AIT Austrian Institute of Technology GmbH, Tulln, Austria),
Siegrid Widhalm (AIT Austrian Institute of Technology GmbH, Tulln, Austria),
Stéphane Compant (AIT Austrian Institute of Technology GmbH, Tulln, Austria),
Abdul Samad (AIT Austrian Institute of Technology GmbH, Tulln, Austria), Livio Antonielli
(Health&Environment, Tulln, Austria), Angela Sessitsch (AIT Austrian Institute of Technology
GmbH, Tulln, Austria)

Plant allelopathy provides sustainable options to manage weeds and considering as
a replacement of herbicidal control in present agriculture. Marsilea crenata, a fern of
Marsileaceae family, was investigated in current research to find out its allelopathic properties
and allelopathic active substances. Aqueous methanol extracts of dried M. crenata (leaves
and shoots) were applied at diﬀerent concentrations on crops [cress (Lepidum sativum
L.), lettuce (Lactuca sativa L.), alfalfa (Medicago sativa L.), rapeseed (Brassica napus L.)], and
weeds [Italian ryegrass (Lolium multiflorum Lam.), barnyard grass (Echinochloa crus-galli L.),
timothy (Phleum pratense L.), sand fescue (Festuca megalura Nutt.)] test species. A significant
inhibition was observed on the seedling growth of all test species. Inhibitions were increased
with increasing extracts concentrations and root growth was more sensitive than shoot
growth. The results imply, M. crenata may have allelopathic properties and may possess
allelopathic substances. The extract was then neutralized at pH 7.0 with 1M phosphate
buﬀer and partitioned against an equal volume of ethyl acetate. The ethyl acetate fraction
was subsequently purified by a column of silica gel, Sephadex LH-20, C18 cartridge and HPLC
with measuring bioactivity in each step. One substance was isolated from M. crenata and
its structure was identified by spectroscopic analysis as loliolide. Loliolide inhibited shoot
and root growth of cress and barnyard grass at concentrations greater than 3 and 30 μM
respectively. The concentrations required for 50% inhibition of shoots and roots of cress
were 21.3 and 45.9 μM, respectively, and for barnyard grass 176.2 and 55.7 μM, respectively.
The result suggests, inhibitory activities of M. crenata on test species may be caused by
the phytotoxicity of loliolide. Therefore, Marsilea crenata could be a representative to
develop biological weed control method as well as may contribute to know the crop-weed
interactions in allelopathic arena.

Resistance to all major modes of herbicide action is increasing in weeds and threatening
the eﬃcacy of weed management in agriculture. There is an urgent need to develop novel
types of herbicides.The vast majority of microbes in the environment are unknown and
represent a major reservoir of new bioactivity including herbicidal activity. The use of
microbes with herbicidal activity is a novel approach, which likely involves novel modes
of action that do not cause environmental contamination. By definition, biological control
methods rely on microbes or natural compounds to reduce population density of another
organism. Three diﬀerent major types are classified: The conservation of natural enemies,
the classical biocontrol and the augmentation or inundative approach. The latter method
refers to all forms of biological control in which natural enemies are applied periodically at
the time when weeds cause the problems analogous to the use of herbicides. The control is
usually transient and re-applications are required in the contrast to the classical biocontrol.
The success of a biocontrol agent depends on its suitability for mass production and its
eﬃcacy in the field. Millions of microbes inhabit the rhizosphere, the phyllosphere and the
plant interior, where they form complex microbial communities. The interaction between
microorganisms and plant can be mutualistic, neutral or deleterious. Microorganisms may
show dose-dependent eﬀects such as some weed-associated microorganisms, which may
exert pathogenic eﬀects on their host when present in high cell numbers. Along these lines
we isolated plant-associated bacteria from two diﬀerent weeds (Ambrosia artemisiifolia L.
and Lepidium draba L.) and tested their eﬀects on their hosts. We identified several strains,
which reduced germination and growth in weeds. Further experiments on their eﬀects on
non-target plants and the mechanisms involved are on-going and will be discussed.

Keywords: Marsilea crenata, Allelopathy, Loliolide, Weed Management

Keywords: Ambrosia, bioherbicide, endophytes
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The infection process of Alternaria sonchi on Sonchus arvensis (383)
Anna A. Dalinova (All -Russian Research Institute of Plant Protection, Saint-Petersburg, Russian
Federation), Alexander A. Berestetskiy (All -Russian Research Institute of Plant Protection,
Saint-Petersburg, Russian Federation)
Alternaria sonchi is a fungal pathogen of sowthistle (Sonchus arvensis). It causes foliar
necrosis and has been evaluated as a candidate biological control agent for this weed. Our
research focused on the characterization of the infection process. Leaf discs of S. arvensis
were inoculated with conidial suspensions of the fungus. Inoculated discs were incubated at
6, 24 and 33°C under high relative humidity (>95%) and diﬀerent light regimes (continuous
dark, dark / light, continuous light). Leaf discs of non-host plants (Cirsium arvense, Arabidopsis
thaliana, and Elytrigia repens) were also inoculated. The infection process was investigated by
light microscopy from 4 to 48 h after inoculation. The conidia germinated at temperatures of
12–33°С. Under optimal conditions (24°С, continuous dark), the germ tubes had penetrated
the leaves of sowthistle 4–8 h after inoculation. Penetration was via the cuticle at the
conjunction of epidermal cells. Continuous light exposure and suboptimal temperatures
reduced penetration. The conidia also germinated well on leaves of non-host plants;
however they did not cause infection. Conidiation on sowthistle leaf discs was observed 48
h after inoculation. Fast death of the host-plant epidermal cells at the penetration sites was
the result of phytotoxic compounds produced by the fungus. We showed that the fungus
produced a number of phytotoxic compounds in solid substrate culture. In further work we
plan to assess phytotoxin production by conidia during germination to clarify the role of
phytotoxins in the infection process of A. sonchi on sowthistle.
Keywords: Alternaria sonchi, Sonchus arvensis, biological control of weeds
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Striga biocontrol: A readily deployable and inexpensive method for smallholder
farmers (839)
David C Sands (Montana State Univ, Bozeman, Montana, United States), Henry S Nzioki
(KALRO, Katumani,, Kenya), Florence Oyosi (Liberty Initiator‘s Network, Ekwanda, Kenya),
Claire S Baker (Biotech Investments, Bozeman, Montana, United States)
Striga hermonthica (witchweed) is a parasitic weed that attacks and significantly reduces
the yields of maize, sorghum, millet and sugarcane throughout sub-Saharan Africa. Low
cost management methods such as hand weeding, short crop rotations, trap cropping,
or conventional biocontrol have not been eﬀective. Likewise, striga-tolerant or herbicideresistant maize varieties are higher yielding, but are often beyond the economic means of
sustenance farmers. The fungal pathogen Fusarium oxysporum f.sp. strigae has been the
object of numerous studies to develop striga biocontrol. Under experimental conditions
this pathogen can reduce the incidence of striga infestation but field use is not extensive,
perhaps because it has not been suﬃciently eﬀective in restoring crop yield and reducing
the soil striga seed bank. Kenyan and US crop scientists with smallholder farmers developed
and validated an eﬀective biocontrol strategy for management of striga on smallholder
farms. Key components of this research project were: 1. Development of a two-step method
of fungal delivery, including laboratory production of primary inoculum on toothpicks,
followed by on-farm production of secondary field inoculum in boiled rice enabling delivery
of vigorous, fresh inoculum directly to the seedbed; 2. Training of smallholder farmers (85%
women, expanding from 30 smallholder famers to a two-season, year-long, 500-farmer
paired plot trial) to produce and incorporate the biocontrol agent into their maize plantings
in striga-infested soils, including paired control plots and collection of agronomic data; 3.
Concerted selection of variants of the pathogen that specifically enhanced virulence to striga
via excretion of certain amino acids without harming the crop. This strategy resulted in an
average maize yield increase of 56.5% in the long rains season and 42% in the short rains
season. The eﬃcacy of the biocontrol agents can be enhanced by selection of amino acid
excretion traits.
Keywords: Striga, Fusarium oxysporum, Biocontrol, Virulence enhancement, Amino acid
excretion
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Macalpinomyces neglectus and Ustilago trichophora as potential agents for Setaria
pumila and Echinochloa crus-galli biocontrol (347)
Josef Holec (Czech University of Life Sciences Prague, Prague 6 – Suchdol, Czech Republic),
Evženie Prokinová (Czech University of Life Sciences Prague, Prague 6 – Suchdol, Czech
Republic), Martina Fikrová (Czech University of Life Sciences Prague, Prague 6 – Suchdol, Czech
Republic), Josef Soukup (Czech University of Life Sciences Prague, Prague 6 – Suchdol, Czech
Republic)
Echinochloa crus-galli and Setaria pumila are the two most important panicoid grass weeds
on arable land in the Czech Republic. During the past 5 years, infestation of the smuts
Ustilago trichophora on E. crus-galli (2011-2013) and Macalpinomyces neglectus on S. pumila
(2014-2015) were observed in selected areas. The frequency of parasitized plants in the
population and the eﬀect of mycoparasites on the host plants were recorded. Four locations
were found where U. trichophora occurred and across these locations the frequency of
infested E. crus-galli plants was 0.49 %. Usually only the stem of one tiller per plant was
infected and the infection did not visually aﬀect the plants’ growth or reproduction. In the
case of M. neglectus occurrence on S. pumila, there was a higher frequency of infected plants
in 2014 compared to 2015 across the 5 locations where the fungus was observed. While the
growth of host plants was not aﬀected, seed production of infected plants dropped to zero
as a result of systemic infection of inflorescences. The frequency of infected S. pumila plants
was 40 – 55 %, but plants of S. pumila in neighbouring fields were showing no infection
at all. The eﬀect of U. trichophora on E. crus-galli was relatively low as a result of the low
frequency of parasite occurrence and the low eﬀect on the growth and reproduction of the
host. Similarly, M. neglectus does not aﬀect the growth of its host, S. pumila, but in contrast,
it did significantly reduce reproduction in this weed. As a potential biocontrol agent, while
it would not decrease the competitive ability of S. pumila, it would decrease the numbers of
this weed’s seeds in the field and this could result in fewer seedlings in subsequent years.
Keywords: Biological weed control, weed pathogen, smut, panicoid grass
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The potential of the heterothallic leaf-spot, Mycospharella polygoni-cuspidati,
for control of Japanese knotweed (329)
Daisuke Kurose (CABI Europe-UK, Egham, UK), Naruto Furuya (Kyushu University, Fukuoka,
Japan), Kenichi Tsuchiya (Kyushu University, Fukuoka, Japan), Seiya Tsushima (National
Institute for Agro-Environmental Sciences, Tsukuba, Japan), Harry C Evans (CABI Europe-UK,
Egham, UK), Marion K Seier (CABI Europe-UK, Egham, UK)
Japanese knotweed (Fallopia japonica) is a serious invasive weed in North America and
across Europe. In the UK, where the costs of control and impacts are considerable, research
into a biological management strategy has been underway. The psyllid, Aphalara itadori,
was approved for release against Japanese knotweed in the UK in 2010, and the fungus
Mycosphaerella polygoni-cuspidati was also prioritised as a potential second biological
control agent for the weed, based on field observations of impact and subsequent specificity
screening in quarantine. Ascospores produced in pseudothecia constitute the primary
infection pathway of the pathogen and are readily observed on leaf-spotted knotweed leaves
in the field in Japan. However, pseudothecial development on artificial media or inoculated
plants has not been achieved in the lab so far. In order to elucidate the life cycle of the
pathogen, the mating-type genes were investigated in this study. The cloning and sequencing
of mating-type genes of the pathogen revealed that each isolate contained either a MAT11-1 or MAT1-2-1 gene which encoded an α-box or a HMG-box domain, respectively, which
suggests that M. polygoni-cuspidati is heterothallic. In addition, a multiplex PCR assay using
MAT-specific PCR primers designed in the present study was established for rapid mating-type
determination. Both mating types were naturally distributed, approximately at a ratio of 1:1,
in the same population of infected Japanese knotweed. These results will provide valuable
information to further pursue the induction of pseudothecia and ascospore production in
vitro and on inoculated plants. In addition to ascospores as infective propagules, mycelial
fragments of M. polygoni-cuspidati mass produced in artificial medium have been shown
to be infective to Japanese knotweed causing comparable symptoms of disease. Based on
these traits of the Mycosphaerella leaf-spot, this paper will discuss options for the use of this
pathogen as a control agent for Japanese knotweed.
Keywords: Fallopia japonica, biological control, plant pathogen, mating type, mycoherbicide
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Eﬀect of diﬀerent soil tillage on soil seed bank in long-term trial in the Czech
Republic (815)
Vladimir Smutny (Mendel university in Brno, Brno, Czech Republic), Lenka Porčová (Mendel
university in Brno, Brno, Czech Republic)
Long-term field trial was established on the experimental field station in Žabčice (South
Moravia, Czech Republic) in 2003, which is as a model concept for farming with animal
husbandry. The principle of this experiment is a 7-year crop rotation (alfalfa, alfalfa, winter
wheat, silage maize, winter wheat, sugar beet, sprig barley). This paper evaluates the impacts
of diﬀerent soil tillage (conventional, minimum and no-tillage) with the livestock production
management at the most important species of soil seed bank in this area. The evaluation was
conducted in the years 2004, 2007 and 2015. Herbicide application was done on occurred
weeds every year during whole period of investigation. Our attention was focused on the
most frequent weed species in trial, the genus of Amaranth (Amaranthus spp.) and fat-hen
(Chenopodium album L.). Soil samples were taken from all variants of tillage in horizon 0
– 0.3 m by probe. Samples of dry soil weighing 200 g were elutriated with the vibratory
sieve shaker ANALYSETTE 3 on a metal sieve with 0.25 mm openings with a mild flow of
running water. Only mechanically undamaged seeds (entire) were counted. Kruskal-Wallis
non-parametric test was used for evaluation of results. No any statistically diﬀerences were
found out among variants of soil tillage in diﬀerent years in amount of seeds of Amaranthus
spp. and Chenopodium album in diﬀerent soil depth (0 – 0.1; 0.1 – 0.2 and 0.2 – 0.3 m). The
highest number seeds of Amaranthus spp. were in 2007 and the lowest in final observation
in 2015, when the highest seed reduction was in no-tillage variant. In case of Chenopodium
album, number of seeds decreased gradually in time. In 2015 number of Chenopodium seeds
were comparable among all variants of soil tillage. This paper was prepared with financial
support of the projects no. QJ1530373 and QJ1210008.
Keywords: Soil tillage, weed seed bank, long-term trial
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Eﬃcacy of Phoma macrostoma and thaxtomin a on perennial broadleaf weeds in turf
(396)
Joseph C Neal (North Carolina State University, Raleigh, United States), Christopher D Harlow
(North Carolina State University, Raleigh, United States), Rocco Schiavone (North Carolina State
University, Raleigh, United States)
Experiments evaluated eﬃcacy of post-emergence applications of bioherbicides on
perennial broadleaf weeds in turf. Tests were conducted at North Carolina State University,
USA, in established low-maintenance Cynodon dactylon turf infested with perennial
broadleaf weeds including Trifolium repens, Taraxacum oﬃcinale, and Dicondra carolinensis.
Treatments included Phoma macrostoma at 6500 and 13000 macrocidin units (mu)/m2,
the phytotoxin thaxtomin A (MBI-005) at 190 and 380 g ai/ha and FeHEDTA at 29.6 and
59.1 kg ai/ha. Experiments included an industry standard synthetic auxin herbicide (2, 4-D
+ MCPP [mecoprop] + dicamba). Phoma macrostoma treatments were made using handheld shaker jars. Thaxtomin A and FeHEDTA were applied with a CO2 pressurized backpack
sprayer calibrated to deliver 280 or 930 L/ha, respectively. For each bioherbicide, weed
control was improved by multiple applications. P. macrostoma reduced T. repens and
D. carolinensis ground cover by over 89%, equivalent to the industry standard herbicide.
Thaxtomin A caused temporary discoloration of D. carolinensis but did not reduce percent
cover. Percent cover of T. repens increased in areas treated with Thaxtomin A, possibly due
to “release” from competition with other weeds. T. oﬃcinale was controlled 74% by a single
application of P. macrostoma at 13000 mu/m2. The high dose of thaxtomin A provided about
50% control of seedling T. oﬃcinale in pot trials, but less than 20% control of established
plants. Combining P. macrostoma and thaxtomin A improved control of seedling T. oﬃcinale
in potted-plant tests, but did not enhance control of established weeds in the field. FeHEDTA
applications caused rapid foliar necrosis of the three weed species. T. oﬃcinale exhibited
high levels of mortality from FeHEDTA treatments, but T. repens and D. carolinensis recovered
in the spring following autumn treatments. These data are consistent with prior reports that
have documented selective control of certain dicot species with these bioherbicides.
Keywords: Biocontrol, turfgrass, Phoma macrostoma, Thaxtomin, FeHEDTA
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Foliar spray applications with Phoma macrostoma for control of Taraxacum oﬃcinale
(22)
Karen L. Bailey (Agriculture & Agri-Food Canada, Saskatoon, Canada), Russell K. Hynes
(Agriculture & Agri-Food Canada, Saskatoon, Canada), Jo-Anne Derby (Agriculture & Agri-Food
Canada, Saskatoon, Canada), Dan Hupka (Agriculture & Agri-Food Canada, Saskatoon, Canada)
Phoma macrostoma 94-44B is registered as a granular-applied bioherbicide that is made
using a solid state fermentation process and used for pre- and post-emergent control
of broadleaved weeds in turfgrass in Canada and the USA. This study hypothesized that
submerged liquid fermentation produces an active ingredient that provides an equivalent
reduction of weeds as the Phoma granule. The experiment compared a one-time postemergent application of the Phoma granule, Phoma liquid, Phoma liquid + 1% Silwet, 1%
Silwet alone, and Killex® (a standard herbicide for broadleaved weeds) to naturally
established Taraxacum oﬃcinale (dandelion) in turf. The concentration of the Phoma active
was the same for granule and liquid, but was applied once instead of twice as per the label
rate for a post-emergent granule application. Killex was applied once as per label rate. The
plots were rated at 0, 2, 4 and 8 wk after application for photobleaching in the weeds and
turf caused by the Phoma and for % weed cover. Weed reduction was calculated relative to
the Silwet control. Turfgrass vigor was also monitored. Dandelion was reduced by 80% with
Killex, 75% with Phoma liquid + 1% Silwet, 60% with Phoma granule, and 50% with Phoma
liquid. Silwet alone did not reduce dandelion and weed cover increased with time under this
treatment. Photobleaching only occurred in dandelion treated with Phoma. Turfgrass was
reduced in vigor by Killex but recovered by the end of the test. Phoma and Silwet did not
reduce turfgrass vigor. A single application of Phoma + 1% Silwet provided similar reduction
in weeds as Killex and outperformed a single application (1/2X label rate) of the Phoma
granule. The results provide support for our hypothesis and indicate that a liquid-fermented
foliar spray formulation of P. macrostoma product would be a suitable alternative to the
existing granule.
Keywords: Bioherbicide, mycoherbicide, formulation, dandelion, turfgrass
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Classical weed biological control: the notable track record of pathogen agents
in Australia (754)
Louise Morin (Commonwealth Science and Industrial Research Organisation, Canberra,
Australia)
Classical biological control (CBC) oﬀers exciting opportunities for weed management and
has been extensively used in North America, South Africa, Australia, and New Zealand for
several decades. It involves the deliberate introduction of one or more host-specific natural
enemies of a target weed from its native range into the region where the plant has become
a problem. Once established in the field, biocontrol agents cause recurrent damage to
the weed, are self-sustaining and self-disseminating, and thus become a long-term weed
management solution without the need to be reapplied year after year. Plant-feeding insects
have traditionally been used as biocontrol agents, but since the 70s interest and use of plant
pathogens in weed CBC programs have steadily increased. Successful suppression of weed
populations by pathogens has been attributed to their ability to adapt readily to the new
environment into which they are introduced, their compatibility with the genotype(s) of the
weed and their ability to cause severe epidemics. The impact of three pathogens introduced
into Australia since 2000 will be discussed: (i) the rust fungus Puccinia myrsiphylli on bridal
creeper, Asparagus asparagoides (Asparagaceae); (ii) the white-smut fungus Entyloma
ageratinae on mistflower, Ageratina riparia; and (iii) the rust fungus Baeodromus eupatorii
on Crofton weed, Ageratina adenophora (Asteraceae). For example, percentage cover and
biomass of the weed mistflower at experimental sites were each reduced by more than 50%
within 12-18 months of establishment of the introduced pathogen. No non-target impacts
have ever been reported following introduction of pathogens for weed CBC in Australia.
In most programs, a close partnership with land managers has been crucial to streamline
delivery of introduced pathogens across the target weed’s range. With such a notable track
record in Australia, there is no doubt that pathogens should be more widely explored as
potential agents for weed CBC globally.
Keywords: Classical biological control, plant pathogens, environmental weeds, impact,
community engagement
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Raj R. Prasad: Bio-herbicides for integrated management of invasive weeds
in forestry (774)
Raj R. Prasad (Retired scientist, Pacific Forestry Centre, Victoria, B.C., Canada)
Exotic invasive weeds pose a serious threat to forested and other landscapes in southern
British Columbia. Of importance are scotch broom (Cytisus scoparius), gorse (Ulex europaeus),
Himalayan blackberry (Rubus armeniacus), English ivy (Hedera helix) and daphne surge (Daphne
laureola). They were introduced as ornamentals in the last century or later and since then
have invaded forests, thousands of hectares of urban lands, parks, right-of-ways, roadsides
and are displacing/damaging the native species. Gorse is also associated with forest fires
because its dried biomass with volatile oils, high fuel-load is highly combustible. Field
experiments were carried out to control it by a chemical herbicide (triclopyr), a new
formulation of a bio-herbicide (Chondrostereum purpureum), a manual cutting method and
uses of a mulch. The herbicide (480 gm/L) and the bio-herbicide formulation (with active
mycelia and adjuvants to prolong shelf-life) were applied by a squeeze bottle (3 ml/cut stem).
The black mulch was a commercial plastic sheet, fitted to cover the entire cut stem surfaces
devoid of light and small animal nests. Eﬃcacy was measured by the degree of re-sprouting
of the cut stems by which gorse propagates. Details are described in the poster. Results
showed that the integrated approach with application of the herbicide, a new formulation
of the bio-herbicide and mulching oﬀered a significant control in re-sprouting behavior of
the gorse. The new formulation of the bio-herbicide was patented in Canada and U.S.A.
and now an improved formulation (Chontrol) is widely used for vegetation management by
hydro, utility lines in Canada and U.S.A. Similarly two other bio-herbicides based on Fusarium
tumidum and Phomopsis species have been found to control scotch broom and Daphne
surge respectively.
Keywords: Chondrostereum purpureum
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Biological control – a potential solution for some of Europe’s most intractable weeds
(472)
Sonal Varia (CABI, Egham, UK), Djamila H. Djeddour (CABI, Egham, UK), Carol A. Ellison (CABI,
Egham, UK), Daisuke Kurose (CABI Europe-UK, Egham, UK)
The introduction of the EU Water Framework Directive (WFD) requires European waterways
to reach a ‘good ecological status’, a goal that is compromised by the presence of invasive
weeds. Conventional methods of control can face major challenges for several reasons,
including the restrictions of chemical use in or near water bodies, and the prolific vegetative
growth of these plants that can be exacerbated by manual control. In order to achieve the
aims of the WFD, the UK government has been funding CABI to investigate an alternative
method of control; classical biological control. Research has been undertaken to investigate
the potential for biological control of three non-native invasive riparian and aquatic weeds;
Impatiens glandulifera, Hydrocotyle ranunculoides and Crassula helmsii. The research for the
control of the riparian species, I. glandulifera is the most advanced of the three. In 2014, after
four years of safety testing, the rust fungus Puccinia komarovii var. glanduliferae became
the first fungal classical biological control agent to be released against a weed in Europe.
Updates on the research that has taken place since the initial release will be presented. For
H. ranunculoides, research is focussed on an Argentinian stem mining weevil, Listronotus
elongatus and for the control of Crassula helmsii, an Australian gall forming mite, Aculus sp., is
under investigation. The objectives in 2016 are to have drafted Pest Risk Analyses for these
two biocontrol agents, to present the results of rigorous specificity screening and to allow
the UK government to assess theirsuitability for release into the environment to control
these pernicious weeds. A summary of the research on these agents and future scope of the
projects will be presented.
Keywords: Weed Biocontrol, Impatiens glandulifera, Crassula helmsii, Hydrocotyle
ranunculoides
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Eﬀect of globe artichoke (Cynara cardunculus L.) aqueous extracts on hormone
homeostasis and α-amylase activity of Johnsongrass (Sorghum halepense) rhizomes
(781)
Adel Modhej (Islamic Azad University, Susangerd Branch, Susangerd, Iran), Rouzbeh Farhoudi
(Islamic Azad University, Shoushtar Branch, Shoushtar, Iran)
The allelopathic eﬀects of globe artichoke (Cynara cardunculus L.) on growth, lipid
peroxidation, and hormonal content of Johnson grass (Sorghum halepense) rhizomes were
assessed. Treatments consisted of globe artichoke aqueous extracts used as irrigating water.
The results showed decreased seedling fresh biomass, shoot height, α-amylase activity,
indole acetic acid concentration, and gibberellin concentration of Johnson grass rhizomes
with increasing globe artichoke extract concentrations. The lowest α-amylase activity (1.33
nmol g rhizome min-1) and concentration of indole acetic acid (74.2 μg g-1), and gibberellin
(108.2 μg g-1) in Johnson grass rhizomes was obtained when 100% aqueous extract of globe
artichoke was applied. Malondialdehyde and abscisic acid concentrations (0.77 μmol g-1 FW
and 151.3 μg g-1, respectively) in the rhizome were the highest when seedlings were treated
with 100% aqueous extract of globe artichoke. There were significant negative correlations
between globe artichoke total phenolic content with indole acetic acid content (r = – 0.83),
gibberellin content (r = – 0.75), α-amylase activity (r = – 0.84) and seedling weight (r =-0.79)
in Johnson grass rhizomes. Thus, globe artichoke extract inhibited Johnson grass rhizome
growth via increased lipid peroxidation and decreased plant hormonal activities such as
indole acetic acid and gibberellin.
Keywords: Cynara cardunculus, Abscisic acid, Antioxidant
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Practical use of brassicas in weed control (718)
Ahmet Uludag (Duzce University, Duzce, Turkey), Ilhan Uremis (Mustafa Kemal University,
Hatay, Turkey)
Brassica species are well known for their alleopathic aﬀects. The weed control potential
of the garden radish (Raphanus sativus) has been studied in Turkey since the1990s and in
earlier times it had been used in cotton fields to control johnsongrass. Our studies show
that several weed species can be controlled with garden radish in several crops. Field
studies showed that the radish can be useful for weed control when grown as a crop within
a rotation plan of diﬀerent crops and when grown as a companion crop. We have shown
that other brassica species may also control johnsongrass and some other weed species.
Our results suggest that garden radish and other brassicas have a potential role to play in
an integrated weed management programme in many cropping systems.
Keywords: Garden radish, brassicas, johnsongrass, extension, IWM
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Probing a fungal phytotoxin, phaeosphaeride A, as a biorational herbicide (438)
Alexander Berestetskiy (All-Russian Institute of Plant Protection, Saint-Petersburg, Russian
Federation), Ekaterina Poluektova (All-Russian Institute of Plant Protection, Saint-Petersburg,
Russian Federation), Ksenia Bolshakova (All-Russian Institute of Plant Protection, SaintPetersburg, Russian Federation), Victoria Abzianidze (Research Institute of Hygiene,
Occupational Pathology and Human Ecology, Saint-Petersburg, Russian Federation)
Phaeosphaeride A (PhA) was identified to be a major compound from a solid state culture
of Paraphoma sp. VIZR 1.46 isolated from leaves of Canada thistle (Cirsium arvense). This
compound is structurally related to a known phytotoxin triticone A and demonstrated nonhost specific phytotoxic activity by a leaf disc-puncture bioassay at the concentration 1-3 mM.
We evaluated herbicidal potential of phaeosphaeride A (phA) by examining production and
application of this fungal phytotoxin and its safety aspects. A simple HPLC technique for
detection of PhA in solid substrates (pearl barley, rice and millet) was developed. It allowed
the detection of PhA at a level about 1 mg/kg of the substrate with >85% recovery. Maximal
yield of the phytotoxin (> 1.5 g/kg) was found in one-month cultures of Paraphoma sp. on
pearl barley. The high yield of PhA allowed the synthesis of a number of its derivatives
to confirm the structure and locatereaction centers. The addition of some commercial
adjuvants (Biopower, Trend-90 and Hasten) at the final concentration of 0.1% into 0.1%
solution of PhA dramatically increased the phytotoxic activity of the compound on intact
leaf segments of C. arvense and Elytrigia repens. At the concentration of 0.5%, crude fungal
extract containing about 50% of PhA caused fast, full mortality of Canada thistle plants at the
rosette stage. Finally, PhA was shown to be an ecologically safe substance. The culture of the
infusorium, Colpoda steinii was slightly sensitive to PhA at the concentration of 0.1 mg/mL.
PhA was non-toxic to 10 bacterial and fungal species at the concentration of 100 mkg/disc.
In conclusion, it is important that the application technique of PhA be further optimized to
decrease its eﬀective concentration. In the case of success, PhA can be a promising active
ingredient for the development of a novel biorational herbicide.
Keywords: Biorationals, natural herbicide, phaeosphaeride A
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Phytotoxic activity of leaf extracts of Bidens sulphurea on germination and seedling
growth and composition (659)
Bruna P. Silva (UNESP – campus Jaboticabal, Jaboticabal, Brazil), Mariluce P. Nepomuceno
(UNESP – campus Jaboticabal, Jaboticabal, Brazil), Rosa M. Varela (Universidad de Cádiz,
Puerto Real, Spain), José M. G. Molinillo (Universidad de Cádiz, Puerto Real, Spain),
Pedro Luis C. A. Alves (UNESP – campus Jaboticabal, Jaboticabal, Brazil), Francisco A. Macías
(Universidad de Cádiz, Puerto Real, Spain)
Bidens sulphurea (Cav.) Sch. Bip. is a species that was introduced in Brazil as an ornamental
and became a problematic weed. This plant grows rapidly and is a dominant plant, probably
due to its allelopathic activity. This feature of B. sulphurea makes it a potential source of
natural herbicides. When isolated and characterized they can be used directly or synthesized
to new related compounds. This study was designed to evaluate the phytotoxic activity of B.
sulphurea extracts. We employed a reversed-phase column chromatography to fractionate
the dichloromethane leaf extract (previously evaluated as the most active), using water /
methanol: Fraction A (100% water), B (20, 40 and 60 % methanol), C (80% methanol) and
D (100% methanol). When wheat coleoptile bioassay was carried out, it was observed that
extracts B, C and D were more active. These extracts were tested on germination and growth
of seedlings of Standard Target Species (STS) (Lepidium sativum – cress, Lactuca sativa –
lettuce, Allium cepa – onion and Lycopersicum esculentum – tomato), as well as the weeds
Amaranthus viridis, Brachiaria decumbens, Echinochloa crus-galli and Panicum maximum, at
concentrations of 0.1, 0.2, 0.4 and 0.8 mg mL-1. We concluded that these fractions provoked
a significant reduction in all parameters evaluated in the STS and in the weeds; fractions
with B and C showing greatest activity. We highlight the inhibitory activity of fraction C on
germination and growth of root/shoot of A. viridis, with reductions over 90% at 0.8 mg mL1
, remaining 65% at 0.2 mg mL-1. Fraction C also showed selectivity to lettuce. From these
extracts, reynosin, costunolide and santamarin have been isolated as major components.
We can conclude that the high phytotoxic activity of this extract may be due to the presence
of these compounds, ensuring the establishment of B. sulphurea in the environment.
Keywords: Cosmos sulphureus, Allelopathy, Allelochemicals, Natural herbicides
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Potential biocontrol agents from the mycobiota of Schinus terebinthifolius collected
in its native range in Brazil: an overview (251)
Davi M Macedo (Universidade Federal de Viçosa, Viçosa, Brazil), Gregory S Wheeler (USDA, Fort
Lauderdale, United States), Robert W Barreto (Universidade Federal de Viçosa, Viçosa, Brazil)
Brazilian peppertree (Schinus terebinthifolius – Anacardiaceae) is a major ecosystem invader
in the United States (Florida, California and Hawaii), Australia, Mauritius and other oceanic
islands. It has been a target for biological control for half a century. Although a range of
arthropods have been investigated there has been few introductions and no example of
significant success after their release. The evaluation of microbial natural enemies, mostly
fungal pathogens, is relatively recent and also unraveled a long list of species. Several were
found to be new to science, demonstrating the lack of information on this diverse mycobiota.
Two have been selected and evaluated as potential biocontrol agents, namely the foliage
pathogens: Septoria sp. and Corynespora cassiicola f. sp. schini. A recent finding is that of
a new species of Claviradulomyces. This cryptic fungal species may be behind an ubiquitous
and highly debilitating die-back found in Brazil that may be the main factor that keeps this
species in control in the field in Brazil. Although challenging to manipulate it deserves the
attention of biocontrol scientists in the future. These and other fungal species and the
diseases they cause will be discussed. The study of the mycobiota of S. terebinthifolius is
a good example of the combination of the pratical search for biocontrol agents and the
expansion of the frontier of the knowledge about the world mycobiota.
Keywords: Fungi, biological control, plant diseases, tree invaders, biological invasions
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Kordyana brasiliensis: the new biocontrol promise against the invasive weed
Tradescantia fluminensis (375)
Davi M Macedo (Universidade Federal de Viçosa, Viçosa – Minas Gerais, Brazil), Louise Morin
(CSIRO, Canberra, Australia), Robert W Barreto (Universidade Federal de Viçosa, Viçosa – Minas
Gerais, Brazil)
Wandering Jew or trad (Tradescantia fluminensis – Commelinaceae) is a major ecosystem
invader in New Zealand, Australia, Portugal and the United States. It forms dense mats
under the forest canopy interfering with nutrient cycling, establishment of seedlings of
native plants and ecosystem biodiversity. It is broadly acknowledged that biological control
is the only viable method of control capable of mitigating such invasions. The search for
arthropod and fungal natural enemies in the native range of T. fluminensis in Brazil started in
2003 and yielded numerous insects and fungi of interest for biological control. Three insect
species have already been released in New Zealand after detailed screening and safety
evaluation. Among fungal pathogens, the newly-described species Kordyana brasiliensis,
the agent behind a white smut-like disease of trad was selected for further evaluation. Its
safety in terms of host-specificity was demonstrated through a shade-house test involving
members of the Commelinaceae and other monocot families and also through spore-drop
tests under controlled conditions in Brazil and Australia. Its release in Australia and New
Zealand now depends on the availability of funding for the final stage of evaluation and
reporting. It is expected that the taxonomic aﬃnity of Kordyana with Entyloma, the agent of
white smut of mistflower (Ageratina riparia) that has proved so successful in New Zealand,
and the similarity of the diseases caused by these two fungi, will also prove equivalent in
terms of their impact on the target-weed after release in Australia and New Zealand.
Keywords: Biological invasions, Plant pathology, Taxonomy
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Stimulant dependent host specificity of root parasitic weeds (Phelipanche
and Orobanche spp.) (652)
Dina Plakhine (Newe Yaar Research Center, Agricultural Research Organization (ARO), Ramat
Yishay, Israel), Daniel M Joel (Newe Yaar Research Center, Agricultural Research Organization
(ARO), Ramat Yishay, Israel), Yaacov Tasmor (Newe Yaar Research Center, Agricultural Research
Organization (ARO), Ramat Yishay, Israel), Hailey Larose (College of Agriculture and Life
Sciences, Virginia Tech, Blacksburg, United States), James Westwood (College of Agriculture
and Life Sciences, Virginia Tech, Blacksburg, United States), Xie Xie (Utsunomiya University,
Utsunomiya, Japan), Koichi Yoneyama (Utsunomiya University, Utsunomiya, Japan),
Hanan Eizenberg (Newe Yaar Research Center, Agricultural Research Organization (ARO),
Ramat Yishay, Israel)
Broomrapes are among the most economically damaging parasitic weeds, posing major
constraints on the productivity of important crops. We examined the germination response
specificity in three broomrape species by quantifying their ability to germinate in the
rhizosphere of sunflower and of tomato, examining their germination response to root
extracts of these crops, and developing their dose response curves with strigolactones
(SLs) and sesquiterpene lactones (STLs), which are known to be exuded from host roots.
We further computed the germination rate log of the median eﬀective dose (ED50) values
for each stimulant/parasite combination, which enabled classifying the parasites’ response
to stimulants into specificity groups. Response to stimulants exhibiting very low ED50 rates,
ranging 10-11M to 10-10M, is highly specific; response to stimulants with ED50 between 10-10M
and 10-8M has low specificity, while lower ED50 values considered non-specific. Accordingly,
the Orobanche cernua response to the SLs orobanchol, 2‘epiorobanchol, 5-deoxystrigol
and fabacyl acetate was highly specific, consistent with the extract profile of tomato and
other Solanaceae crops that serve as its common hosts and with its germinability in their
rhizosphere. There was no O. cernua response to the examined STLs dehydrocostus-lactone
and costunolide, which are exuded from sunflower roots. O. cumana, a specific parasite
of sunflower, does respond to these STLs at high specificity and uniquely germinates in
the sunflower rhizosphere. O. cumana response to the examined SLs was less specific.
Phelipanche aegyptiaca has a much wider host range, parasitizes both sunflower and
Solanaceae crops, and has higher ED50 rates indicating its less specific response to the
examined stimulants. These results created precise tools to study germination specificity
mechanisms of the above broomrape species.
Keywords: Broomrape, Dose response, Stimulants, Sesquiterpene lactones, Strigolactones
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Eﬀect of aboveground and underground insects on Cirsium arvense growth
from the native and invasive area (720)
Ines Abela Hofbauerova (Czech Academy of Science, Průhonice, Czech Republic)
This work studied the eﬀect of single natural enemies and their combinations on Cirsium
arvense on plants from the native and invasive ranges. To do this we performed a common
garden experiment. Herbivore insects were added to Cirsium arvense was planted in March
2008 from seeds collected in USA (invasive range) and Europe (native range). The treatments
where aboveground insects were added included leaf herbivores, stem herbivores and
floral/seed head herbivores, individually and in combination. Another treatment simulated
root herbivory. Soil nutrients were manipulated to study how herbivores aﬀected plant
performance. Our hypothesis was that plants from the invasive range would suﬀer less
and be bigger than those from the native range, as the Enemy Release Hypothesis says.
We also supposed that plants growing in diﬀerent soil types would have a diﬀerent growth
and response to herbivory. In plants with the addition of all aboveground insects (Cassida
rubiginosa, Urophora cardui, Rhinocyllus conicus), aboveground biomass, number of flower
heads and flower head biomass were higher, but this diﬀerence was larger in 2008 than in
2009 and larger in the native range than in the invasive. Flower head biomass and number
of flower heads were not significantly diﬀerent in combination with all aboveground insects
as compared to single insect additions. These results partially support the complementary
herbivore hypothesis since the eﬀect of adding insect groups was bigger than when insects
were added separately. The eﬀect was, however, not always significant suggesting that the
insects are complementary under some circumstances but not under others.
Keywords: Cirsium arvense, Rhynocillus conicus, Cassida rubiginosa, Cleonis pigra, native and
invasive range
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Herbicidal characteristics of secondary metabolites from Streptomyces sp. KRA14-329
and their possible mode of action (746)
Jung Sub Choi (Korea Research Institute of Chemical Technology, Daejeon, Korea),
Young Kwan Ko (Korea Research Institute of Chemical Technology, Daejeon, Korea),
Young Sook Kim (Korea Research Institute of Chemical Technology, Daejeon, Korea),
Hun Tak Sin (Korea Research Institute of Chemical Technology, Daejeon, Korea),
Kee Woong Park (Chungnam National University, Daejeon, Korea)

Phytotoxic metabolites produced by Phoma chenopodicola as potential natural
herbicides (595)
Marco Evidente (University of Naples Federico II, Naples, Italy), Maria C. Zonno (National
Research Council, Bari, Italy), Alessio Cimmino (University of Naples Federico II, Naples, Italy),
Maurizio Vurro (National Research Council, Bari, Italy), Alexander Berestetskiy (Russian
Academy of Agricultural Sciences, Pushkin, Saint-Petersburg, Russian Federation),
Antonio Evidente (University of Naples Federico II, Naples, Italy)

Approximately 600 Actinomycete strains were isolated from soil samples collected from
forests in Korea. The isolates were assessed for their herbicidal activities, and KRA14-329
was found to have strong herbicidal activity. Based on 16S rRNA gene sequence analysis
and morphological characteristics, KRA14-329 was confirmed to be Streptomyces sp. NMR
and ESI-MS analyses of the Streptomyces identified cyclohexamide compounds, 329-M1 and
329-M2, which contained glutarimide moiety in their structures. This study was conducted
to determine characteristics and mode of action of these two active herbicidal compounds
isolated from KRA14-329. To evaluate herbicidal activity of the isolates, 329-M1 and 329-M2
were applied at 62.5, 125, 500 μg mL-1 as a foliar application to four grass species, Sorghum
bicolor, Echinochloa crus-galli, Agropyron smithii, and Digitaria sanguinalis; and four broadleaf
species, Solanum nigrum, Aeschynomene indica, Xanthium strumarium, and Calystegia japonica.
Application of 329-M2 at 125 μg mL-1 provided complete control of broadleaf species by
seven days after treatment while, at 250 μg mL-1, it provided complete control of all treated
plants. Plants treated with 329-M2 showed visible symptoms of herbicidal eﬀect within
24 hours, starting with wilting which advanced to burndown followed by desiccation and
death. Levels of electrolyte leakage, chlorophyll contents, and malondialdehyde production
were measured in the 329-M2 treated plants and compared to those of plants treated with
non-selective herbicides, paraquat and glufosinate-ammonium. The eﬀects of 329-M2 were
found to be dose- and time-dependent in all three measurements and were approximately
half the levels of eﬀects caused by paraquat or glufosinate-ammonium. Thus, the herbicidal
action mechanism of 329-M2 does not appear to be direct disruption of cell membranes.
The results of this study showed that 329-M2 isolated from Streptomyces KRA14-329 has
potential as a biocontrol agent and may be used as a lead compound for development of
a natural herbicide.

Chenopodium album L., also known as common lambsquarters or fat hen, is a weed of arable
crops such as sugar beet and maize worldwide. Diﬃculties in managing this weed have
prompted interest in searching for alternatives, such as fungal pathogens as biocontrol
agents, or for their bioactive, secondary metabolites as novel natural herbicides. Phoma
chenopodiicola, a pathogenic fungus, has been proposed as a potential mycoherbicide
for the control of the weed. When grown in vitro, from the organic extract obtained from
the culture filtrates was isolated a new unrearranged ent-pimaradienediterpene, named
chenopodolin, which displays phytotoxic activity, causing necrotic lesions on leaves of fat
hen and of several other weeds. The structural features responsible for this activity were
highlighted by a structure-activity relationship study carried out with five toxin derivatives.
A successive investigation of the organic extract enabled us to isolate three new tetrasubstituted- furopyrans, named chenopodolans A, B and C, together with the well-known
fungal metabolite (-)-(R)-6-hydroxymellein. Additionally, three other metabolites were
isolated and named chenopodolin B, chenopodolan D and chenisocoumarine, being
structurally related to chenopodolin, chenopodalans and 6-hydroxymellein, respectively.
Furthermore, the organic extract showed phytotoxicity higher than that expected and upon
further analysis, we found other bioactive metabolites that may explain the high level of
phytotoxicity.
Keywords: Chenopodium album, Phoma chenopodiicola, fungal pathogen, bioactive
metabolites
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Phytotoxic metabolites produced by Colletotrichum gloeosporioides as potential
natural herbicides for the control of Ambrosia artemisiifolia (594)
Maria C Zonno (National Research Council, Bari, Italy), Maurizio Vurro (National Research
Council, Bari, Italy), Angela Boari (National Research Council, Bari, Italy), Alessio Cimmino
(University of Naples Federico II, Napoli, Italy), Marco Masi (University of Naples Federico II,
Napoli, Italy), Alexander Berestetskiy (Russian Academy of Agricultural Sciences, Pushkin,
Saint-Petersburg, Russian Federation), Antonio Evidente (University of Naples Federico II,
Napoli, Italy)

Phytotoxic activity of sesquiterpene lactones of Bidens sulphurea (660)
Mariluce P. Nepomuceno (UNESP – campus Jaboticabal, Jaboticabal, Brazil), Bruna P. Silva
(UNESP – campus Jaboticabal, Jaboticabal, Brazil), Rosa M. Varela (Universidad de Cádiz,
Puerto Real, Spain), José M. G. Molinillo (Universidad de Cádiz, Puerto Real, Spain),
Pedro Luis C. A. Alves (UNESP – campus Jaboticabal, Jaboticabal, Brazil), Francisco A. Macías
(Universidad de Cádiz, Puerto Real, Spain)

Ambrosia artemisiifolia L., (common ragweed) is a native to North America that has become
a widespread and troublesome invasive weed of cultivated and uncultivated areas all over the
World. Besides the diﬃculties of its management as a weed, the major concern is its pollen
grain that is carrier of noxious allergens which cause sensitization of the allergenic human
population, generating huge medical costs. Searching for alternatives to the classic methods
of controlling this weed, a strain of the fungal pathogen Colletotrichum gloeosporioides,
responsible for necrotic spots on A. artemisiifolia leaves and stems, was studied for the
possible production of toxic metabolites that might be used as natural herbicides against
the weed. When grown in a defined liquid medium the fungus produced phytotoxic filtrates
that were exhaustively extracted with EtOAc. The organic extract, retaining the phytotoxicity,
was purified by column chromatography aﬀording four phytotoxic fractions. The residues of
these four fractions were purified by several TLC steps yielding two pure metabolites. These
were assayed on punctured detached A. artemisiifolia leaves and induced wide necrosis
very similar to those caused by the pathogen; the same metabolites also on excised plants
showed high phytotoxicity.

Bidens sulphurea (Cav.) Sch. Bip. is a species introduced in Brazil, able to establish into
the environment as a dominant plant, due to its allelopathic potential. This attribute of B.
sulphurea is a potential source of natural herbicides (allelochemicals). Due to the activity
previously evaluated in dichlorometane leaf extract, we employed a reversed-phase
column chromatography, and isolated three sesquiterpene lactones as major components:
reynosin, costunolide and santamarin. Sesquiterpene lactones are one of the most abundant
families of natural products. These are found in plants mainly in the Asteraceae family,
which B. sulphurea belongs. It is widely reported in the literature that these compounds
have a variety of biological and pharmacological activities. When wheat coleoptile bioassay
was carried out, at concentrations of 1000, 300, 100, 30 and 10 μM, it was observed that
these three lactones showed inhibitory eﬀect on the elongation of wheat coleoptiles over
90% at the highest concentration, 1000 μM. Costunolide proved to be the most active one,
with a reduction of 88% even at a concentration of 100 μM. Phytotoxic study with these
sesquiterpene lactones is being carried out for evaluating germination and seedling growth
of Standard Target Species (Lepidium sativum – cress, Lactuca sativa – lettuce, Allium cepa
– onion and Lycopersicum esculentum – tomato) and weeds (Amaranthus viridis, Brachiaria
decumbens, Echinochloa crus-galli and Panicum maximum).

Keywords: Ambrosia artemisiifolia, Colletotrichum gloeosporioides, phytotoxins, biocontrol
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Insect as a biocontrol of Ambrosia artemisiifolia (484)
Peter Tóth (Slovak University of Agriculture in Nitra, Nitra, Slovakia), Heinz Müller-Schärer
(University of Fribourg, Fribourg, Switzerland)
Common ragweed (Ambrosia artemisiifolia) is an invasive alien species indigenous to North
America. Ragweed is a big threat to agriculture and has a serious impact on human health.
The species is an excellent target for biological control. However, impact of native herbivores
as well exotic ones in invaded areas is poorly known. We investigated the regional and
habitat diﬀerences in ragweed‘s insects during 2013-2015. The emphasis was to compare
the composition and structure of the herbivore communities among populations over
large areas (Slovakia, Italy, and Switzerland). Hereto, the identical sampling protocols were
used to survey insect across various populations. The field surveys were complemented
with open field simulating herbivory experiments in the garden. These field experiments
helped to detect impact on ragweed growth. In addition to the native herbivores, one
alien insect species was in the spotlight. The ragweed beetle, Ophraella communa LeSage
(Coleoptera: Chrysomelidae) is a North American species which was first time noted in North
Italy (Lombardia) and South Switzerland (Ticino). Most of the common ragweed populations
in this area are heavily attacked by O. communa. This species is regarded as a successful
biological control agent against A. artemisiifolia in China. However the threat to closely
related wild or crop species and the level of their damage under field conditions remain
unclear. Here we investigated the potential of O. communa to feed on non-target host
plants in the field. The most examined non-target plants were Artemisia vulgaris L., Conyza
canadensis (L.) Cronq., Helianthus annuus L., H. tuberosus L., Inula spp., Persicaria maculosa S.
F. Gray, Xanthium strumarium L. and Zea mays L.. All of the research topics will be discussed
and potential of insects for biological control highlighted. Financial support: Scientific Grant
Agency VEGA 1/0827/14 and COST action FA1203 SMARTER.
Keywords: Common ragweed, native herbivores, ragweed beetle, Ophraella communa,
herbivore communities
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Prospects of biotechnology in enhancing weed management (483)
Puja Ray (Presidency University, Kolkata, India, Kolkata, India)
Current applications of biotechnology in agriculture have already resulted in increased
yields, reduced pesticide use and saving of farmers‘ time and money by using techniques
like recombinant DNA, genetic engineering, tissue culture, clonal propagation. Currently
biotechnology also oﬀers promising approaches to solve emerging problems in weed
control. There is an enormous rush to discover eﬀective, economically feasible and
environment-friendly herbicides. Bioherbicides containing plant pathogenic viruses,
bacteria and fungi are often natural herbicides and eﬀective where weeds are augmented
by massive inoculation of the pathogen with enhanced disease-causing potential. Similarly,
naturally-occurring phytotoxic compounds derived from plants such as sorghum and
parthenium have allelopathic potential against weeds. Several biocontrol agents are being
used to control diﬀerent weeds. The application of biotechnology to enhance biocontrol
agents will undoubtedly lead to better control options that will compete successfully with
their chemical counterparts. Biocontrol agents may become more eﬀective, as well as safer,
when rendered hyper-virulent, yet non-problematic, by biotechnology. Application of tissue
culture and genetic engineering into plants to make them transgenic with resistance to
herbicide is a significant application of biotechnology in weed management. The particular
advantage that genetic engineering oﬀers is that the desired genes can be transferred
without co-transfer of undesired characters and it enables transfer of genes across species
barriers. Herbicide resistant crops containing transgenes that imparts resistance to nonselective herbicides such as glyphosate have been of considerable benefit. These products
help the farmers to eliminate use of some of the more environmentally unsafe herbicides
and use fewer herbicides to manage a spectrum of weeds. Thus application of biotechnology
holds great promise in improving already existing biocontrol practices as well as adding new
dimensions to the same.
Keywords: Enhancing biological control, biotechnology, bioherbicides
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Phytotoxic activity of selected medicinal and aromatic plants (MAP’s) (805)
Stella Provelengiou (Agricultural University of Athens, Athens, Greece), Elissavet Gavriil
(Agricultural University of Athens, Athens, Greece), Elpida Fanouriou (Agricultural University
of Athens, Athens, Greece), Petros Tarantilis (Agricultural University of Athens, Athens, Greece),
Garifalia Economou (Agricultural University of Athens, Athens, Greece)

Diﬀerential responses of Rubus armeniacus and R. praecox to rust disease
by Phragmidium violaceum in the USA (335)
William L Bruckart (US Department of Agriculture, Agricultural Research Service (USDA, ARS),
Ft. Detrick, Maryland, United States), Jami L Michael (US Department of Agriculture, Agricultural
Research Service (USDA, ARS), Ft. Detrick, Maryland, United States)

Medicinal and Aromatic plants (MAP’s) have received much attention as sources of biologically
active substances and for their useful bioactive compounds with particular emphasis on
their antifungal, cytostatic, insecticidal and herbicidal activities. The species of the botanical
genera Origanum and Corydothymus are widespread in the Mediterranean area. Both plants
produce hydrosols containing traces of bioactive essential oils. The aim of this study was to
evaluate the hydrosol phytotoxicity of the aforementioned MAP’s focusing on their potential
herbicidal use. Plant tissues (leaves, inflorescences) from Origanum vulgare spp. hirtum (L.)
Letsw. and Coridothymus capitatus (L.) Reichenb. fil.were collected at full blooming, air dried
and then subjected to hydrodistillation and chemotypical analysis of their essential oils. The
hydrosols and aqueous dilutions of 100%, 50%, 25%, 12,5%, 6,25%, 3,125% v/v were tested
for their phytotoxicity on the weed: Lolium multiflorum Lam. and on the bioindicators: Avena
sativa L. and Lemna minor L. Petri dishes incubating assays (with 3 replications) were used
to evaluate seed germination, the shoot and the radicle growth of Avena and Lolium and
the fronds growth of Lemna in aqueous culture on a daily basis for 10 days. Estimating the
Inhibitory Index (I 50%) based on dose response curves, Origanum hydrosol appeared to be
more phytotoxic compare to Coridothymus in both land species tested. Similarly, Lemna was
highly inhibited by Origanum hydrosol. The experiment was repeated with the same results.
Taking into account the increasing interest to obtain alternative new herbicidal agents for
weed control, the data showed that the MAP’s have potential as a new “phytochemical pool”
that would produce environmentally acceptable, natural, biodegradable compounds.

Five species of Rubus fruticosus Aggregate (Blackberry), i.e., R. armeniacus, R. praecox
(published as “R. anglocandicans”), R. laciniatus, R. vestitus, and R. ulmifolius, are established
along the West Coast of the United States (USA). The most widespread and invasive is R.
armeniacus, occurring all along the Pacific Coast. A second invasive cryptic species, R. praecox,
occurs commonly with R. armeniacus but only between northern California and Washington
State. In 2005, Phragmidium violaceum was discovered in Oregon causing a rust disease. It is
a candidate biological control agent for invasive blackberry in the USA, having been deployed
previously in Australia with some success. Anecdotal observations at the time of discovery
in the USA were that the disease had eliminated some blackberry thickets in Oregon. Even
so, blackberry remains invasive and not all individuals within remaining populations are
diseased. Objectives of this study were to determine the status of P. violaceum on invasive
blackberry in Oregon and thus its potential as a biological control agent. Morphological
characteristics useful in separating R. armeniacus from R. praecox facilitated field assessment
of disease at >30 sites in Oregon and interpretation of data from artificial, greenhouse
inoculation of blackberry collections from >15 representative sites by Elk River, Oregon with
P. violaceum. R. armeniacus was not diseased either in our greenhouse tests or in the field,
while R. praecox was. Thus, the most common species of invasive blackberry along the Pacific
coast of the U.S., R. armeniacus, is unlikely to be aﬀected by the rust disease in the USA.
Also susceptible in these tests was R. laciniatus; R. vestitus was diseased in the field but not
tested in the greenhouse. Not found in Oregon was R. ulmifolius. This is a critical first step
in developing biological control or other strategies for management of invasive blackberry.

Keywords: Phytotoxicity, hydrosols, Origanum, Corydothymus
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The bioactivity of phytotoxic compounds from, and mechanism of appressorium
formation in, Exserohilum monoceras on the leaf of Echinochloa crus-galli and Oryza
sativa (45)
Yong Chen (South China Agricultural University, Guangzhou, China), Xuefeng Shen (South
China Agricultural University, Guangzhou, China), Zhaoxia Dong (South China Agricultural
University, Guangzhou, China)
Barnyardgrass (Echinochloa crus-galli L.) is a problematic weed worldwide that reduces
the yield of rice (Oryza sativa L.). The fungus Exserohilium monoseras (Drechsler) Leonard
and Suggs is a potential biocontrol agent for the weed. The two aims of this study were
(i) to isolate and identify the phytotoxic compounds from E. monoceras strain X27 and (ii)
to determine the mechanism of appressorium formation on the leaves of barnyardgrass
and rice. The fungus was cultured in potato dextrose (PD) media. A crude extract of X27
fermentation filtrate (5.0 g/L) inhibited the barnyardgrass shoot growth by 95% and root
growth by 79%. The crude toxins in the fermentation filtrate were isolated using thin-layer
chromatography. Four compounds were isolated and identified by gas chromatographymass spectrometry (GC-MS); oleic acid amide (C18H35NO), dibutyl phthalate (DBP; C16H22O4),
stearic acid (C16H32O2), octadecanoic acid (C18H36O2). Of these 4 compounds, DBP showed
the greatest eﬀect, decreasing root growth by 84% and shoot growth by 76% at 1 g/L
concentration. At the 3~4 leaf stage of barnyardgrass and rice infected by E. monoceras, the
epicuticular wax was removed and analyzed by GC-MS. Four compounds were isolated and
identified; fatty acids, primary alcohols, aldehydes, alkanes. The alcohol (C32), aldehyde (C18)
and alkane (C33) were main constituents by 18.96%, 14.61% and 14.83% in barnyardgrass
epicuticular wax, and by 0.65%, 21.77% and 5.49% in rice. But alcohol (C30) was present
by 32.71% in rice epicuticular wax and by 9.43% in barnyardgrass. So, we suspect that the
aldehyde (C18) and alkane (C33) have an eﬀect on appressorium formation of E. monoceras in
barnyardgrass leaves.
Keywords: Echinochloa crus-galli, Exserohilum monoceras, Mechanism, Oryza sativa

471

Herbicidal characteristics of crude extracts of Cedrela sinensis for a potential
biocontrol agent (747)
Young Kwan Ko (Korea Research Institute of Chemical Technology, Daejeon, Korea),
Jung Sub Choi (Korea Research Institute of Chemical Technology, Daejeon, Korea),
Young Sook Kim (Korea Research Institute of Chemical Technology, Daejeon, Korea),
Jae Deok Kim (Korea Research Institute of Chemical Technology, Daejeon, Korea),
Kee Woong Park (Chungnam National University, Daejeon, Korea)
This study was conducted to determine the herbicidal characteristics of Cedrela sinensis
extracts. Crude methanol extracts of C. sinensis were applied to Digitaria sanguinalis as a postemergence foliar treatment at 2,500, 5,000, and 10,000 μg mL-1, and its herbicidal activity
was assessed 14 days after application. The extract provided 98, 100, and 100% control at
2,500, 5,000, and 10,000 μg mL-1, respectively. Treated plants showed injury symptoms such
as chlorosis and burndown followed by necrosis and eventual death. In another bioassay, C.
sinensis extracts were applied at 1,250, 2,500, 5,000, and 10,000 μg mL-1 to five grass species
and five broadleaf species. Fourteen days after application, C. sinensis extract at 10,000
ug mL-1 provided 100, 95, 30, 100, and 98% control of Sorghum bicolor, Echinochloa crusgalli, Agropyron smithii, Digitaria sanguinalis, and Panicum dichotomiflorum, respectively. On
broadleaf weeds, the extract provided 70, 100, 100, 90, and 95% control of Solanum nigrum,
Aeschynomene indica, Abutilon avicennae, Xanthium strumarium, and Calystegia japonica,
respectively. The extract showed strong herbicidal activity particularly on A. indica and A.
avicennae, providing 95 and 98% control, respectively, even at the lowest concentration of
1,250 μg mL-1. The methanol extract of C. sinensis was fractionated into hexane, ethyl acetate,
butanol, and water, and then the fractions were applied to D. sanguinalis. Out of the four
fractions, the ethyl acetate fraction yielded high levels of herbicidal activity, providing 80,
90, 95, and 98% control at 250, 500, 1,000, and 2,000 μg mL-1, respectively. It was identified
that the ethyl acetate fraction contained two known quassinoid compounds and two new
quassinoid compounds. The result of this study showed that C. sinensis extracts have
potential for use as a bioherbicide and that the two newly-found quassinoid compounds
may be used as lead compounds for development of a new herbicide.
Keywords: Cedrela sinensis, bioherbicide, quassinoid compounds, herbicidal activity
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Separation of flavonoid components from Mikania micrantha by high speed
countercurrent chromatography (829)
Yun Wei (Beijing University of Chemical Technology, Beijing, China), Juanqiang Wang (Beijing
University of Chemical Technology, Beijing, China), Shan Geng (Beijing University of Chemical
Technology, Beijing, China), Huiwen Zhang (Beijing University of Chemical Technology, Beijing,
China), Lingyuan Meng (Beijing University of Chemical Technology, Beijing, China)
Mikania micrantha is an invasive weed, however, this plant also produces bioactive compounds
which might be beneficial for the purpose of weed control. Flavonoid components from weeds
have considerable antibacterial bioactivities, and have been reported as allelochemicals.
High speed countercurrent chromatography (HSCCC) was developed in 1980s and has been
widely used for separation of natural products. HSCCC uses a type-J synchronous planetary
motion in a multilayer coil separation column. The column holder rotates about its own axis
and revolves around the centrifuge axis at the same angular velocity (ω) in the same direction.
This planetary motion prevents twisting the bundle of flow tubes allowing continuous elution
through a rotating column without risk of leakage and contamination. HSCCC technique
uses a two-phase solvent system made of a pair of mutually immiscible solvents, one used
as the stationary phase and the other as the mobile phase. Being a support-free liquidliquid partition chromatography, eliminates irreversible adsorption of sample onto the
solid support. This study examined whether HSCCC could separate flavonoids components
from Mikania micrantha. In this work, a two-phase solvent system composed of either ethyl
acetate-methanol-water (10:1:10, v/v) or n-hexane-ethyl acetate-methanol-water (1:1:1:1,
v/v) was used with HSCCC. Analytical HSCCC used a coil volume 40ml and column diameter
0.85mm, of which maximum injection volume was 100mg. Semi-preparative HSCCC used
a coil volume 220ml and column diameter 1.6mm, of which maximum injection volume
was 1000mg. As a result, the quantity of flavonoid components gained by semi-preparative
HSCCC was 5 times higher due to better resolution and bigger column volume. In addition,
astragalin, quercetin, luteolin, baicalein and kaempferol were obtained by semi-preparative
HSCCC with optimization using the two-phase solvent systems of n-butanol-acetic acidwater (4:1:5, v/v).
Keywords: Mikania micrantha, flavonoids, countercurrent chromatography
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Expression of genes encoding antioxidant enzymes in rice plants after application
of diﬀerent herbicides (388)
Daiane P Benemann (Federal University of Pelotas, Pelotas, Brazil), Marcos Nohato (Federal
University of Pelotas, Pelotas, Brazil), Cláudia Oliveira (Federal University of Pelotas, Pelotas,
Brazil), Luis A Avila (Federal University of Pelotas, Pelotas, Brazil), Leandro Vargas (EMBRAPA
wheat, Pelotas, Brazil), Dirceu Agostinetto (Federal University of Pelotas, Pelotas, Brazil)
The environmental stresses plant response is mediated regulation of gene expression.
A main abiotic stress occurring in diﬀerent cultures as well as weeds that infest agricultural
arable fields is herbicide applications. The chemical weed management is the main tool
adopted by farmers in rice fields, especially the use of post-emergence herbicides bentazone,
penoxsulam and cyhalofop-butyl. Thus, the objective was to verify the gene expression of
superoxide dismutase (OsSOD), catalase (OsCAT) and ascorbate peroxidase (OsAPX2) in rice
plants subjected to herbicides: bentazone (960g a.i ha-1), penoxsulam (60g a.i ha-1), cyhalofopbutyl (315g a.i ha-1) and control without application. Shoot collections rice were carried out at
diﬀerent times (12 and 24 hours after application (HAA). From the ΔCT values were calculated
the Relative Quantification values (QR), using the following formula QR = 2 –ΔΔCT, which were
submitted to analysis of variance and then the averages for herbicides factors and collection
times were compared by Tukey‘s test, with significance level of p ≤0.05. Relative to the target
gene OsSOD and OsCAT, there was interaction between herbicides and HAA and OsAPX2
was significant only for the HAA factor. For OsSOD and OsCAT gene expression was the
greatest when applied basagram 24 HAA (RQ = 6.29 and 3.43, respectively) diﬀering from 12
HAA (RQ =2.46 and 1.20, respectively). For SOD in 12 HAA period, the greatest expression
occurred when applied cyhalofop-butyl (RQ = 4.53) and bentazone (RQ = 6.29) 24 HAA.
In summary, the results indicated higher OsSOD and OsCAT expression after bentazone
treatment indicating increased oxidative stresse after application of this herbicide when
compared to penoxsulam and cyhalofop-butyl.
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