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CHAIRMAN’S COMMENTS
The year 2021 is another special year, and the COVID-19 is still prevailing, which reminds mankind
to pay more attention to the future of our global village. Two important conferences were held in
Yunnan, China and Glasgow, UK respectively: The Fifteenth Conference of the Parties to the
Convention on biological diversity (COP15) and the Twenty Sixth Conference of the Parties to the
United Nations Framework Convention on climate change (COP26 ), which were focusing on global
change. Our bioherbicide research community should vigorously develop weed biocontrol
technology to change the unsustainable situation caused by over-used chemical herbicides, and
contribute to the sustainable development of agriculture and stopping rapid global change. All the
meetings planned seem to have been postponed and the international academic exchanges had to
stop due to the pandemic. However, our community has been hard working and achieved remarkable
results. The time is going fast, and the year 2021 is closing the end. However, I expect to change
soon as the vaccine inoculation is getting popular. The year 2022 will be of full expectation. The
bioherbicide workshop, associated with the International Weed Congress, can be expected to be
held at the end of year 2022 when we are looking forward to meeting and exchanging face to face
safely and happily in the beautiful Bangkok, Thailand.
I greatly appreciate those who are active in the bioherbicide research field. Thanks to all who have
contributed to IBG during this period.
Wish you and your family healthy and prosperous in the new year!
Merry a Christmas and happy a New Year!

All the best,
Sheng Qiang, IBG Chairperson
December 19, 2021

BIOHERBICIDE RESEARCH
A new isolate of Colletotrichum acutatum for use in South Africa
By Marcelle Keet1, Lizel Mostert1 and Alan Wood2*
University, Faculty of AgriSciences, Department of Plant Pathology, Stellenbosch, South
Africa.
2ARC-Plant Health Protection, Stellenbosch, South Africa.
*Corresponding author: wooda@arc.agric.za
1Stellenbosch

An isolate of Colletotrichum acutatum was found to be specific to the invasive Hakea sericea
(Proteaceae) in South Africa, and not attack indigenous plants in this locally important family. This
isolate was developed as a mycoherbicide to use against this plant in the 1980’s, and it has been
made available to the public on request since then. This product is generally known as Hakatak.
Initially, the isolate was grown when required from a stock collection of dried spores on filter paper
discs stored in a freezer (-20°C) made in the first year after it was isolated. When this initial stock
ran out in the 2000’s, more such filter paper discs were made and used, however with repeated subculturing over the years, the quality of the isolate deteriorated. There was therefore a need to collect
and culture a new C. acutatum isolate that naturally occurs on H. sericea trees in the field. This was
done by collecting diseased Hakea plant material, isolating and culturing fungal isolates from
diseased bark samples, and confirming the identity of the isolates with the relevant barcode genes.
Pathogenicity trials, a growth study and spore production in liquid culture, were done to the obtained
isolates to select the best replacement isolate.
From the sampled Hakea plant material, 19 canker pathogen isolates were isolated. These included
six C. acutatum isolates, three Cytospora spp., two Diaporthe spp., one Didymosphaeria sp. and six
Neofusicoccum spp. isolates. The Colletotrichum isolates were identified by amplifying the partial ꞵtubulin (TUB2) gene, while other canker pathogens with the internal spacers (1 and 2) and 5.8S
rRNA (ITS) gene region. The C. acutatum isolates were further analysed by construction of a
phylogenetic tree along with other Colletotrichum spp. within the C. acutatum complex. The C.
acutatum isolates, together with the original Hakatak isolate, were all 100% identical in the TUB2
gene region. Thereafter, all the isolates had their pathogenicity tested by wound inoculating them
onto H. sericea trees, which were assessed after two months. The C. acutatum isolates formed the
longest lesions out of all the canker pathogens in the study, with the current Hakatak isolate forming
the smallest lesions out of all the C. acutatum isolates. The other canker pathogens produced smaller
lesions and may require a longer incubation period to create significant lesions on H. sericea. The
C. acutatum isolates were further analysed by incubating them at 15°C and 25°C for 10 days, which
resulted in significantly different average growth rates. The isolates were also grown in liquid media
for five days to allow for mass spore production. Spore concentrations were calculated and
interestingly the original Hakatak isolate had the highest spore concentration of all C. acutatum
isolates. It can be concluded that repeated subculturing of the original isolate selected for high spore
production but lower pathogenicity.

The study allowed for the collection of six new C. acutatum isolates, all more virulent than the original
Hakatak isolates. The best performing isolates will be tested further in larger scale field testing, and
the best performer will in future be made available to the public as Hakatak.
by Alan Wood (wooda@arc.agric.za)

Production of the first granular biopesticide to combat Orobanche
crenata
Egypt has become the largest importer of faba beans in the world due to the spread of broomrape
in its lands. Since the 1990s, the area of land that grew faba beans in Egypt has decreased, from
524,470 acres in 1992 to 96,781 acres in 2015. From 2005 to 2017, Egypt imported 328,000 tons
on average of faba beans annually, with an average annual cost of about 200 million US dollars.
Orobanche crenata Forsk. is particularly harmful in the Mediterranean region, the Middle East and
South-Eastern Europe and parasitizing major legume crops such as faba bean, lentil, pea, and
chickpea. What makes broomrapes a persistent and very serious problem is the following: 1) the
massive number of seeds produced per Orobanche shoot/plant (105 to 5 X 105 seeds/shoot), and you
can imagine how many seeds would be there if 10-15 Orobanche shoots emerged per one host plant
as usually happens in heavy infested fields; 2) those seeds retain their viability in the soil for as long
as 20 years (Mangnus et al. 1992), which makes Orobanche is a strong limiting factor to cultivate its
host crop; 3) Orobanche seeds do not germinate unless their host plant is sown; 4) those seeds are
minute like dust and therefore can float on irrigation water and be transmitted from infested fields to
the non-infested ones with water. Not only that, but the seeds also can persist the animal digestive
fluids if fed by the animals and thus can also spread through manure, as well as attached to the
hooves of farm animals and agricultural machinery.
The unavailability of effective herbicides coupled with public concern regarding public health and
environmental safety have stimulated investigation of alternative weed management methods.
Biological weed control using microbes offers promising approach to combat these parasitic weeds.
Numerous microorganisms show promise as biological control agents of weeds including the parasitic
weed, Orobanche sp. (Shabana et al. 2003; Shabana et al. 2010a,b,c; Shabana et al. 2014, 2016,
2018, 2019).
Prof. Yasser Shabana (Professor of Plant Pathology, Mansoura University, Egypt) and his research
team succeeded in constructing a production line for mass-producing high-quality granules of a
biocontrol fungal strain using pasta-like process technology, at half industrial level. In this granular
bioherbicide, the propagules of the biocontrol agent are encapsulated in nutritious filler that protects
the bio-agent spores from the opposite conditions and helps the fungus to rapidly grow (when the
bioherbicidal granules are exposed to irrigation water) and strongly attack Orobanche seeds in the
soil, causing them to decompose and thus fail to germinate. Even if some of the Orobanche seeds
escape from the infection in the early stages, the biocontrol fungus will continue to attack the

flowering stalks (Orobanche shoots) and cause its wilting and death before its formation of the seeds.
Thus, this unique bioherbicide leads to deterioration of Orobanche population (seed bank) in the
infested soil year after year.
We have formulated the biocontrol agent as a granular bioherbicide (Fig. 1) and pilot-produced it by
a machine that was specifically designed and manufactured for this purpose. This bioherbicide was
tested in our experimental field at Mansoura University (in 2017/2018), in 2019/2020 in two naturally
broomrape-infested fields in two villages of Belqas county, Dakahlia, Egypt and again in 2020/2021
in several naturally broomrape-infested fields in several governorates in the Delta, middle, and upper
Egypt. Results confirmed that our novel bioherbicide was profoundly successful against crenate
broomrape in open fields (Figs. 2 and 3).
There is no effective bioherbicides available in the market for the management of crenate broomrape
(Orobanche crenata Forsk.), so far. Therefore, this novel bioherbicide will offer a safe and nonpolluting control of this serious weed, O. crenata. The direct benefits from using this novel product
will be the development of environment-friendly and cost-effective bioherbicidal technology for
crenate broomrape. This bioherbicide might be useful in many parts of the world where broomrape
is a problem. Also, there is a potential to develop a small-scale microbial bioherbicide industry and
to extend the biocontrol technology to other crop and aquatic weeds. Higher crop yields, greater
economic returns, reinforcement of the organic agriculture, reduced reliance on costly chemical
herbicides, and subsequently minimizing the negative effects on humans, animals and the
environment, besides the protection of the biodiversity resources in Egypt are among the expected
payoffs. Use of microbial herbicides will be environmentally beneficial compared to chemical
herbicides; the added microbial biocontrol agents are expected to have beneficial effects on soil
health and soil beneficial microflora. Other benefits include sustainable production of affordable field
crops that meet the nutritional and safety requirements of the public.

Fig. 1. Granular bioherbicide for combatting Orobanche crenata

Fig. 2. Results 5 months after planting. Note that no broomrape appeared in the bioherbicide-treated plot (left)
in comparison with heavy infestation of broomrape in the untreated plots (right).

Fig. 3. Results 5 months after planting. Note that broomrape shoots appeared healthy in the untreated plot
(left) in comparison with diseased/rotten broomrape shoots in the bioherbicide-treated plots(right).

It is worth noting that this innovation was awarded the Egypt Government Excellence Award
(Institutional Innovation and Creativity Category) (2020) from the Presidency of the Egyptian Council
of Ministers.
by Prof. Yasser Shabana (yassershabana2@yahoo.com)

New bioherbicide product update
Prof. Sheng Qiang’s group from Nanjing Agricultural University (NAU), China, associated with
Dongbao Agrochemical Company, obtained all experimental documents for the registration of
1.0×10-6 CFU/g GR formulation of Sclerotium rolfsii. It’s possible to get a new pesticide registration
certificate from ICAMA soon. In this year, six papers on bioherbicid were published and one China
patent about bioherbicide was authorized.
In the past over twenty years, Prof. Sheng Qiang and his co-workers deeply investigated the
relationship of TeA and its derivatives between chemical structure and herbicidal activity. Currently,

over 30 papers on TeA and its derivatives have been published and more than ten patents were
applied including three US patents, one Europe and Japan patent. Furthermore, 25% TeA and 20%
S-TeA micro-emulsion formulations have been successfully developed. Recently, with the aid of a
constructed molecular model of natural lead molecule TeA binding to the QB site in Arabidopsis D1
protein, a series of derivatives differing in the alkyl side chain were designed and ranked according
to free energies. Among all newly designed derivatives, D6, D13 and D27 with better affinities than
TeA were screened out and synthesized to evaluate their photosynthetic inhibitory activity and
herbicidal efficacy. Analysis of structure-activity relationship indicated that D6 and D13 with secpentyl and sec-hexyl side chains, respectively, were about twice more inhibitory of PSII activity and
effective as herbicide than TeA with a sec-butyl side chain. D6 and D13 are promising compounds
to develop TeA-derived novel PSII herbicides with superior performance. This research has been
published

in

Journal

of

Advance

Research

with

a

latest

impact

factor

of

10.479

(doi.org/10.1016/j.jare.2021.12.001, Fig.1).

Figure 1. Flow chart illustrating the structure-based ligand design and discovery of novel TeA derivatives with
high herbicidal activity.

A natural product of mycotoxin patulin (PAT) was indicated that it is a new natural photosystem II
inhibitor with a half-inhibition concentration I50 of 2.24 µM. A significant decrease in oxygen evolution
rate and increase in J-step of chlorophyll fluorescence rise OJIP curve indicated that PAT strongly
reduces photosynthetic efficiency by blocking electron transport from the primary to secondary
plastoquinone acceptors (QA to QB) of PSII. Molecular modeling of PAT docking to A. adenophora
D1 protein suggested that PAT bounds to the QB-site by forming hydrogen bonds to the histidine 252
in D1 protein. PAT has the potential to be developed into a bioherbicide or used as a template
scaffold for discovering novel derivatives with more potent herbicidal activity. The research was
published in Journal of Agriculture and Food Chemistry (JAFC 2021, 69: 7313-7323; Figure 2).

Figure 2. Mode of action of patulin in photosystem II and its phytotoxicity.

A new pathogenic strain SYNJC-2-2 was isolated from diseased leaves of a noxious weed,
goosegrass (Eleusine indica) from a tea garden in Zhejiang Province, China. It was identified as the
fungal species Bipolaris bicolor based on the morphological characteristics and phylogenetic
analysis. The potential of the B. bicolor strain SYNJC-2-2 as a bioherbicide was assessed by
determining its efficacy to control weeds and selectivity to crops, its infection process and the
influence of environmental conditions on conidial production and germination. The ED90 (effective
dose of conidia resulting in 90 disease index) of SYNJC-2-2 on goosegrass was 2 × 104 conidia mL1. Three Poaceae weeds, Setaria viridis, Microstegium vimineum and Pennisetum alopecuroides,
were also extremely susceptible to SYNJC-2-2. SYNJC-2-2 was safe to 14 out of 17 crop species in
9 families, especially tea plants. Thus, B. bicolor strain SYNJC-2-2 has the potential to be developed
as a bioherbicide for controlling goosegrass, especially in tea gardens. A Chinese patent was
obtained (ZL202010166462.6). This research was published in Pest Management Science (PMS
2021, doi.org/10.1002/ps.6742; Figure 3).

Figure 3. New bioherbicide candidate Bipolaris bicolor SYNJC-2-2 as a
potential bioherbicide for goosegrass (Eleusine indica) control in tea garden.
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by Sheng Qiang (wrl@njau.edu.cn)

Screening for Biocontrol Agents Against Microstegium vimineum in
China
The project on “Surveys and Host-specificity Testings of Fungal Strains as Biological Control Agents
against Microstegium vimineum” granted by Department of Agriculture, USA, was just completed in
Weed Research Laboratory, Nanjing Agricultural University this year. A total of 151 field surveys
were conducted in Anhui, Guangdong, Guangxi, Guizhou, Hebei, Henan, Hubei, Hunan, Jiling,
Jiangsu, Jiangxi, Liaoning, Sichuan, Yunnan, Zhejiang provinces during the period of this project. A
total of 1637 diseased leaf samples were collected, 289 isolates were obtained and 118 pathogenic
fungus strains were isolated and identified. Among them, 18 species of 43 strains were reported for
the first time in the M. vimineum such as Bipolaris setariae, Bipolaris panici-miliacei, Curvularia
intermedia, Curvularia lunata, etc. Moreover, some pathogens were only identified to genus:
Bipolaris sp., Exserohilum sp., Pleosporaceae sp., Curvularia sp., Phoma sp., Nigrospora sp.,
Alternaria sp., Endophyllum sp., Puccinia sp., etc. Pathogenicity indexes demonstrated that YXQST
2-1 (B. sorokiniana), MLL 1-5 (B. setariae), SX 5-2 (B. panici-miliacei), and two rusts WZ-1 and WZ2 may be potential bio-control fungi against M. vimineum.
Three candidate strains YXQST 2-1 (B. sorokiniana), MLL 1-5 (B. setariae) and SX 5-2 (B. panicimiliacei) isolated from leaves with leaf spot diseases were selected for intensive pathogenicity and
specificity assessment in vivo. In field trials, ED90 of YXQST 2-1, MLL 1-5 and SX-5-2 was 2.7×104,
1.4×103, 2.8×106 sp/ml respectively after inoculation to M. vimineum seedlings. This indicates that
YXQST 2-1, MLL 1-5 and SX 5-2 had strong pathogenicity to M. vimineum and other weeds such as
Leptochloa chinensis (L.) Nees, Digitaria sanguinalis (L.) Scop., Echinochloa crusgalli (L.) Beauv.
However, all strains were virulent to corn, rice and wheat and some turfgrass such as Cynodon
dactylon (L.) Pers., Eremochloa ophiuroides (Munro) Hack. and Lolium perenne L.

a

b

c

Fig 1 M. vimineum investigated from 2015 to 2019. a, Diseased leaf from Shaoxing (SX 5-2); b,
Diseased leaf from Yixing (YXQST 2-1); c, diseased leaf from Nanjing (MLL 1-5).

Table 1 Morphological observation and pathogenicity testing of three candidate strains
Name /
Strain
number
B. panicimiliacei
SX 5-2

B.
sorokiniana
YXQST 2-1

B. setariae
MLL 1-5

Colony
morphology

Field experiment
Spore morphology

1×105 sp/mL

Control

Key Research Project on Bioherbicide in China
The National Key Research and Development Program about new bioherbicide development, being
led by Prof. Sheng Qiang, had successfully been completed and accepted by an expert group on
Aug.15, 2021. During July 2017 to June 2021, 26 national and international patents about about
active fungus strain and compounds are applied. Sixteen papers about bioherbicide were published
in the international journals including Journal of advanced Research, Cells, Front Plant Sci, J Agric
Food Chem, Pest Manag Sci, Plant Disease, Plant Physiol Biochem, Photosynthetica, Crop Protect,
Allelopathy J etc. Four bioherbicidal candidates were developed, including 1.0×106 CFU/g GR
formulation of Sclerotium rolfsii, 20% sec-hexyl-TeA ME formulation, 20% caprylic acid EC
formulation and 2.5×108 CFU/g WG of Phoma herbarum.

Figures . The expert group of project acceptance in Beijing (up), Prof.
Dr. Sheng Qiang reported the project (down).

By Sheng Qiang (wrl@njau.edu.cn)

PEOPLE & PLACES
Maurizio Vurro, the Editor of the IBG bulletin, has been elected Vice-President of the European Weed
Research Society (EWRS) for the years 2022-2023. After that period, he will become automatically
the President of the Society, for the successive two years.
Here is the current composition of the EWRS Board.

UPCOMING MEETINGS OF INTEREST
8th International Weed Science Congress
"Weed Science in a Climate of Change"
Bangkok, Thailand, 5th - 10th December 2021
https://www.iwsc2020.com/
We are pleased to invite you to participate in the 8th International Weed Science Congress being
held from December 4th to December 10th 2022, in the beautiful Bangkok, Thailand.
This will be the first post-pandemic face-to-face international weed science meeting.
We are preparing an excellent Scientific Program and planning wonderful social activities and social
events to make it a memorable meeting.
We invite all weed scientists to submit an abstract and register online via the website
https://www.iwsc2020.com
Here are some important dates:
- May 1st, 2022, Abstract submission deadline.

- May 31st, 2022, End of early-bird registration.
Please circulate this information in your regional and national society, and encourage weed scientists
to attend this congress.

International Bioherbicide Group Workshop
We will organize the XVI IBG Workshop as a joint IBG/IWSS Session, as shown in the list of main
topics of the IWSS Congress. Information will come soon.

by Sheng Qiang
--------------------------------

19th European Weed Research Society (EWRS) Symposium
“Lighting the Future of Weed Science”
Athens, Greece, 20th to 23rd of June 2022
https://ewrs2022.org/

by Maurizio Vurro (maurizio.vurro@ispa.cnr.it)

EDITOR'S CORNER
Dear All,
Thanks for the contribution received for the preparation of this issue of the bulletin. After
several unsuccessful attempts, this time we were able to produce an interesting issue of the
International Bioherbicide Group Newsletter. I hope this trend will continue in the future, as
there is a renewed interest for weed biocontrol and bioherbicides.

Please remember that this bulletin is prepared on a voluntary basis and it contains only the
information sent by the newsletter subscribers, under their responsibility. Only some
editorial changes could be done to the material received.
The newsletter is not an official journal and cannot be considered exhaustive. Please also
remember that the mailing list can be used as a moderated list for distributing information
related to weed biocontrol at any time during the year.
Please feel free to deliver the newsletter to any person that could be interested in it, or invite
him/her to subscribe the mailing list.
To subscribe please go to the following web address:
http://nautilus.area.ba.cnr.it/mailman/listinfo/ibg-news
and follow the instructions
Thanks. Regards
Maurizio

