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Introduction

Rice production in the tropics 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 woebddédsepobuti 8hédcefthbedl9?7

production approaches have changed radically by the introduction of higher yielding
varieties and higher inputs. Recent decades have witnessed a resurgence of insect pests,
especially planthoppers. Dramatic yigbsses have resulted as pest populations develop
resistance to widely 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 accompahi®y a dramatic increase in the area of land affected by the
serious pest, whitbacked 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 a8.8M t.

As was recognised inthe ACIARponsored fAscoping study to
implementation issues related to management of the Brown Planthopper/virus problem in
rice i n(CH/R06A201Y thére is an urgent need to rethink the busihpsest
management in rice. One response to this was the International Rice Research Institute
organised an international conference in June 2008 that brought together 88 scientists,
agricultural directors and pesticide company representatives fromaaisBangladesh,
Cambodia, China, India, Indonesia, Japan, Korea, Laos, Malaysia, Philippines, Singapore,
Taiwan, Thailand, USA and Vietnam as well as the FAO to discuss new approaches, new
technigues and management tools. It is recognised that nevgisisedee required that are
based on a better understanding of pest dynamics, ecolodieakyl methods for

enhancing biological control and reducing the adverse impacts of indiscriminate insecticide
use on natural enemies. To a large degree, these Esatdrgady exist in the form of

proven technologies used in other crop systems and/or deployed in rice in limited areas.
This ecological engineerin@Gurr et al. 2004approactprovides a framework to

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

The utilization of these principles for rice pesssnow being explored with the assistance

of Professor Geoff Gurr of Charles Sturt University (CSU) is a-asthblished research
provider in the field of agricultural sci
internationally acknowledged for work integrated pest management, especially the use

of ecological approaches to enhance biological control of pests. Prof Gurr is collaborating
with the International Rice Research Institute (IRRI), initially underta&hgoctrips to

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

d

enc


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

entitledEcological Engineering to Reduce Rice Crop Vulnerability to Planthopper
Outbreaks.

This interim technical report concerns the first trip undertaken by Prof Gurr under the
terms d the Letter of Agreement, visiting ecological engineerggparch sites at Jina
China andCai Be, Vietnam and meeting with collaborating scientists

Activities andRecommendations

Jinhua, China

Prof Gurr travelled to the ecological engineeniagearch site located near Jud)
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 pest management strategiesbeadimplemented, 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 arangement well suited &cological 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 encimgragtural enemies.

The first of these was extensive planting of flowering plants on the bi8aee hnds
were planted with soybean acdsualbbservations in the district suggested that this was
not an uncommon practice. Many bumasthe researchteiwere also planted with
sesamgSesamum indicunandthis plant pecies wasipparently nocommonlyused in
thedistinctthoughgrownextensivelyin upland areaef the province Sesame was just
starting to flower at the time of the visit (Figure 1)h€lpractical rationale for use of
sesame was its agrononaempatibilitywith 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 perspectivephesence of white flowers is encouraging
because this colour is generally regarded as attractive to many pargsigoEgum et al.
206) It waslocally considerea preferred foraging plant for honey be€&ther white
flowering species shown to baluable in ecologicangineeringystems developed in
different crops include coriandeZd@riandrum sativury buckwheatfagopyron
esculenturpand alyssumLobularia maritimg (Gurr et al. 2006) The fact thasesame



flowers in an indeterminate manr(ea 2 mowill also provide 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 sperieghe literature on ecological
engineering does happear to cover this plant

Figure 1. Sesame planted on buadsoundingice 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 ecologigiheeringite, this

number being greater than that required for monitoring planthopper immigration. These
may trap the pest in sufficient numbers to contribute towards pest suppredsévais,
however a risk that natural enemies, particularly some hymenopt@sitpids could be
killed. Light trap 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 lighps in the ecological engineering

area couldalsoattracti but not necessarily kil pestsfrom the nearby control area

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

Some bunls were planted with wild rig Zizania(unknown speciegndSudangrass
(Sorghum vulgarear. sudanensgg(Figure 2) Zizaniathis was said to be beneficial in



supporting nofpest planthopper (Fam: Tropiduchidae, unknown species) (Figure 3) that in
turn were hosts gfarasitoidspeies that also attached rice planthoppEris needto be
investigated to confirm the identity of the species and that it issspbnsibldor direct

damage to rice or a vectordfal diseases.Sudan grass was said to be valuable as a trap
crop forLepidoptergoests. Stem bore€hilo suppressalis) aridaf folder
(Cnaphalocrocisnedinalig were the mosimportantof these.

Figure 2 Wild rice planted on bunds surrounding riceldis on research site near diah
Zhejiang Province, China (1&ly 2009, GM Gurr).



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

Figure 4. Roses (backgrawd) planted adjacent tice on research site near Jirat
Zhejiang Province, China (16 July 2009, GM Gurr).



Apart from bundmanipulations, thepresencef ornamental roses as a crop commonly
grown in proximity to rice (Figure 4) may have value in pravigiectarto natural

enemies. Though the blooms are removed for sale some (lower quality ones) may be left
on place (Figure 4). Roses afsassesextrafloral nectarines that can provide nutrition to
parasitoidsrrespective of thavailability of inflorescences.

On 17 JulyProfs Gurr and Lv met with staff of tiiénhuaPlant Protection Station. A
summary was provided oélatedresearch conductdsy local staffin the lead up to the
current work. This included use of soy and sesame intercrogpidgngrass as a trap
crop forstem borersattract and kill lamps, sex pheromonessi@am borersindleaf folder
resistancenonitoring, pestesistancéreeding in rice, insect taxonomy and use of ducks
for pest control.Work was also underwdgoking at other possibl@owering cropplants

for use in ecological engineering. These included a white flowering giagéron
annuus(Asteraceae It was clear that much of this work had been of direct benefit in
setting up so effectivelthe ecologicabngneering strategies on the research site.

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

sampling proposal (séppendix1). These issues were the extent of need for equipment
and training to be provided to the Guisite (Guangxi Province), how best to provide
taxonomic services to the overall project, the meridirgfctional pitfall traps, changing

the regularity of some sating protocols to reduce labotequirements.The latter

proposal was to useeekly irternalsfor 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, tillering, booting and
milking stage of rice growth.

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

That eveningafter travel back to Hangzhaaworking dinner was held during which
Profs Gurr and Lv were able to discuss their trip with Zhejiang University collaborators
Prof Cheng Jia An and Dr Zhu Zhen Rorighe 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 could compronirgedtigy of
the overall, twetreatmentand four siteexperiment being set up across China, Vietnam
andThailand For example, an experimesastingthe effectof sprayvs. no-spray



treatments could lead to depleted natural enemy numbers in the wider ecological
ergineering area. In contrast, experiments that tested the retaiitsof different
candidate nectar plants, or that used dye of rubidium chloride to track reatenay
movement betweecropand norcrop habitats, would bavailableand would not
compiomise the overakbxperiment

Cai Be, Vietnam

On Sundayl9 July Prof Gurr travelled to Ho CMinh City accompanied by Prof Cheng

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

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

Giang a field trip commenced to the ecological engineering researc¢higitee 5). This
comprised 36 farmdrouseholdgsovering an ara of approximately 30hBhought the area

was made up of separately owned crops they appeared to be largely contiguous rather than
being broken inot siscere crosp bounded 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 ricendividual farmers were responsible &®lectingtheir own

rice varietiesin the ecological engineering and nearby control area but no hybrid rice was
beinggown.P| anti ng was synchronized in the regior
reducingexposure to immigrant rice planthoppers. At the time ofithie bunds had been
sprayed wittherbicide(Figure § in preparation for planting with nectar grourmbers. A

yellow flowered Asteracee specieésaid to beVedalia striolatabut identity to be

confirmed)was beingropagatedrom stolons at theearby miversitycampusursery.

The basis for itselectiorwas that it was easy fyopagateprostrategrowth habitsocould
withstand trampling and had indeterminfitevering. Unlike the soybean and sesame

used in Jinhua, China, it had no intemtvalueas a dual crop.

The rice crop was at an advanstdgeof vegetativegrowthso an opportunity to nasure
the benefits of ecological engineering via bgndundcoversvould have tavait until
planting of the second crop in early November.
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Figure 5 Ecological engineering research site, Cai Be, Vietnand(#02009, GM Gurr).



Figure 6.Herbicide-treated 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 methods to bsed in the projectlt 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 bowlsitmize the

risk of theft. The fod containershouldbe sprayed with thpaintdetailed inAppendix1.
Other than covering thiesuegaised in earlier discussion at timeetingin Jinhua a key
aspect that was agreed upon was the use of 100% ethanol to preserve arthropod samples.
This would 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 parasitoid fauna of rice pests. Dr INauld be the Vietnamese contact

person for thignitiative. Thevacuumsampler available to Vietnamese staff was inspected
and measurementakento allow Prof Gurr to check availability of similar devices in
Australiafor dispatch to Asian collaboratorsDiscussion extended to anothesgible



bund ground cover speciélgjdax procombengAsteraceae), that was said to be yellow
flowered and easy toropagatdrom seed. There was recognition that laboratory
experiments were important to assessrefitto key parasitoid species of &ss to such
flowers and Prof Gurr agreed to make available tafieshoppergsite copies of key
articles that gave detail of methods (eg Begum et al. 2006).

Conclusions

Several recomendatiomgere made during the visit atlee most important of thess 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 projectthat rigorous and
CONSISTENT sampling and datapturemethodsare used on aliites. This will allow

data from different sites in China, Vietnam drithilandto beanalyzedogether. It is also
important that oreachsite samples are taken in a manner that is consistent 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 experimettstrack movement.
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Appendix 1: Amendmentsto working documentsuggested by GM Gurr 11
July 2009

Sampling protocok for studying arthreped-biediversity-ecological engineering
for rice pest suppressiorin irrigated tropical rice-ecesystem

Arthropodbiodiversity may be studied through samplinguntingand identifying the

specimens Wherever dentificationto hamedspecies is not possible, individuals should be -( Formatted: Font: italic
identified to O6mor ph osgensableaxohomicarthTéis wi se kno
means that specimens are sorted into categories in whioligitlualsareidentical. For

exampl e 6l chneumoni &pedinfensshouldbe preservecttd dlowd # 3) .

follow up ideitification. Scope for DNA barcoding is being investigated. Speciemens can

be pinned irthenormal manner of preserved in 100 ethanol. Bulk, unsorted saram

best stored in a deep freeze until sorted. Scrupulous attention needs to béaeiihtp

such bulk samples and individual specimens (eg, date collected, site, exact position or plot

number if from within an experiment c ol | e c t o rminBnunmyia-speciea r e t h e

Several sampling techniquese to be used in the overall IRRI/ADB projeety-be-used

Insect sweep net

The use of sweep netassimple and inexpensiveay to monitor the presence of a variety

of arthropodsisectsin the ecosysta. If samplingeffort is consistent (eg0 sweepsr 30

seconds sweepinghilst walking slowly though vegetatiosamples can also be used to

infer relative abundance of arthropods within a vegetation type. The sweegteais
funnelshaped net, whitis madeup of acetten-mushimylon or similarsyntheticfabric. It

is important that th&henet ismounted on a ridgit metal ring rather than wire. This

allows the net to be swept through dense vegetation, dislodging arthropods. 6Tke neti n g
is attached to a longvood or metal handlelwoedenframeA standard sweep net has a

diameter oR8 cmwith a length of 71 cm long. The stick handl@iout74 cm long. | Comment [g1]:  Shounid we provide to
"""" collaborators a number to suitable nets t
ensure comparability and quality?

C 20 om S———

71cm

;



A typical sweep net

How to use a sweep net

1.

2.

6.

Hold thesweepnetnearthe end of the handigith the hoop end nearest to the
ground in front of you.

Swing the nefrom side to side in a full 18@rcor forming a semicircle. Keep the
circular frame of the open end of the net perpendicular to the ground and pointing
to the drection of the swing.

Sweep one stroke per step as you casually walk through the field or down the row.

Do not swing the net up and down.

In short vegetation, swing the net as deeply as possible.

In taller vegetation, sweep only deeply enotmkeep uppr edge of the sweep net
opening even with the top of the plants.

Thenetshould nogo more thar0-inche@5cmbelow the top of the planturing |
sampling

Sampling arthropods by a sweep net

1.

2.

Sample arthropodseekhyreronce a weektarting from the tilleng stage (30 |
DAT) until the flagleaf stage (80 DAT) of the rice crop.

Sampling must be done at 10 am in the morning when all the mornirghdexe
evaporatedAvoid sampling in wet weather.

. Start to sweefrom theendcornerof thefield towards??7Do twentysweeps

which corresponds tonesample.

The secondwenty sweeps going to the center of the field #edthirdtwenty
sweepgoing to theotherendcornerof the field.

A total of sixty sweepéhree samples)long a diagonal pattemill be donein
onefourth hectare =

Swing the net as hard as possible after the last sweep. This will allow the insects
be deposited at the funnel end of the net.

7. Close the net bgrippingthe mid sectiofy the palm.
8.
9. Transferthe collected insecia 3 labeled vials withL0G76% ethanokieehel

Invert the net andyi the collected insects plastic bagsand label with tags

Suggest pic be replaced or deleted as this is not proper sweep net tequsughernis

length posture is more typical of tryingdeich a specific specimen.

Comment [g2]: We need to discuss the
underlying research questiots it simply
what is the arthropod fauna in a givepg?
If so a zig zag pattern in random parts of
paddy is best. We might want to also as
the question what is the fauna in the crog
various distances from edge vegetation ¢
different types.




