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Introduction

Rice production in th&ropics of Asia has a long history and billions of humans now

depend upon this production system for their food staple. Rice eaters and growers form
the bulk of the worldds poor. Since the 06gre
production approachdsve changed radically by the introduction of higher yielding
varieties and higher inputs. Recent decades have witnessed a resurgence of insect pests,
especially planthoppers. Dramatic yield losses have resulted as pest populations develop
resistance twidely used insecticides and rice variety resistance breaks down. This broad
phenomenon is dramatically evident in data from China where the rise in hybrid rice
varieties has been accompanied by a dramatic increase in the area of land affected by the
serpbus pest, whitdacked planthopper. It is currently estimated that China loses about a
million tons of rice paddy from planthopper outbreaks annually and in some years, like
2005 as much as 20\3t.

As was recognised inthe ACIARp ons or ed ftsidentify resegrchandu d y
implementation issues related to management of the Brown Planthopper/virus problem in
ri ce i n(CWH/ROBA201Y theére is an urgent need to rethink the business of pest
management in rice. One response to this was the ItigralbRice Research Institute
organised an international conference in June 2008 that brought together 88 scientists,
agricultural directors and pesticide company representatives from Australia, Bangladesh,
Cambodia, China, India, Indonesia, Japan, Kdraas, Malaysia, Philippines, Singapore,
Taiwan, Thailand, USA and Vietham as well as the FAO to discuss new approaches, new
techniques and management tools. It is recognised that new strategies are required that are
based on a better understanding of gdgstamics, ecologicallpased methods for

enhancing biological control and reducing the adverse impacts of indiscriminate insecticide
use on natural enemies. To a large degree, these strategies already exist in the form of
proven technologies used in otloeop systems and/or deployed in rice in limited areas.

This ecological engineerinfGurr et al. 2004approactprovides a framework to

strengthen gsential pest management ecosystem services that will improve crop health,
thus preventing secondary pest outbreaks, like planthoppers.

The utilization of these principles for ripests immow being explored with the assistance

of Professor Geoff Guwf Charles Sturt University (CSU) is a webtablished research
provider in the field of agricultural scienc
internationally acknowledged for work in integrated pest management, especially the use

of ecological approdes to enhance biological control of pests. Prof Gurr is collaborating

with the International Rice Research Institute (IRRI), initially underta&ohoctrips to

the Philippines and China and now under the terms of a Letter of Agreement for the project


http://ricehopper.files.wordpress.com/2008/12/planthoppers-meeting-report-curr-sc-0808.pdf

entitledEcological Engineering to Reduce Rice Crop Vulnerability to Planthopper
Outbreaks.

Thisfinal report concerns the tsmundertaken by Prof Gurr under the terms of2089
Letter of Agreementarticipating inworkshopsyisiting ecological engieeringresearch
sites at JinhaandGuilin in ChinaandCai Be inVietnam and meeting with collaborating
scientists

Activities andRecommendations
Trip One

Jinhua, China

Prof Gurr travelled to the ecological engineeniagearch site located neanhla,
Zhejiang Province, China on 16 July 2009 accompanied by Prof Lv Zhongxian from the
Zhejiang Academy of Agricultural Sciences.

The research site was made up of an ecological engineering area (ca 37ha) on which a
rangeof ecologicallybased peshanagement strategies Haeenimplemented, and a
control area (ca 30 ha) on which conventional farmer practices were retained. The two
areas were separated by a sealed roadWweyd sizes were small (typically ca 20 x 40m)
an arrangement well suitedécological engineering via field margin manipulatidhthe
time of the visit, early season rice was about to be harvested and replaced with a late
season crop.

Local staff had implemented several field techniques for encouraging natural enemies.
Thefirst of these was extensive planting of flowering plants on the buBdse bnds

were planted with soybean acasuabbservations in the district suggested that this was
not an uncommon practice. Many bumasthe research siteere also planted with
sesamégSesamum indicunandthis plant pecies wasipparently nocommonlyused in
thedistinctthoughgrownextensivelyin upland areasf the province Sesame was just
starting to flower at the time of the visit (Figure 1). The practical rationalesto of
sesame was its agronongiempatibilitywith local conditions, and availability of
inexpensive seed plus the fact that it could be harvested later in the season as a cash crop.
From an ecological engineering perspective the presence of whitedlsrencouraging
because this colour is generally regarded as attractive to many pargegoREgum et al.
2006). It waslocally considerea preferred foraging plant for honey be€ther white



flowering species shown to be valuable in ecologcgineeringsystems developed in
different crops include coriandeéZgriandrum sativur)) buckwheatFagopyron
esculentumand alyssumL(bularia maritimg (Gurr et al. 2006) The fact thasesame
flowers in an indeterminate manr{ea 2 mo)will also provde nectar to natural enemies
for an extended period of timét would bevaluableto experimentally test the effect of
access to sesame flowers on a range of parasitoid spewedhe literature on ecological
engineering does not appear to cover thasp

Figure 1. Sesame planted on busdsoundingice fields on research site near Jin Hua,
Zhejiang Province, China (16 July 2009, GM Gurr).

Forty light traps (Figure 1) had been installed on the ecologiggiheeringite, this

number being grater than that required for monitoring planthopper immigration. These
may trap the pest in sufficient numbers to contribute towards pest suppredsavais,

however a risk that natural enemies, particularly some hymenopteran parasitoids could be
kill ed. Lighttrap contentshouldbe checked for parasitoids species important for rice pest
control. If these are present, number of light traps should be reduced to the minimum
required for monitoring. The large numbers of light traps in the ecologigadesring

area couldalsoattracti but not necessarily kil pestsfrom the nearby control area

resulting in anomalous result€onsideratiorshould be given to minimizing numbers of
traps.



Some buils were planted witBudangrass $orghum vulgarear. sudanengewhich was
said to be an attractive oviposition host for the stem [iindo suppressalidut a plant

that did not support development of larvae (Figure 2). It therefore functioned as a trap
plant for this important pest. Present also orstteewaswild rice, Zizania(unknown
species) anthis wasconsideredeneficial in supporting nepest planthopper (Fam:
Tropiduchidae, unknown species) (Figure 3) that in turn were hoptsaditoidspecies

that also attached rice planthopp@&his need to be investigated to confirm the identity of
the species and that it is mesponsibldor direct damage to rice or a vectonafal
diseases.

Figure 2 Sudan grasplanted on bunds surrounding riceléis on research site near
Jinhua, Zhg¢iang Province, China (16 July 2009, GM Guirr).



Figure 3 Planthopper (Fam: Tropiduchidae, unknown species) on wild rice planted on
bunds surrounding ricedids on research site near dinhZhejiang Province, China (16
July 2009, GM Guirr).

Figure 4. Roses (background) planted adjacenide on research site near Jiraf)
Zhejiang Province, China (16 July 2009, GM Gurr).



Apart from bundmanipulations, thepresencef ornamental roses as a crop commonly
grown in proximity to rice (Figure 4nay have value in providingectarto natural
enemies. Though the blooms are removed for, salae (bwer quality ones) may be left
in place (Figure 4). Roses ajsossesgxtrafloral nectarines that can provide nutrition to
parasitoidsrrespective otheavailability of inflorescences.

On 17 JulyProfs Gurr and Lv met with staff of tikénhuaPlant Protection Station. A
summary was provided oélatedresearch conductday local staffin the lead up to the
current work. This included use of soydasesame intercroppin§udangrass as a trap
crop forstem borersattract and kill lamps, sex pheromonesdi@m borerandleaf folder
resistancenonitoring, pestesistancéreeding in rice, insect taxononand use of ducks
for pest control.Work was also underwalpoking at other possibl@owering cropplants
for use in ecological engineering. These included a white flowering Eagéron
annuug(Asteraceap It was clear that much of this work had been of direct benefit in
setting up so effdively the ecologicaéngineering strategies on the research site.

A number ofissueswere raised in relation to the current field studied the field

sampling proposal (se&ppendix1). These issues were the extent of need for equipment
and trainingo be provided to the Guilin site (Guangxi Province), how best to provide
taxonomic services to the overall project, the meridirgictional pitfall traps, changing

the regularity of some safing protocols to reduce laborgquirements.The latter

proposal was to useeekly internaldor sweep net sampling, sticky traps, pitfall trapping
whilst vacuum sampling, water pan trapping, sentinel plants were to be done on only four
occasions each growing season. These would coincide with seedling, titbexdtigg and
milking stages of rice growth.

The local team also intendeddonducta spatialnalysisof the landscape surrounding the
research site. This would be based on a ground survey since only low resolution aerial
images were availableThere wa general support for the need for equipment (eg traps and
nets) to bestandardied across all sites.

That eveningafter travel back to Hangzhoaiworking dinner was held during which
Profs Gurr and Lv were able to discuss their trip with Zhejiang WUsityecollaborators
Prof Cheng Jia An and Dr Zhu Zhen Rorithe major issue discussed was the merits of
conducting additional experimentation on the ecological engineering areas. Prof Gurr
cautioned against the use of experiments of the type that comlgremise théntegrity of
the overall, twetreatmentand four siteexperiment being set up across China, Vietham
andThailand For example, an experimeestingthe effectof sprayvs. no-spray



treatments could lead to depleted natural enemy numbéhe wider ecological
engineering area. In contrast, experiments that tested the refatiiteof different
candidate nectar plants, or that used dye of rubidium chloride to track reateinay
movement betweetropand norcrop habitats, @uld compronse the overalexperiment

Cali Be, Vietnam

On Sunday 9 July Prof Gurr travelled to Ho CKinh City accompanied by Prof Cheng

of ZhejiangUniversity. They were joined by Dr KL Heong, International Rice Research
Institute, and commenced a trip to CaitBe following morning. After a brief reception

hosted by Mr Ho Van Chien at the Southern PRnatectionCentre Long Dinh, Tien

Giang a field trip commenced to the ecological engineering resear¢Rigitee 5). This
comprised 36 farmdrouseholdsovering anareaof approximately 30haThoughthe area

was made up of separately owned crops they appeared to be largely contiguous rather than
being broken into separate fieldsunded by bunds. This clearly makes the likely value of
bund vegetation managent less likely to make a major impact on pest dynamics in the
centre of areas sown to rice.

Individual farmers were responsible &@lectingtheir own ricevarietiesin the ecological

engineering and nearby control area but no hybrid rice was gemgn. Planting was
synchronized in the r egi onreducmgexposaretowi t h t he
immigrant rice planthoppers. At the time of theit, bunds had beesprayed with

herbicide(Figure § in preparation for planting with nectar gramcoves. A yellow

flowered Asteracee specieésaid to be/edalia striolatabut identity to be confirmedyas
beingpropagatedrom stolons at theearby miversitycampusursery. The basis for its

selectiorwas that it was easy fwopagatghad aprostrategrowth habitsocould withstand

trampling and had indetermindtewering. Unlike the soybean and sesame used in

Jinhua, China, it had rioherentvalueas a dual crop.

The rice crop was at an advanctageof vegetativegrowthso an opportunytto measure
the benefits of ecological engineering via bgmdundcoversvould have tavait until
planting of the second crop in early November.



Figure 5 Ecological engineering research site, Cai Be, Vietnand(®02009, GM Gurr).

Figure 6.Herbicidetreated bund to be planted with groundcover species on ecological
engineering research site, Cai Be, Vietn@@®July 2009, GM Gurr).



On 21 July detailediscussios were heldwith staffat the Southern PlaRtrotection

Centre to refine methodes be used in the projectt was decided to implement the
scheduling proposed at the Jinhua meeting (see abBueher, vater partraps should be
madefrom cheap take away food containers rather than proprietary bowismibmize the

risk of theft. The food containershouldbe sprayed with thpaintdetailed inAppendix1.

Other than covering thesuegaised in earlier discussion at imeetingin Jinhua a key

aspect that was agreed upon was the use of 100% ethanol to preserve arthropod samples.
Thiswould maximize DNA quality, leaving opescopefor molecular taxonomyo be
undertaken at a later dat€lans were also outlined for a joint publication of a review

article on the par@sid fauna of rice pestsA preliminary survey of the literate from

several contrived has resulted in a tabular summary (AppendiRr2)anhas beeithe
Vietnamese contact person for tmgiative whilst Prof Cheng Jia An and Dr Liu Jian
surveyed the Chinese literature. Additional information was providdasigCatindig
(International Rice Research Institute) and Donna Read (Charles Sturt University)
Thevacuumsampler available to Viethamese staff was inspected and measurtakents

to allow Prof Gurr to check availability of similar devices in Ausardr dispatch to

Asian collaborators Discussion extended to another possible bund ground cover species,
Tridax procombengAsteraceae), that was said to be yellow flowered and easy to
propagatdrom seed. There was recognition that laboratory exgerisnwere important to
assess theenefitto key parasitoid species of access to such flowers and Prof Gurr agreed
to make available to thi&Ricehopper8site copies of key articles that gave detail of

methods (eg Begum et al. 2006).

Conclusions

Severarecommendationwere made during the visit atite most important of these is

that though the nature of ecological engineering methods being used on each site can vary
to reflect local conditions it is critical for the overaitegrity of the projectthatrigorous

and CONSISTENT sampling and datgpturemethodsare used on all sites. This will

allow data from different sites in China, Vietham aiilandto beanalyzedogether. It

is also important that o@achsite samples are taken in a manner thabnsistent between

the ecological engineering area and the control area.

Provided that the above imperatives are satisfied a number of subsidiary investigations can
take place such asark and recapture experimetasrack movement.



Trip Two

Guilin, Guangxi Province

Prof Gurr travelled to the ecological engineeniagearch site located at Lingui near

Guilin, GuangxiProvince, China 08" SeptembeR009 accompanied by Préheng
(ZhejiangUniversity) and staff of the Guangxi Provincial StatajriPlant Protection
Ecological engineering had been established on a relatively small area of approximately
6.5ha with an additional ca. 3.5ha nearby identified as a control area. Approximately 25
farmer families were participating. Rice was in anyearedium stag of vegetative

growth (Figure 7.

Figure 7 Ecologicalengineeringesearch site located at Lingui near Gyiuangxi
Province, ChingGM Gurr, 8" Septembe2009.

The area had relatively rich n@nop habitat nearby occupying theep rocky outcrops.
Areas of vegetables and perennial fruit production were also present and constituted other
potential sources of natural enemies for rice.

The major ecological engineering approach being trialed on this site was nectar plants
addedo the bunds. Some dicotyledonous weeds were present in small areas but most
bunds had been planted to soybeanshtadtbeen sown in June (Figune &esame had



also been sown in some areas but rather too late (August) to establish. Lucerne had also
been attempted but this failed. Wet conditions were suspected as the cause.

Sampling had been implanted. Water pan trapping, sweep netting and pitfall trapping was
reportedly conducted on 18 August and sticky boards were placed out on 1 September.
Hills were also being monitored for pests and light traps were also in place.

=, , _ { 3 .',\ ¢ J L
Figure 8 Bund with selfsown dicotyledonous weeds (foreground) and soybean
(background) on ecological engineering research site located at Lingui near Guilin,

Guangxi Province, fiina (GM Gurr, 8 September 2009).



Brown plant hopper was reported to have been present but only low numbers were evident
to casual observation. Vacuum sampling was conducted by local staff and Prof Cheng on
8-9 September. One practical refinement thas discussed in relation to vacuum

sampling related to the risk of disturbing an area about to be sampled during sampling of
nearby points on the transect. This was likely to occur because sampling intervals were as
small as 1m in the field margin. Thelution agreed upon was to stagger in a lateral

manner the sampling points such that they were the desired distance from the field margin
but nd in a straight line (Appendix)3

Insecticide applications we apparently disencouraged in the ecologitatergg area by
rewarding compliant individuals with free fungicides. Despiteitiientive,some empty
insecticide packs had been discarded there. Some may have been from earlier seasons but
there appears to be a need to check and carefully morstmticide use patterns to ensure

that natural enemies are not killed by insecticides.

Practical issues raised by local staff were that they did not have regular access to a vehicle
to access the field site from Guilin so had to use public transpoficullyy was also

reported in identifying a suitable plant for growing on bunds that would flower and provide
nectar in MarchApril. Farmers had been asked to make future bunds approximately 15

cm wider in order to provide more space for bund flowerstedtablished.

Sweep net sampling of rice and the various plant species growing on bunds yielded very
few parasitoids. Only two were captured in ca 40mins (see dktaillectionnotes in
Appendix 4. This may have been a reflection of previous peiapplications. Yellow

and white water pan traps were set out onouarparts of the bunds (Figurgdhd in the
margin of rice crops. A return visit was made to the site the following day, this time
accompanied also by Dr KL Heong (InternationaleRiResearch Institute). Water pan

traps were inspected and a further seven parasitoids obtained. Because numbers of
parasitoids collected were so low the local collaborators provided several yellow sticky
traps that had been in the field for 9 days. Tiothe quality of their DNA was likely to

be very poor after this length of time another 9 parasitoids were added to the collection.
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Figure 9 Yellow and white water pan traps for parasitoid trapping‘on bund at ecological
engineering research siteclded at Lingui near Guilin, Guangxi Province, China (GM
Gurr, 8" September 2009).

On 1011 September Professor Gurr attenttexinternational Workshop on Insect
Pheromones fort Monitoring and Controlling Key Agricultural Insect PeSise the first
day he deliveredn overview of recenwork on chemical ecologgased approaches for



pest management and was able to speak with a range of Chinese colleague about wider
topics including ecological engineering for rice.

Jinhua, China

Prof Gurr travelledo the ecological engineerimgsearch site located near Jdiah
Zhejiang Province, China on 13 SeptemP@09 accompanied by Prof Lv Zhongxian
from the Zhejiang Academy of Agricultural SciencBsof Cheng Jia An aridr Zhu
Zhen Rongof Zhejiang Univergy.

Figurel0. Sesame planted on bunds surrounding reddgion research site near Jinhua,
Zhejiang Province, China (18eptembe2009, GM Gurr).

Details of the site and ecological engineering strategies implemented were seheut in
Trip 1 sestion of this report Significant changes from the visit made in July were that the
sesame planted on bundaswnow largely seeding (Figure)ldhd the erection of two large
information boards, one in Chgse and one in English (Figure)11An MSc gradate (Mr
Yow) was now based on site and leading sampling efforts.

Parasitoid sampling was undertaken by Professor Gurr-dd Beptember using sweep
netting and water pan traps as used at Lingui. Local staff also assisted by placing out
additionalyellow water pan traps (Figure L2Parasitoids were approximately 100 times



more numerous than at the Lingui site and overtiwadred individuals (Appendix) 4

were captured and paced in 100% ethanol for later DNA taxonomy. Reasons for the
discrepancy in pasitoid abundance across the two sites are not clear. It is likely that
pesticide use at Lingui is partly the cause. An additional factor is that ecological
engineering strategies were implemented at Lingui only over recent months after a history
of conventional pesticide regimes. In contrast, ecological engineering methods had been
trialed at the site at Jinhua for several years.

Figure 12 Information board at research site near Jinhua, Zhejiang Province, China (13
SeptembeR009, GM Gurr).

Duringfield work a potential problem was identified with the yellow pan traps in use.
These were proprietary food bowls that were fading in colour as a result of weathering
(most likely UV exposure). That had resulted in bowls of differing degrees of bright
yellow to pale yellow being in use. This is likely to affect the attractiveness to parasitoids
and other aerial natural enemies. This was discussed with local staff.

A lesser issue identified was the use of detergent in water pan traps. It was qairnbted

the rather generous amounts of soap powder being used interfered with clarity of the water
and later recovery of captured arthropods. Only a minute amount of liquid based detergent
is necessary to reduce surface tension of the colleting wEltés.constitutes another

example of the need for careful definition of methods and subsequent adherence.



Further discussion will need to take place at the review meeting in Vietnam in December
2009 to refine the fine detail of methods. This shouldmkibver issues such as the mesh
size of sweep net fabric and specifications of the vacuum sampler. The Sampling Protocol
Document kittp://ricehopper.files.waipress.com/2009/07/samplipgotocot 2 7-july-

2009.pdj will then need to be updated with appropriate detail.

Figure 12 Yellow water pan traps for parasitoid sampling from rice at research site near
Jinhua, Zhejiang Province, China ($8ptembe2009, GM Gurr).

Conclusions

Good progress had been made in establishment of the research site at Lingui in Guangxi
Province though several logistical issues need to be resolved by negotiation. The most
fundamental of these is the withholding of inggde use in the ecological engineering

(not control) area.


http://ricehopper.files.wordpress.com/2009/07/sampling-protocol-27-july-2009.pdf
http://ricehopper.files.wordpress.com/2009/07/sampling-protocol-27-july-2009.pdf

Work at the Jinhua site appears to have gone smoothly over the course of the two months
since the last visit by Prof Gurr. As noted above there is a need to review the detail of
sampling methaglto resolve minor problems and ensure that consistent methods are being
employed across all four sites.

Parasitoid collections were made successfully from both Chinese sites though wasp
densities were conspicuously lower at the Lingui site. Specimiirisevthe subject of

DNA studies in Australia via a collaboration with Dr Andrew Mitchell of the EH Graham
Centre for Agricultural Innovation. If DNAased taxonomy appears workable from this
pilot study with wasps, additional funds will be sought toaexpits use in the overall
project.

Trip 3
Visit to Viethamese ecological engineering research site at Cai Be

Prof Gurr travelled to the ecological engineeniagearch site located at Cai Be in Tien
Giang Provincen 1% Decembe2009 accompanied kther participants in thaDB 13"
RETA 6489 Review and Planning Worksh@pducing Pest and Postharvest losses in Rice
Productionincluding local collaborators and Dr LK Heong (International Rice Research
Institute, IRRI) andProf Chenglia An(Zhejiang Uniersity) (Figure B).

This was Professor Gurroés second visit t
the first visit in July that year Over the intervening five months, high quality signage
providing detail on the use of ecological engnireg had been erected (Figurd). A

range of plant species had been established on the main earthen bank separating the rice
fields from the adjacent river. Insect monitoring had also commenced in the newly
established rice crops.
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Figure B. Parttipants in theADB 13" RETA 6489 Review and Planning Workshop
Reducing Pest and Postharvest losses in Rice Produnspecting the alogical
engineeringesearch site located at Cai Be in Tien Giang ProwincE' Decembe2009
(Photograph: GM Guirr).
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CONGIDONGIQUANIM{RAVAVATBENHISIE U TKHUAN
RENIIUAYSU[DUNGIEONGINGHETSINHITHA)
"Community level management of rice planthoppers and associated
virus diseases using ecological engineering"
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Figurel4. Example of the signage at theoéogical engineeringesearch site located at Cai
Be in Tien Giang Province (Photograph: GM Gurr).



Sticky trapping, yellow water pan traps and a vacuum sampler were demonstrated (Figure

3). Growers hadden encouraged to avoid insecticide spraying, particularly in the 40 days
after sowing. The OEscape Strategy6 (based
district to occur after a decline in rice plant hopper catches in light traps) had also been
empbyed

The ecological engineering site extended over an area reported to be approximately 30ha
and involved 36 farmer households. A control site was located 1km away from the
ecological engineering site.

Both Professor Gurr and Dr Huynh (local collaliorawere interviewed by a local TV
station, filmed on the ecological engineering site.

Approximately 2km of earth bank was reported to be planted with flowers at the ecological
engineering site and, as an indicator of the practicality and potenialigoidy of the

method, an additional 27 km had been similarly planted in nearby areas. These plants had
resulted partly from withholding the herbicides normally used to control weeds on the
bunds.
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Figure 3. Transect of sticky traps and yelloatar pan traps (left) and vacuum sampler
(right) at Cai Be in Tien Giang Province (Photographs: GM Gurr).

Lantana, sesame, a yellow composite and an unidentified, prostrate purple flowered plant
had been planted in large numbers (Figure 4). Alliedisp tiiscontinuation of herbicide

use on the earth bank had led to good levels of understorey vegetation inexesting,
perennial woody vegetation (Figure 5).



Figure 4. Plants established on earth bank beside rice fields in ecologicalezimy site
at Cai Be in Tien Giang Province. Clockwise from top left: lantana, sesame, a yellow
composite and an unidentified, prostrate purple flowered plant (Photographs: GM Gurr).



