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Summary

The provisionoRA a4 S &S FNBS LI I yiAy3I YFIGSNRAIE Aa I 1S& RNAGS
which currently achieves the highest commercial yields in the world. Australian Sweetpotato GrowéhSPG)
investigated how to improve productivity of elarm multiplication nurseries (plant beds). Their feygar project

also studied virus occurrence and threats to the Australian industry and explored new techniques for detecting

viruses. The project worked closely with commercial sweetpotato growers inr@lesel and Northern New South
2 £ Sax NBLNBaSyaGAy3a odps 2F ! dzA0GNIf A Qa LINBRAzOGAZ2Yy @

Queensland scientists monitored grower plant beds over four years, assessing production of planting material
(sprouts), and problems, such as plant bed breakdown, that arogagithe season. They investigated
management options such as sweetpotato root size, plant bed nutrition, irrigation and soil temperatures, in
detailed experiments at research facilities and withfarm collaborators.

The virology team surveyed virugaesent in the Australian industry, and how they varied geographically and
across the season. They compared different diagnostic techniques, including herbaceous indexts],|N&knd
gPCR for accuracy and cesficiency.

Research demonstrated sprout ttiplication could be improved 25% by constructing higher, \dedined plant
beds, only covering bedding roots witkb3m of soil, irrigating sparingly early, and keeping soil temperatures
between 1726°C in spring by careful use of plastic covers. Tdraidant issue was premature plant bed
breakdown, particularly with the new, nematodesistant cultivaBellevue The project investigated physiological
and pathogenic causes of breakdown and developed guidelines to reduce risk.

Surveying found only two nirviruses, sweetpotato feathery mottle virus (SPFMV) and sweetpotato leaf curl virus
(SPLCV) in commercial cropping areas. North Queensland has two more viruses at leasity himymarket

garden situations. The Australian industry planting matedhkse is free of viruses, and by using pathegen

tested material, virus infections have negligible impact on yields.

Herbaceous indexing wittpomoeasetosais still the most reliable method of detecting sweetpotato viruses but is
very time consuming. Moletar technologies such as qPCR proved accurate for two viruses, however for several
endemic and exotic viruses, current assays produced too many false negatives, particularly testing asymptomatic
sweetpotato material. The molecular technologies are vet-effective and are rapidly improving. The project
developed new virus assays for endemic and exotic viruses not currently in Australia.

The project team prepared plant bed and virus management guides, as well as fact sheets and experimental
reports, avdable on ASPG and Hort Innovation websites. They had excellent engagement with well over 85% of
current Australian sweetpotato growers, through-éarm visits, and 24ield days and workshops during the

project. The project also developed exciting collaime relationships with sweetpotato researchers at several
Australian Universities, neighbouring Pacific countries, and particularly scientists from Louisiana State University.
The latter were involved in several reciprocal visits over the four years.

Futther research into the causes and management of premature breakdown of plant beds would certainly benefit
the Australian industry, as would improvement in molecular diagnostic assays for virus detection, to support
sweetpotato industry biosecurity.
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Introduction
Background

As outlined in th&2013Australian Vegetable Indtry Strategic Investment Plgipage 43)since the early 2005,

the Australian Sweetpotato Industgnderwentmassive expansion and productivity improvemdts farm gate

value was estimated at $880M in that year The dramaticproduction increase of armd 17% per annum over a
decadehad been associated with significant investment in research, development and extension TR®E)
seminal work done b¥ricColemaret. al. (2006), demonstrated that using high quality, vifuse planting

sprouts of consistent length and condition, planted precisely, improved marketable sweet potato yields by 80%.

Sweetpotato viruses and phytoplasmas are of particular concern: Currently more tharu86s infecting
sweetpotato, assigned to families, have been ideified (Clarket. al. 2012).Sveetpotato viruses are associated
with significant yield decline (Loebenstedh al. 2009, Clarke and Valver@909). Several world authorities have
attributed viral diseases as the main cause of yield decline and thereémlend of cultivars globally (Salazar and
Fuentes2000).

Research in the last twthree decades has consistently demonstrated viruses in planting material was the major
agronomic factor limiting production of eveshaped, smoottskinned (i.e. easy to pgehigh yielding
sweetpotatoes. A consumer study clearly identified that ease of use and reliability of quality was one of the key
factors persuading consumers to preferentially purchase sweetpotatoes (Gethiag2012).

One of the most significant RD@Etcomes in the last decadeasbeen the development and commercialisation of

the system for supplying pathogéhS a G SR &FtNGSOSS) WEHA NG y 3 YF GSNRF € (2 3ANJI
structured process. This PT planting material system has besimcsessful that 100% of the current Australian
commercial sweetpotato production utilises this scheme. It is also currently being adapted and promoted for use
internationally, even in developing countries such as Papua New Guinea (Dehrgk2013). he situation is

GSNE aAYAETFNIAY (GKS ! {1 X gKSNB GKS& KI@S Y2@SR (2 t
(Labonteet. al. 2004).

The virus disease situation is far from resolved. Most research to datédtassed on Sweetpotato Feathery

Mottle Virus (SPFMV). Thenasvery limited knowledge of other sweetpotato viruses that may or may not be
LINBASYyd Ay 1 dzaGNFtAFIQa O2YYSNOAFET agSSiLRGFrG2 ONRLIA
mutate and recombine genetic material quiteadily andbecome less detectable by ultspecific diagnostic

methods. Itwasimportant that clean planting material programs use up to date virus testing protocols, to

guarantee freedom from virus. The currentstalian PT program tests for SPFMV and nine other viruses using a
standard NCM ELISA procedure, backed up by virus indexing.

A critical component of the PT process is the conversion of PT storage roots from the scheme into commercial
cuttings for plantingMost growers purchase their PT roots from February through to October, although many
were chasing a/earround supply. These roots are then planted into designated planting beds. These beds are not
large in area, in the order of 1D000square metres. Sue larger growers may have bigger arddigh quality
sproutsare producedrom these storage roots. They are harvested once they reach ideal planting length (around
40 cm); they are cut by hand and transferred for planting in commercial sweetpotato. fiddse growers may be
forced to use second generation cuttings once removed from the initial PT roots, due to lack of PT roots in
proportion to their prospective planting areas.

Opportunities for improvement

Firstly, therewasa constant need to keep abreast of continually evolving sweetpotato viruses especially those in
the Geminivirus family. This requires-going assessment of sweetpotato virus diagnostic techniques in use
globally, to improve field detection methods in Atadia and identify where there are gaps in these technologies.
As new viruses are identified, purified antiseanbe developed and detection methods are improved for rapid
analysis of the national situation.

The pathogen tested sweetpotato planting material scheme relies on the capadalgteot (and then remove)
viruses. Because viruses are constantly changing (recombinants), up to date virus testing is essential to guarantee
freedom from important sweetpott viruses.
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There wereidentified biosecurity riskconcernsaround our sweetpotato protocols. The Australian Sweetpotato
industry requirel knowledge of (a) which viruses are already present in Australia; (b) which viruses are present in
significant tradng partners likely to supply product to Australia and (c) how can we effectively test for this suite of
viruses and virus complexes.

This projecRDE would support aASPG long term plan to improve quarantine (although development of such a
planwasnot anintention of this project) andassist in future pathogen and vector management in the main
commercial sweetpotato cropping areas. It will also inform and provide guidelines for the development of
contingency plans in the event of a new incursion.

Plantingbed management
This project airad to:

1 Investigate the causes of planting bed loss; issues such as anaerobic conditions, pathogen infection, and
the role of irrigation management. The drive is to minimise the risk of these catastrophic losses.

1 Describe tle practices that impact on the capacity of the planting bed to generate physiologically
hardened, yet rapiggrowth capable sweetpotato cuttings, which can provide high numbers of marketable
sweetpotato roots per cutting throughout the sweetpotato croppseason.

1 Describe how to determine the balance between sequential cutting of existing planting beds, and when to
switch to a new planting bed.

1 Ouitline the desirable equipment and land resource attributes that can best deliver optimal planting bed
conditions; e.g. row covers, irrigation infrastructure, soil condition and nutritional status, PT root planting
arrangements (orientation, planting depth, root size and density).
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Methodology

Project target audience

The project wagrimarily aimed at growersconsultants, industry serviaggganisationsand businesses that work

with the Australian sweetpotato industryThe industry is very concentrated, with 95% ofizi (i Nsbninercid® &
productioncoming fromwithin 100km ofthe coast betweerRockhamptor{Central QLDand Cudgen (Northern

NSW); seeAppendixl, although North Queensland is starting to regain a presence at the time of writing this

report. The three core members of the project teg@raigHendersonSandra Dennien andachael Langenbaker

had extended conversations witit least 85% ofweetpotato growers andelevantindustry serviceseither at

industry field days, or on their farmseveral times during the projedBrowersplantingmore than10 ha of

sweetpotatoes per year represearound 50% of the growggopulation butproduce nearly 90% of dz& (G NI £ A | Q2
sweetpotatoesWe engagedwith those growers as our prime target audience, apecifically visited them several

times per anmm.

A secondary target audience for the virus diagnost@msmponent of the project wascientists, regulators and
service providersupporting biosecurity at regional and national levels. The Australian indestommitted to
ensuring Australia hasapacity knowledge and intent to maintain freedom froseveral important viruses
currently not found in this country.

Improving sweetpotato plant bed productivity

Baseline industrypracticesurveyand sweetpotato plant beds literature review

Between AptiSeptember2014, we surveyed 4Australian sweetpotato growing businesses on their use of
PathogenTested (PT) planting material in their production systéfrsoendixl). Each face to face interview

contained 27questions i@ntifying their current practices, as well as their key issues, and thoughts on research
priorities for plant bed improvement KS o6dzaAySaasSa O2@0SNBR NBLNBaSyd | LIL
commercial sweetpotato production.

Early in the projectve reviewed thescientificand extersion literature on management issues and best pradtice
sweetpotato plant bed system®utputsp 13).

Thegatheredinformationwas used tgrioritise growermonitoring anddetailedexperimental activitieassociated
with the plant bedmanagement component of the project. The research &smed the basis for thénitial
iteration of the published plant bed magament guide(Outputsp 13).

Seasonaimonitoring of grower plant bedgAppendix2)

In each sweetpotato production season (assumed to commenceJulgfinstallation of plant beds the project

team monitaed performance and productioissues with growe@lant beds in Cudgen, Lockyer and Bundaberg
districts Monitoring involvedrecording grower§plant bed layout, structures and managememactices,
benchmarking their sprout productivitjrough samplingand recording any obvious productivity issusthe

same time, we discussed the grow&rgews onseasonal performance, and any issues they felt were impacting on
their plant beds. The monitoring focussed o Bey growers irboth Cudgen and Bundaberg, ang@wers in the
Lockyer Distrigtvisitingthem & least every 2nonths However, weadditionallytook advantage of regulatistrict
visits for experimental or other extension activities to colledbrmation on plant bed performance and
productivity issues.
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Targeted experimentainvestigationsinto plant bed performance

We conductedseven major field experimentiuring the projectthree at the Gatton Research Facility and four on
collaborating grower properties in Bundabeifidhese studies investigatede impacts of the following issues on
plant bedproductivity poth quantity and quality of sproutgndlongevity:

2014/15 Bedding root size and gradeultivarBeauregardGatton, Bundaberghppendix3.

2015/16 Nitrogen nutritionof plant beds, cultivarBeauregardBellevue, Orlean&atton, Bundaberg)
Appendix4.

2016/17 Rates of organic and inorganiitrogen fertiliser cultivarsBeauregard, Bellevug&atton). Robin
Scarffe Honours ThegiQutputspl3).

2017/18 Irrigation strategies andubsequent soil watestatus cultivarBellevugBundabergPppendixs.

These experiments comprisaik treatments replicated four times, using a total ofré®f plant bed We assessed
sweetpotatosprout production and qualithy sampling, usually-B cuts every 34 weeks over a period of
6 months

We corductedtwo demonstrationstyle studiesn Cudgenin 2017/18,using large commercigrower plotsto
further evaluate the impacts of bedding roozsionpremature breakdown ofultivarBellevuen plant beds

(Appendixb).

In January/Februar2018, weimplemented a pilot study exploring the use of growth cabinets to investitjee
physiological and pathological causes of premature breakdovBetévuebedding roots We placed roots in tubs
of sand andcexposed them to controlled temperature and huritidconditions for a period & weeks We then
assesed their condition andsanpled for pathogenicorganisms Appendix7).

Assessingweetpotato sprout potential

Wereviewedthe literature on key drivers of storage root initiation from sweetpotato planting matevi& also
reviewed what experimental hniquescould be useful to index the potential yields of sweetpotato sproe
extensively planted out sprouts from our experiments, however found results extremely vaiiglendix8).
After the project midterm review,we focussed our efforts on controlled environment systems (aeroposiyl
culture systems)o be able to index sprout qualityparticularly a rhizotrobased system tgsequentially observe
root development from sproutsippendix9).

Virus management and diagnostics

Virus incidence and diagnostics literature review

Early in the projectve reviewed thescientificand extension literature on sweetpotato viruses throoghthe
world (including Australig as well as best préice diagnostic and sampling techniquésutputsp13).

Thisinformation was used to prioritise monitorirggrategies for viruseand diagnostic techniqueassociated with
the viruscomponent of the project. The research afeomed the basis for thénitial iteration of the published
virus management and diagnostic gusd®utputsp13).

Virus surveys and diagnosti¢Appendix10)

From Januarg014 to Januar018, sweetpotato samples ampomoeaweeds were collected from the major
Australian sweetpotato growing regions of Australia. Vine cuttings and/or storage roots were allocated an
identification number and entered into the sample database with collectietaits.

Seeds of the biological indicator plahtsetosaseeds were potted within an insect proof glasshouse and graft
inoculation was performed each summer from OctoB8d4 to Januarg018. Sweetpotato vine sections
containing at least one node wereafted ontol. setosaplants, as per Lovet al. (1987, Beetham and
Mason(1992), Fuenteg2010 andDennienet al. (2013). Previously tested known positive control plants for a
range of viruses and Phytoplasma were also grafted. All plants were obsesttedata recordedveeklyuntil

42 days post grafting.
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At 14-21 days after graftingtissue from graft inoculated plants was then subjected to a Nitrocellulose membrane,
enzyme linked immunosorbent assay (NEMSAX specific antibody assgyirchased from the International

Potato Centre (CIP). DNA and RMA&re also extracted and quantified at this time and stored2@°C for

downstream gPCR. All gPCR assays were performed on a StepOhéRbptied Biosystems) real time

guantitative PCR siem.

The following published gPCR protocols were used in the detection of sweetpotato viruses witB@GRF
(PTBeauregard) used as a negative control:

1 Sweetpotato leaf curl virus: published protocols as per Bar@ég1) were used with positive control
plants GRB0Oand GRI03.

1 Sweetpotato feathery mottle virus along with the closely related Sweetpotato virus 2Eymoeavein
mosaic virus: published protocols as per Kokkinos and (2@86), SPFMV positive control plants
GRR00, GRBOL.

1 The exoticSweetpotato virus G (SPVG) gPCR was run using published protocols as per Kokkinos and
Clark(2006).Imported samples previously testing positive to SPVG in NELNEA as part of ACIAR project
HORT 2014/097 were used as positive controls.

1 Published protocd for the detection of the exotic Sweetpotato chlorotic stunt virus (SPCSV) as per
Kokkinos and Cla2006) and Fuente®012) were used with samples previously imported as part of
ACIAR projed®?C2011/053

1 Phytoplasma gPCR protocols were obtained froffFDMareeba and assays were run using positive
control plants GRB57, GRB56 and GREQ08.

1 Positive control plants for Sweetpotato collusive virus (SPCV) were sent for next generation sequencing
(NGSJ)o facilitate development of gPCR primers and prolmesdnjunction with Amit Sukal (QUT).
Protocols are currently undergoing review and efficacy testing prior to publication. Positive control plants
GRF69 and GRB5 and negative control plant BBeauregard were used in this assay.

1 SPCFV: In the absenceanfy published gPCR protocols to detect Sweetpotato chlorotic fleck virus this
project facilitated the development of a specific gPCR primer/probe set based on published sequence
data on identified isolates in conjunction with Bmit Sukal (QUT). Assaysre/eun with known positive
control plant GRB23.

I[pomoeainvestigations

Current virus indexing relies dnsetosaas the graft plant, as displayshe broadest and most consistent
range of virus symptom&mma Coleman and Sanddannieninvestigated tle potential for alternative
Ipomoeaspp. to host sweetpotato virusesThe intent was to increase the indexing winddveétosacan only
be grownfor 8 months of the year irGatton) and determine if othelpomoeaspecies could offer different

virus segregiéon opportunities tol. setosa(Outputspl3).

In conducting the above study, it became obvious theesconfusionabout national and international trade
in Ipomoeaspp. and the potential threat to the Australian sweetpotatalustry. Mary Firrelproduced a
report detailing the situs oflpomoeaspp in AustraligOutputsp13).

10
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Industry engagement

Direct growervisits

Project team experiencmeant we knew regular, direct contact withdividual gowers was key to establishing
effective extension pathway#$roject team members met with sweetpotato growatdeast monthly througbut
the project as part oimonitoring, experimentmplementation or issue identification activitigseeOutputsp 21).

Industry events

The project team conducted22najor industry field dayer workshops during the projecten in Bundaberg,
eleven in Cudgerand one on the Atherton Tablelantihe workshops comprisgatesentationson project results
to date, information on updated begiractice componentsand advice on future activities. They also often
involvedpresentationdy allied sweetpotato researcherBom Australia, or international sweetpotaszientists

Held days focussed on specifiant bed issues, such as the impacts of bedding root size, or premature breakdown
of Bellevue

In addition we conducted a tour of the Gatton Reseafefcilities focussing on virus diagnostiasd plant bed
research, in Naamber2014. This tour included hands grafting experiences, and laboratory demonstrations
and was attended by@growers and associated businesses from BundabedfCudgen as well as four Lockyer
growers.

We advertised events by mail, email, SiSone and direct contact

Best practice guides and factsheets

Using the information developed through monitoring, diagnostics and experimental actiétegell as industry
consultation, he project teanbi-annually updated Best Practi€Giidesfor plant bed management, virus
management and virus diagnosti&andra Dennien prepared a factsheet®weetpotato Chlorotic Stunt Virus
one of the most damaging sweetpotato viruses currently not in Austfaliaprobably present in close Pacific
neichbourg in June2016.These were lodged on the ASPG website and with Hodvation(Outputsp13), and
growers were regularly advised of their existence at industry days and in email ugse¢gsutputspl19).

Broader community engagement

The project focus was on servicing I@ayershowever,the project teamgave presentations to broader farmer
and community groups on several occasiohise project team also developed aréislforgeneral horticultural and
rural media, which were carried in at leasp8blications(seeQutputsp20).

Collaboration and developing industry capacity

National

During theproject, the team regularlynteractedwith other sweetpotato researchergarticularly from Central
Queensland University (CQU) and University of Southern Queen$l&d@), sharinmpformation, and providing
advice onindustry issuesThe team conducted collaborative activities andBellevuebreakdown Appendix7)
andinvestigating sprout productivity®ppendix8). The virus teanenlisted the meta data analysis expertise of PhD
student and SPC, Fiji virologist Amit Swki#h Queensland University of Technology (QUNQrthern Australia
Quarantine Strategy (NAQS) ad8Q(Appendix10). The project also mentored and-sapervisednternships and
honours projects for two students from tHeniversity of Queensland (U@utputspl3).

11
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International

Sandra Dennien continued close relationships with Segundo FuiatesCIP Peru, andiagnosticians abPC Fiji
The projecteamdevelopedcollaborationwith USA sweetp@tto researchers anéacilitated visitso Cudgen and
Bundaberdyy severakcientistsattending the2014InternationalHorticulturalCongress in Brisbanégpendix11).

The project supported and doinded visitsdy Sandra Dennien and Rachael Langenbaker (2015%; rangl
Henderson (201 7p USA sweetpotato growing regiaresnd particularlyouisiana State University scientists
Professor Arthur VillordorDr Chris Clark, and Myon Labonte. It also funded and hedta return visit by
Prd. Villordon to Cudgen, alueensland sweetpotato regions, Sydney markets and Hodvation
(Appendiced 2-14).

Project management

The project teanhad nine project teleconferences with the ASP@&dakve, to regularly provideipdates and
receive feedback on project activitiedlr Hendersorhad annual project reviews with the Hortnnovation
Program Manageigenerallyaccompanied by key ASPG grower. These reviews were usually around a major
milestone report

In Februarn2016,Professor Calum Wilson from the University of Tasmania conducted-gemidreview of the
project In responséo his report,the project team added several new project activitgsundvirus diagnostics
sproutproductivity and collaborative internationalsits(Appendix15).

12
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Outputs

Sweetpotato industry management guides, literature reviews and fact sheets

The two management guides for growers, the sdingpand diagnostic protocol, and the CSV fact sheet are the
enduringwritten outputs from the prgect. They synthesise the research knowledge, project team and grower
experiences, and collaborator wisdom gathered during the project. Apart from represgihiincurrent state of
knowledge, they are also foundational blocks on which future technologies, research and experiences can
improve.

The grower guides were updated annually during the project, and the 2qir8 versions stand as the most up to
date representations of industry best practice at the time of publication. Because there is current wptkran
bed managemenand sweetpotato virus diagnostiqshough somewhat limitedn ongoing projects, it is probable
that the management guides andiagnostc protocols will continue to be annually updated for several years

Additionally, literature reviews on sweetpotato plant bedanagement and virus detectioa,report on
Ipomoeaspp. trade and importation, agell as two student honours thes onherbaceous indexing and plant bed
nutrition, were also completed as project outputs.

The full list of guides, factsheets and reports are:
1 Managing sweetpotato plant beds guide 2018
Managing sweetpotato viruses guide 2018
Australian sweetpotato pathogetesting procedures 2018
SPCSV fact sheet 2016

1
1
1
1 Alternatelpomoeaspecies as a diagnostic tool 20(Efnma Coleman Honours Thesis)

1 Fertiliser impacts on sweetpotato plant beds 2qQRobin Scarffe Honours Thesis)

1 Ipomoeaspecies importation implications 2018

1 Sweetpotato virus detection review 2018

1 Sweetpotato plant beds literature review 2015
All of theseproject documentsas well as this Final Repaate available on the ASPG website at

http://www.aspg.com.au/pastprojects/

Similarly, Hort Innovation also lodgeme ofthese project materials on their sweetpotato website at:

http://horticulture.com.au/growerfocus/sweetpotato/

Industry w orkshops and field days

The focus for project extension was always about providing face to face contact with growers and inskistay.
be seen below, the project team held major industry events inkiénesweetpotato growing centres (Bundaberg
and Cudgen) everyonths.

Notes for interpretation of Output Tables.
* Denotes guest presentations at VG13004 organised extension event
**  Denotes VG13004 presentation at event organised by other groups

*** DenotesTopics NOT accompanied by available Presentation files. All otherpFregiatationsavailable on
request fromASPG.

13
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2014
DATE LOCATION PRESENTE TOPICS AUDIENCE ATTENDEE
28MAR2014 | Cudgen Craig Introduction to Hortinnovation Growers and 39
Leagues Club, Henderson project VG13004 industry
Cudgen Sandra VG13004 virus research componer
Dennien
Craig VG13004 plant bed research
Henderson component
04 APR2014 CQU, Craig Sweetpotato innovation Growers, >100
Bundaberg Henderson partnershipg* industry and
community
13MAY2014 | Old Bundy Sandra VG13004 virus research componer Growers and 48
Tavern, Dennien industry
Bundaberg Craig VG13004 plant bed research
Henderson component
19AUG2014 | Cudgen Craig Optimising plant bed performance Growers and 37
Leagues Club, Henderson in sweetpotato industry
Cudgen Arthur Sweetpotato root architecture
Villordon
Christie Sydney sweetpotato market
Chang
Mike Sweetpotato research in Papua Ne
Hughes Guine&
David Picha Sweetpotato posharvest caré
Don Sweetpotato cultivars from LSU
Labonte
21AUG2014 Brisbane Craig Optimising plant bed performance International 31
Convention Henderson through adaptive research with the sweetpotato
Centre, Australian Sweetpotato Industty scientists,
Brisbane growers and
industry
25AUG2014 Old Bundy Craig Optimising plant bed performance Growers and 62
Tavern, Henderson in sweetpotato industry
Bundaberg Arthur Sweetpotato root architecture
Villordon
Theresa Sweetpotato nutritiorf
Arnold
Mike Sweetpotato research in Papua Ne
Hughes Guine&
Theresa Sweetpotato plant bed densitigs
Arnold
Don Sweetpotato cultivars from LSU
Labonte
13NOV2014 | Gatton Sandra Virus diagnostics (herbaceous Growers and 34
Research Dennien indexing, ELISA, gPCR) industry
Facility, Gatton Craig Plant bed research and
Henderson management™
4DEQ014 Farm field Craig Plant bed experimental work and  Growers and 22
walks Henderson  early results™ industry
Bundaberg
4DEC014 Old Bundy Craig Plant bed research update Growers and 33
Tavern, Henderson industry
Bundaberg Sandra VG13004 virus research update
Dennien

14
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2015
DATE LOCATION PRESENTEF TOPICS AUDIENCE ATTENDEE
23MAR2015 | Cudgen Craig VG13004 plant bed management  Growers 19
LeagueLlub, Henderson component update and
Cudgen Sandra VG13004 virus diagnostics and industry
Dennien management component update
Mike Sweetpotato research in Papua Nev
Hughes Guine&
18JUN2015 | Bundaberg Craig VG13004 plant bed management  Growers 39
Research Henderson component update and
Facility, Sandra VG13004 virus diagnostics and industry
Bundaberg Dennien management component update
Mike Sweetpotato research in Papua Nev
Hughes Guine&
08-JUL2015 CQU University Craig Sweetpotato plant bed managemen CQU 15
Bundaberg Henderson research* researchers
03AUG2015 | Cudgen Craig VG13004 plant bed management  Growers 19
Leagues Club, Henderson component update and
Cudgen Sandra VG13004 virus diagnostics and industry
Dennien management component update
Mike Sweetpotato research in Papua Nev
Hughes Guine&
290CT2015 | Cudgen Sandra Sweetpotato trip to Louisiana, Growers 21
Leagues Club, Dennien, Alabama andCalifornia and
Cudgen Rachael industry
Langenbaker
07DEC015 | Old Bundy Sandra Sweetpotato trip to Louisiana, Growers 34
Tavern, Dennien, Alabama and California and
Bundaberg Rachael industry
Langenbaker
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2016
DATE LOCATION PRESENTEF TOPICS AUDIENCE ATTENDEE
11MAR2016 | Gatton Sandra Sweetpotato diagnostic facilities  DAF 8
Research Dennien and research Management
Facility, Gatton
22MAR2016 | Gatton Sandra {6SSGLIRGI G2 @ANIQLD 14
Research Dennien unknown unknowns in Horticulture
Facility, Gatton agSSaLRGlI G2Q Industry
Leaders
18 APR2016 | Farm field Craig Factors impacting performance of Growers and 19
walks, Cudgen Henderson plant bed cuttings in commercial  industry
fields
21APR2016 | Farm field Craig Factorampacting performance of Growers and 29
walks, Henderson plant bed cuttings in commercial  industry
Bundaberg fields
27JUL2016 National Sandra Sweetpotato science Expo visitors 30
Horticultural Dennien, (full tent)
and Innovation Rachael
Expo, Gatton  Langenbaker
12DEQ016 | Cudgen Craig Nitrogen fertiliser rates on plant Growers and 16
Leagues Club, Henderson beds have minimal impact on industry
Cudgen sprout production or performance
Sandra Sweetpotato virus diagnostics and
Dennien management
Mike Sweetpotatoon the Atherton
Hughes Tablelandg; a snapshot
Emma Alternatelpomoeaspecies as a
Coleman diagnostic tool for virus detection
in sweetpotato
Rob Scarffe Nitrogen application to seedbeds
Bree Wilson Biopesticides for sweetpotato
pests
15DEC016 | Bundaberg Craig Nitrogen fertiliser rates on plant Growers and 16
Research Henderson beds have minimal impact on industry
Facility, sprout production or performance
Bundaberg Sandra Sweetpotato virus diagnostics and
Dennien management
Mike Sweetpotato on the Atherton
Hughes Tablelandg; a snapshot
Andy Mead Identifying the opportunities and
impediments to growing the expori
of sweetpotatoes into ASEAN
markets
Jady Li CQU sweetpotato researth
Bree Wilson Biopesticidegor sweetpotato
pests
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DATE LOCATION PRESENTEF TOPICS AUDIENCE ATTENDEE
170CT2017 | University of  Robin Impacts of organic and inorganic UQscientific 40
Queensland, Scarffe nitrogen fertilisers on sweetpotato  staff and
Gatton (lIpomoea batata¥ sprout visitors
productiorn**
Emma Alternatelpomoeaspecies as a
Coleman diagnostic tool for virus detection in
sweet potatd*
170CT2017 | Bundaberg Craig Key factors for managing Growers 39
DAF Henderson sweetpotato planteds and industry
Conference Craig Reducing breakdown risks Bellevue
Facility, Henderson plant bedg**
Bundaberg Sandra Virus diagnostics and management
Dennien
Bree Wilson Use of LAMP for soil biota analytics
Craig Perry  Sweetpotato marketing prograim
Brian Sweetpotato Strategic Investment
Ramsay Plarr
Craig Sweetpotato Research Coordinatfor
Henderson
Craig Sweetpotato Biosecurity Activities*
Henderson
Cudgen Craig Key factors for managing Growers 29
190CT2017 | Leagues Club, Henderson sweetpotato plant beds and industry
Cudgen Craig Reducing breakdown risks Bellevue
Henderson  plant beds$**
Sandra Virus diagnostics and management
Dennien
Bree Wilson Use of LAMP for soil biota analytics
Craig Perry  Sweetpotatomarketing prograrh
Brian Sweetpotato Strategic Investment
Ramsay Plarr
Craig Sweetpotato Research Coordinatfor
Henderson
Craig Sweetpotato Biosecurity Activitigs
Henderson
190CT2017 | Farm field Craig Bestpractice in sweetpotato plant  Growers 29
walks, Cudgen Henderson beds and industry
11NOV2017 | Louisiana State Craig A snapshot of the Australian Researchers 18
University Henderson  sweetpotato industry, including and
Field Station, research activities and outcomes in sweetpotato
Chase, VG13002* growers
Louisiana, USA
15NOV2017 | University of Emma Alternatelpomoeaspecies as a Bell Medal >100
Queensland, Coleman diagnostic tool for virus detection in Awards
Brisbane sweet potatdg* night
30NOV2017 | Cudgen Emma Alternatelpomoeaspecies as a ASPG AGM 20
Leagues Club, Coleman diagnostic tool for virus detection in
Cudgen sweet potatd™*
Rachael Impacts of organic and inorganic
Langenbaker nitrogen fertilisers on sweetpotato

(Ipomoea batata¥ sprout
production**
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2018
DATE LOCATION PRESENTEF TOPICS AUDIENCE ATTENDEE
13MAR2018 | Cudgen Sandra Virus diagnostics and management Growers and 22
Leagues Club, Dennien industry
Cudgen Craig Breakdown stories in sweetpotato
Henderson plant beds
Arthur Fifty shades of phosphorus: A
Villordon sweetpotato story
15MAR2018 | Old Bundy Sandra Virus diagnostics and management Growers and 37
Tavern, Dennien industry
Bundaberg Craig Breakdown stories in sweetpotato
Henderson plant beds
Arthur Fifty shades of phosphorus: A
Villordon sweetpotato story
15MAR2018 | Bundaberg Rachael Aeroponics and rhizotron studies of Sweetpotato 12
Research Langenbaker early sweetpotato root researchers
Facility, development** and
Bundaberg Jady Li Nematoderesearch in consultants
sweetpotatoeg***
Tham Dong Hydroponic and pot studies of
sweetpotato storage root initiation
and development™*
19MAR2018 | Kairi Hotel, Mike Sweetpotato research and Growers and 19
Kairi Hughes development in Australia: a quick  industry
overview
Arthur Fifty shades of phosphorus: A
Villordon sweetpotato story
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Sweetpotato industry updates

Regular project updates were circulated to growers and industry representatives for the duration of V@h3004
the industryfeedback survejollowing the December 2016 industry meetingsowersconfirmedthey preferred
information via personal contact (visit, phone call or SMS), rather than web or email. The project team
concentrated on on@ne connection as the preferred forof extension engagement. Because of the small and
geographically contained production area of the industry, this proved both achievable and successful. Our team
conductd numerous visits to farms or small neighbour groups, combining experimental actiwitile casual
discussions about industry issues, problems and innovations. Growers were also reminded of the availability of
updated or new materials on the ASPG and Horticulture Innovation websites, which are freely accessible to all.

DATE DISTRIBUTION AUTHOR SUBJECT AUDIENCE RECIPIENT
28APR2014 | Email and Craig VG13004 project National 61
postal list Henderson introduction sweetpotato
industry contact
list
13NOV2014 | Event Craig VG13004 MS102 pdf Growers and 34
attendees Henderson Industry
02APR2015 | Email Craig VG13004 project update National 73
Henderson  pdf sweetpotato
industry contact
list
30JUN2015 | Email Craig VG13004 project update National 75
Henderson  pdf and links to sweetpotato
sweetpotato industry contact
management guides list
17JUN2016 | Email and Craig VG13004 MS105 National 73
postal list Henderson  summary notes and pdf sweetpotato
industry contact
list
1JUL2016 Email and Craig Sweetpotato chlorotic National 73
postal list Henderson  stunt virus fact sheet sweetpotato
and summary notes industry contact
list
06 DEC016 | SMS, email and Craig Sweetpotato industry National 81
postal lists Henderson, field day notices sweetpotato
Rachael (including VG13004 industry contact
Langenbaker, project items) list
John Maltby
030CT2017 | SMS, email and Craig Sweetpotato industry National 81
postal lists Henderson, field day notices sweetpotato
Rachael (including VG13004 industry contact
Langenbaker, project items) list
John Maltby

19



Hort Innovation¢ Final Reportinnovating new virus diagnostics and planting bed management in the Australian Sweetpotato Industry

ASPG Executive updates

DATE LOCATION PRESENTE TOPICS AUDIENCE ATTENDEE
19JUN2014 | Teleconference Craig VG13004 progress updat ASPG Executive 12
Henderson

18 SER2014 Teleconference Craig VG13004 progress updat ASPG Executive 12
Henderson

14 APR2015 | Teleconference Craig VG13004 progress updatt ASPG Executive 12
Henderson,

Sandra

Dennien

150CT2015 | Teleconference Craig VG13004 progress updat ASPG Executive 12
Henderson,

Sandra

Dennien

14JUL2016 Teleconference Craig VG13004 progress updat ASPG Executive 12
Henderson

01FER017 Teleconference Craig VG13004 progress updatt ASPG Executive 12
Henderson

27JUL2017 Teleconference Craig VG13004 progress updat ASPG Executive 12
Henderson

120CT2017 | Teleconference Craig VG13004 progress updat ASPG Executive 12
Henderson

07 FEBR2018 Teleconference Craig VG13004 progress updat ASPG Executive 12
Henderson,

Sandra

Dennien

General media publications

15 December 2014New virus diagnostics and planting bed management for Australian sweetpMeagetable
AdvisoryCommittee Annual Repo2013/14, p 36.

17 August2015¢ Sweetpotato growers enthusiastic about supporting focussed resebtatilink Spring edition
2015 online athttp://hortlink.horticult ure.com.au/Spring2015/4/

19 August 2016 Sweetpotato research looks to healthy roo&ood Fruit and Vegetablégigust 2016 online at
http://www.goodfruitandvegetables.com.au/story/4105363/sweetpotatesearchlooksto-healthy
roots/?cs=4917

18 September 201& Sweetpotato industry tackles viruses through scier@@eod Fruit and Vegetabl&eptember
2016 online athttp://www.goodfruitandvegetables.com.au/story/4167538/sweetpotaindustry-tackles
viruses/?cs=4928

19 September 2016 Science takes on swepotato virusesFresh Plaza
http://www.freshplaza.com/article/163638/Scienemkeson-sweetpotato-viruses

28 September 201&; Sweetpotato project showing séely progressVegetables Australigseptember/October
2016,pp 5253.

15December 2017 Sweetpotato industry clues up for the futur@ueensland Country Life.
http://www.gueenslandcountrylife.com.au/story/5110142/sweetpotaiadustry-cluesup-for-the-future/

15December 2017 Sweetpotato industry clues up for the futur@ood Fruit and Vegetables.
http://www.goodfruitandvegetables.com.au/story/5110142/sweetpotatndustry-cluesup-for-the-
future/?cs=4928
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Targeted grower visits

Rachael Langenbaker, Sandra Dennien arallesser extent Craig Henderson, regularly visited Bundaberg, Lockyer
+ftSe& IyR /dzRISy INREgSNAERZ G fSlrad ¢SS1te Ay wl OKI -
their project activities. This provided ongoing opportunities for extengnd twoway communication between

the project team and growers. In North Queensland, Mike Hugisted the increasing number of sweetpotato

growers in thategion andkept them apprised 0¥/G13004 activities and results. Because of his regular
connedionswith the VG13004 team, he was well positioned to do so.

2-7 March 2015¢ Craig Henderson, Rachael Langenbaker and Sandra Dennien visited Cudgen, Bundaberg and
Rockhampton sweetpotato growers and discussed their virus, plant bed and general agrissues: They
developed notes from this visit for future extension activities.

15-17 February2016 ¢ Craig Henderson, Rachael Langenbaker, Sandra DenniekS#@ representativessited
Cudgerand Bundaberg sweetpotato growers, accompanyihgjversity ofTasmanid@rofessoiCalum Wilsoron his
mid-term project review We discussedll aspects of project activitieBrof.2 A f argdvie@isoutlined in more

detail inAppendix15.

19-26 August2014¢ Craig Henderson, Rachaehganbaker, Sandra Dennien and associated researchers visited
CudgenGatton andBundaberg, sweetpotato growers, accompanysegentists from Louisiana and North Carolina
State Univergies on their industry tour. We discussegeneral industry agronomy ardisease issugess well as
specific project activitiesThisvisit is outlined in more detail iAppendix12.

22-24 November 2016; Rachael Langenbaker and Sandra Dennien visited North Queensland sweetpotato growers
and discussed their virus, plant bed and general agronomic issues. They developed notes fuisit &rid
presented their findings to growers at the DecemB&16 Swetpotato Industry Days.

14-19 August2017¢ Rachael Langenbaker and Sandra Dennien visited Cudgen and Bundaberg sweetpotato
growers and discussed their virus, plant bed and general agronomic issues. They developed notes from this visit,
with their findingsused at the Octobe?017 Sweetpotato Industry Days.

12-14 September2017¢ Craig Henderson, Rachael Langenbaker and Sandra Dennien visited Cudgen and
Bundaberg sweetpotato growers and discussed their virus, plant bed and general agronomic issues. They
devdoped notes from this visit, with their findings used at the OctoP@t7 Sweetpotato Industry Days.

12-22 March 2018¢ Craig Henderson, Rachael LangenbaRandra Dennieand associated researcherisited
CudgenBundaberg Rockhampton and North Queeast sweetpotato growersaccompanyind ouisiangState
UniversityProfessor Arthur Villordon on his industry toM¥e discusseglant bedmanagementand general

agronomic issue®Rrof.+ A f f 2 NR2y Qa Q@A aA GinApdendXtizit AYSR Ay Y2NB RSOl

21



Hort Innovation¢ Final Reportinnovating new virus diagnostics and planting bed management in the Australian Sweetpotato Industry

Outcomes

Substantial sweetpotato plant bed practice change and improved productivity

At the start of the project in 2014, we were monitoring values of around¢@6uts/m? as a common plant bed
productivity value, and this was usually for the most common cultBaguregardAppendix1).

In the four seasons monitoring grow&dant beds, we observed the following issues and consequences
(Appendix?).

1 Widescale replacement &eauregardvith Bellevueand Orleans The shift tBellevuehasseen a
dramatic rise in:

a) problems with sprouting, particularly in cooler weather, and
b) problems with premature plant bed bredkwn, after only 12 cuts.

1 Plant beds rotting due to being waterlogged, or because bedding roots were covered by too much soil
(more than 10cm in some instances).

1 Slow recovery of plant beds, after sprouts being cut too close to the soil surface.
1 Sporadi¢but not unusual outbreaks of disease in plant beds.

The premature breakdown of plant beds, usually associated wB&llevue was by far the most widespread and
difficult problem (seeAppendix5 Introductionfor moredetailed discussion). This was not an anticipated problem
at the start of the project.

Industry practice change between 2014 and 2017/18

Bedding root supply

The specifications for PT bedding roots have both tightened and become more nuanced. The sugetierally
harvesting his crop earlier, so there are more smadidium roots, and fewer large and oversize roots. Roots larger
than 9cm in diameter are very rarely supplied, unless there is a shortage, and the commercial grower accepts the
risks.Belleve in particularis usually supplied in the8cm rangeResearch showedithin the 49 cm diameter

range, there was no difference in sprouipgiuctivity/m?, or the quality off sprouts producedhe smallasbedding

roots may be a few days slower to produgremium quality shots (Appendix3, Appendix6). The project

developed a rule of thumbor plant bed requirements of bedding roof&ppendix3):

Quantity of bedding roots required (kg) 3 * Area of plant bedri?) * median dameter of beddingoots (cm)

Forexamplegiven al00m long plant bed In wide a bedding root supplgf median diameter &m, the grower
would need approximatel§.8t of bedding roots tdnstall that bed

The most recent consideration is avoiding supply of @gelbvuebedding roots. Even with good storage
conditions; current thinking is that roots more tharmbnths old probably only have a short plant bed life,
independent of their fied management.

Close attention is paid to temperature management in storage at the bedding root production facility. Heating
treatment is no longer done of any roots, unless a grower specifically requests it, and is clearly informed of, and
accepting the gks. Any heat treatment is no more than-28°C, and generally for less than Béb.

Where possible, the transport of roots is via direct supply to the growers, to avoid issues wibtiptaulal storage
in distribution warehouses.

Plant bed timing

We have senseveralgrowers shift from 12 plant bed installations per year, to four, and even five separate
supplies. This is potentially because they are concerned about virus reinfection of their plant beds through the
season, but also becaueel they are unale to maintain plant bed productivity, or the quality of their sprouts,
past about 4cuts. It is unclear the value of this strategy, however the fact that several large growers are doing it,
suggests it is at least cost neutral for them.
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Our plant bed esearch and indexing has shown sprout generation can potentially continue at highly productive
levels (around 238prouts/n?) for at least uts if bed conditions are goowe found sprout quality (apart from
virus load)did not decline as the season pn@gsel, just the capacity of the plant bed to produce high numbers of
sprouts if there is substantial breakdown.

Plant bed construction

One of the biggest changes has been the heights of grower plant beds. Almost all growers would now have beds of
at least 25cm high, and some narrower beds are closer taAbhigh.Low beds were often associated with

premature breakdownAppendix2). Wel-drained plant bedsippearthe key factor incopingwith adverse weather
(Appendixb).

Most growers are very careful with their depth of soil coverage over their bedding fi6atky in the project, poor

sprout emergence and root breakdown was often associated with deep bAgpefadices2-3). Growes

encourage their workers to press the larger roots deeper into the soil, to have a level height along the tops of the
roots. Alternatively, some are grading their roots for size, and installing them in separate areas, to achieve the
same effect. Most gneers are looking at-2 cm of soil coverage. Ideally;5&m is probably optimum in most
circumstancesto encourageéndependentrooting of the developed sproutg\ppendix4, Appendix5, Appendix?).

Deeper coverage may be more helpful in hot conditions. In the latter seasons, we were seeing more problems with
insufficient coverage, due to rain or slumping uncovering roots.

Plant bed nutrition

Growers have startedsing more complete fertiliser®rganic and inorganicapplying them both as a basal, and
regularly during the production season. They are less fearful offevelising and understand the importance of a

sprout with high nutrient level§Appendix4, Outputspl3). This was further emphasised by results presented
RAZNAY 3 ! NIKdzNJ +Aff2NR2yQa NBOSyid @GArAaAird G2 ! dz&AGNI € Al
well-grown foliage initiated the most storage roqi&ppendix14).

Plant bed irrigation

Growers have become much more aware of not overwatering their plant beds, either througiliriigating early

in the production season, or having extremely aamform irrigation systems. They have also moved more to
overhead irigation, except some growers, who still use drip irrigation under their plastic. Most producers now use
solid-set systems specifically designed for their plant beds.

In the final project season, most growers kept their plant beds relatively dry, untilispwere well shot. This was
probably a reaction t@ellevuebreakdown in previous seasons. The optimal balance may be a little more water
early on, to promote some bedding root system developm@mipendix5, Appendix7). Certainly, theguideof
relatively dry under plastic is still a good option.

Plastic management

The other substantial change has been how growers use plastic to heat their planiTeedserature certainly
appears to play a kerole in premature bedding root breakdown and poor plant bed performgAgmendixs,
Appendix?). In the final project year, growers sacrificed eabllevueproduction by not using any plastat all.

Other growers used plastic, but preferred to use a hooped system, that provided more air flow, and slightly less
extreme heat builelip. The other change is growers being much more conscious of soil temperatures, rather than
using air temperatureor amount of burn on the sprouts, as the signal for plastic removal. There has also been a
shift to row-cover floating meshes, which are also associated with less rapid heatupuild

Because it appears temperature management is going to be one of thissees for successful plant bed
longevity, it is likely that soil temperature loggers and warning systems will become much more common.

In terms of practice, growers are much more aware of plastic manipulation, and will regularly move plastic on and
off their plant beds, in response to either weather predictions, perceived or real temperature fluctuations.
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Sprout harvesting and sorting
Sprout harvesting crews are now more careful in the precision with their cutting, starting at araamdd the
first cut, and generally cutting above the scars in ensuing cuts.

A significant proportion of growers are now doing a field or shed sort, to provide higher quality, and more uniform
planting pieces for their planting crews. This is particularly the case fanimexg-planted operations. Where
possible, growers are going for a longer planting piece4&8&m), to try and maximise their yield potential.

The projectused the following criteria to grade sweetpotato spr@gppendix8):

Acceptable sprouts
No visible damage or disease, an intact and vigorous tip, at leasha0ng, at least &g1m diameter at the cut
end, and at least hode within 15cm of the cut end.

Premium sprout (increased resilience in difficult planting conditidakl advantage of around 10%)
No visible damage or disease, an intact and vigorous tip, at leash8ng, at least /nm diameter at the cut
end, and 25nodes within 15&m of the cut end.

Timing of harvesting

Prematuresprout harvesting can reduce meaprout length, and th@roportion of premium sproutsExtremely
premature sprouting can reduacceptable sprouts. Delaying harvesting beyond the optimal window can increase
tip damage andharvesting/processing time, due to tangling and excessive lefdgibendix3 Discussioh

Productivity result

During the life of the project, we have seen sprout productivity from plant beds jump to around

250sprouts/m? (a 25% improvement), with some growers achieving an even higher benchmark. This is
notwithstanding the introduction oBellevueas a cultivar, which is a particularly problematic plant bed performer.
With optimum timing of sprout harvesting, at least 80%twse sprouts can achieve premium grade, although this
is a little more difficult withBellevue

This is an outstanding improvement in industry performance.
Specific focus on managing cultivar Bellevue in plant beds

Monitoring, and experimental observatisgenerated the following recommendations foultivar Bellevuen
plant beds(Appendix2, Appendix4, Appendix5, Appendix?).

1 Where possible, use smatiedium bedding roots, preferably no more than a few months old, aregp ke
consistently cool storage conditions ¢Gjprior to installation.

52y Q0 dzaS NR20Ga 6A0GK dzyKSIFf SR ¢g2dzyRa 2NJ I LILI NBy (i

If using plastic to heat bedmake sure the plastic structure is well ventilated, and monitor soil
temperatures. Ideally keep soil temperatures belowWw@pand perhaps even around-26°C. If
temperatures are likely to rise above that level, take the plasticSiffilarlyfor row covers.

1 Avoid instaIIing_%eIIevydvnto plant beds in cirgu[nstancgs likely to expeﬁence hot temperatures. S
9aitlrof AaKSR LIyl o6SRa Oly LRGSYyGAlFffe& &adz2NBAGS>
Ensure any irrigations at installation, and before spscare established, are even and light.

Good drainage is essential.

Avoid installing plant beds in ground with a known history of diseases, particularly bacterial.
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Improved sweetpotato planting material research techniques

Sand culture systems in a coolled environmentappears the most effective way tovestigate the quality and
potential performance of sweetpotato planting material (Appendicel 3ppendies 1314).

Crucial factors for consideration are:

1 Consistent, high light levelo maximise photosynthate accumulation of developing shoots. This requires
the use of artificial light sources, rather than relying on natural light, particularly with the shading in most
glasshouse structureRecommendega minimum400 uMm 2 s? of phatosynthetically active radiation.

Use of a standard nutrient solutiqe.g.l 2 I 3 f)In ¢itReR d@n aeroponic or sand culture system.

Avoidance of aeration issues, by manipulating solupraying intervals (aeroponics) or solution
addition intervalgsand culture.

1 Avoidance of compaction/compression issues in growing media, by loose addition of sand, and ensuring
large enough pots to not restrict root development.

1 Regulation and standardisation of growing temperatures where possible.
1 Use of standard cdrol cultivars of known productivity for comparison.
Reduced sweetpotato v irus incidence in commercial sweetpotato growing areas

Potentially due to a higher prevalence of domestic sweetpotato gardensirame historical sweetpotato
interactionwith neighbouring countries, North Queensland appears to have greater presence of multiple virus
infections and less common virus@sppendix10). In the future it will be important to maintain a virus watch
presence in this regian

Sweetpotato Leaf Curl Virus (SPLCV) and Sweetpotato Feathery Mottle Virus (SPFMV), were by far the most
common viruses detected in commercial production areas, withemss that other viruses are present in regions
where PT systems are used.

Testing suggests virus incidence is initially low in spring, and then builds to a peak in summer, as plant beds age
and vector numbers increase. Symptoms decline as the weather. cools

Fortunately, the source of pathogen tested bedding ram¢ser returnedany detectable viruses through indexing,
ELISA and qPCR testing of collected samples.

I[pomoea species as regional virus reservoirs and potential herbaceous indexing test plants

Seveal Ipomoeaspecies were shown to be susceptible to graft transmitted sweetpotato viruses and Morning glory
(Ipomoeaplebig) weeds collected from commercial areas tested positive to SPFMV and SPLCV, indicating that that
they provide a virus reservoir withtommercial cropping regiong\gpendix10). Also, many home garden
Ipomoeaspp.also proved very susceptible to SPFMV infection. Some species appeared asymptomatic, however
the samples are still to be tested to see if thegrevinfected, which would be a biosecurity concern, as they could
carry and spread current or new virug€utputsp13).

Although manyipomoeaspp.e.g.l. purpurea, Icoccineaandl. nil cv. Pink Morning Glorydid provide symptoms of
SPFMV, none proved as reliable at expressing the range of symptdnse@sa(Outputspl3).

Enhanced Grower awareness of virus management and biosecurity

A majority of Australian sweetpotato growers deamiliar with virus occurrence and diagnostic procedures,
through participating in the GRveetpotato Field Day in November 2Q1ahd reinforcement at workshop
presentations Growers demonstrated effective virus knowledge, by often pointing out symptomkant beds or
commercial crops for sampling.

The Australian sweetpotato industry is on alert for unusual symptoms that may indicate a potentially damaging
incursion of a new virus (e.g. sweetpotato chlorotic stunt visg®SPCS¥act sheet(Outputspl3).

Particular biosecurity riskare the range ofpomoeaspp. being traded through regulated and unregulated
channels, as well as endemic populations of native and escaped species. Information on many of these species is
provided h the Ipomoeaimport implications report Qutputsp13).
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Improved virus diagnostics

Throughout the project, diagnostic protocols have been refined, and the most recent methodologies are captured
in the Australian sweetpotatgathogen testing procedures 2018utputsp13).

gPCR assays produced accurate results comparable to existing diagnostics for the detection of the exotic SPVG
virus and the endemic Phytoplasma. Results for other endemictpeto viruses such as SPFMV, SPCFV, SPCV,
SPLCV and V2 using qPCR anedR{lR suggest that more work is needed to optimise assays to improve accuracy

(Appendix10).

Whilst every attempt was made to sample plants concuriyeand to use the same individual symptomatic leaves

in NCMELISA and gPCR/GRTR assays, this was not always practical. It is possible that movement of virus
particles within indicator plants between sampling times, unknown distribution of virus partigiéin plants and
sampling of different leaves as well as low titres (common to some sweetpotato viruses) all contribute to differing
accuracy levels between diagnostic tests. Sweetpotato plants are mostly asymptomatic, but although indicator
plants prodice foliage symptoms readily, symptoms are often confined to a limited number of leaves which need
to be utilised for DNA and RNA extraction, NEMSA and tissue preservation, hence asymptomatic leaves from
virus infected plants are sometimes used.

Initial gRTPCR assays for SPV2 and the exotic SPCSV unfortunately did not produce any amplification and as such
were null and void. This could be due to several factors such asiable controls, quality of primers and

experimental error. New positive contofor gRTPCR assays for SPV2 and the exotic SPCSV would need to be
obtained and assays retested.

Tissue from sweetpotato plants and indicator plants yielded similar results in gPCR for SPLCV. However,
sweetpotato plant tissue yielded negative resultsritial SPFMV qRFCR assays, whilst tissue from indicator
plants(l. setosg yielded positive results from both dried and fresh tissue. This could be influenced by inhibitors in
sweetpotato sap, the area of the plant that was sampled (differing distributiovirus particles within plants), the
time of year that plants were sampled (stress may affect virus particle distribution and titre), and whether plants
were symptomatic or asymptomatic (affecting titres).

gPCR is cost effective and labour saving aaslthe potential to speed up routine virus diagnostic capability and is
a valuable addition to the suite of complimentary methods used in sweetpotato virus detection at GRF. Further
work needs to be done on primers and protocols to optimise accuracy dicieaty.

For this reason, the current Australian PT system relies on a combination of complimentary diagnostic techniques,
Phytodiagnostics, NCNELISA and the development of gPCR.

Phytodiagnostics can detect the presence of virus infection includinghéwW ay 2 @St ¢ @A NHzA Sa dza
indicator plants. As indicator plants are highly sensitive to most sweetpotato infecting viruses, leaf symptoms
produced are more apparent than those observed on sweetpotato plants. This sensitivity of indicatoit@lants

virus infections also facilitates rapid increases in virus titres, enhancing downstream diagnostics such as NCM
ELISA and PCR. Phgltagnostic indexing as part of the Australian PT protocol is conducted by experiskitied

staff at GattonResearchFacility (GRF) as some virus symptoms can be transient (Potyviruses), difficult to discern at
lower titres (SPLG\BPC)and mixed infections influence symptom expression. The lack of symptoms on some
rounds indicates the need for repetition as recommendedennieret al. (2013). However, thiprocesss time
consuming and requires considerable glasshouse space.

The (NCMELISA (CIP) test is able to deteckdi®wn sweetpotato infecting viruse€:6, CMV, SPCalLV [now
called SPCV], SPCFV, SPCSV, SPFMV, SPLV, SPMMV, SPMSV and SPVG).

Thesevirus detectiontechnologies offer high levels of repeatability and reproducibility. Boonbatah. (2013)

suggests that qPCR will become the most widely usagihdistic technology in testing laboratories around the

world. NGSechnologies are rapidly becoming more affordable and are a promising platform for developing future
portable devices for plant pathogen detection devicéile there is a need to adopt nemolecular technologies,

the use of herbaceous indicators remains essential, due to thieie-rangingability to detect all sweetpotato

viruses.
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Initial results sequencing

Further analysis and assembly of sequencing mega data is ongoing, and identification of specific strains present in
country could facilitate the design of specific primers for accurate detection of viruses reported from Australia and
the production of speific SPLCV antisera to be added to the NEINSA suite of testéfpendix10).

There are no antisera as yet developed for SPLCV inN@8A, but negotiations are underway to initiate
development, based on strains identifigdnext gen sequencing.

Enhanced sweetpotato industry integration with  Australian biosecurity services

Sandra Dennien and Rachael Langenbaker met with members of the Northern Australia Quarantine Survey (NAQS;
officers in Cairns in Novemb2016. These diters are tasked to collect samples on a regular basis from northern
Queensland, including the Torres Strait islands and into southern, and central Papua New Guinea. Guidelines were
given on what to look for when collecting samples; most effective metlimdgssue conservation and transport;

and the new movement restrictions for plant material from Torres Strait islands to the mainland.

SandreDennienhas developed a strong network of diagnosticians, as well as good working relationships with
surveillancepractitioners including the Northern AustralidQuarantineStrategy The Australian industry virus
diagnostic protocols are being standardised fartpers inOceania andre very similar to protocols more recently
developed in the USA.

Laboratory visits

Sandra Dennien has visited the following laboratari2&F virology laboratory at Eco sciences precinct, Brisbane;
the DAF plant pathology laboratpin Mareebathe USQ crop health laboratory in Toowoombae LSU
sweetpotato virology laboratory in Louisiana, J8Ad the NAQS quarantine pathogen diagnostic laboratory in
Cairns.

Information wasgathered,and learnings were made on protocols and tissing tips on processes for a range of
detection techniques, new learnings on the use of NEIMSA, qPCR work flow planning, suitable equipment
required and the advantages and disadvantages of different makes and models, laboratory maintenance and
classifcation, primer design and master mix concentrations, cataloguing and storing of samples, and safe handling
and operating procedures.

To further her knowledge on qPCR and as part of LAMP developMsiltennien hopes to visit the centre for
Agri Biosciencat LaTrobe University in Melbourne and the NSW DPI Elizabeth Macarthur institute (Centre of
Excellence irPlant andAnimal Health), in NSW later this year.

Better access to information

During the projectsweetpotatogrowers,alliedindustry, collaboratos and interestegheople have been able to
accesseferenceinformation on

1 occurrence, importance, diagnostics and current management protocols for viruses

1 plant bed management
via ASPG and Hdrinovation websitegOutputsp13), as well as attending ASPG and project evésde
Outputspl4-18).
Successful sweetpotato i ndustry engagement

At the commencement of the project, the baseline sur¢gégpendixl) identified current plant bed management
systems, productivity, and isssleThe productivity gaps and issues raised informed the initial experimeamdal

monitoring focus for the plant bed activitie$. K S ¢gAf t Ay3ay Saa 2F INBSSNE LINE RdzO
sweetpotatoedo participate in the project continued for its duration.

Theready adoption of practice change, constant requests for advice, regular attendance and support of industry
events and enthusiasm for face to face visits by project personhéhdicate successful industry engagemésde
Outputs) A good examplef engagementvas theNovember2014 showcase at GattdResearchFacility, where
over30 growersattended, most driving & hours, and staying overnight.

Growers provided positive feedlok to most events, rating as either good or very godtey were certainly willing
to critique aspects they felt required improveme(siee Monitoring and evaluation)
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Improved g rower and scientist awareness of international sweetpotato systems an  d research

Through the visitfrom sweetpotato scientists from the USA to Australia, and the poogect teamto the USA
both the scientistsand subsequently the Australian industiyecameaware of research and commercial
production technologies and trersdn the USAOf particular valuavere understanding thenuances ot.ouisiana
sweetpotato cultivars that are now the mainstay of the Australian industry, virus diagnostic techniques and
priorities, the physiologydriving storage rooinitiation and developnent, andsweetpotato investigative
techniques in controlled environments (Appendiddsi4).

Improved industry capacity and research involvement

The project experience hanhancedhe skillsand knowledgef the core research teanThe quality of

MsDenth Sy Qa NBASFNODK $2N)] SAGKAY Dmonnn KI@&Degré atfhe NB O 2
University of Queenslah She has achieved promotion, in recognition of her skills, experience, achievement, and
international status as a sweetpotataeiogist.

wlk OKFSt [Fy3aSyol]1SNRa NRtS Aa 0SAy3a NBOftl aaATASR Ay
Ms Langenbaker completed@iplomaof Horticulture, based on Recognition of Prior Learning achievenwveittiin

the project. She is performing an @mound, development role within the sweetpotato industry, based on her
experiences and knowledge improvement within the project.

The project teammentored twoUniversity of Queensland Honours studeriisnmaColeman received a
Distinction for her initial internship within the projedoth Emma Colemagnd Robin ScarffeompletedHonouiQ
studies withinvG13004andreceived their Honou® degreegOutputspl13). Emmawas a finalist forlie UQ Bell
Medal forBest Honours Thesis, a recognition of her challenging work. It emphasises the value in supporting
additional research activities within projects such as VG13004.

Emma Coleman and Rolffcarffegained sweetpotato industry experience tiit the project. Emma continues to

work in sweetpotato diagnostics, and wilkan Bobby and Mary Firrell, have enhanced virus diagnostic and
management capacity within the industry. Througgilaborationin VG13004 andanallied ACIAR sweetpotato
project,the University of Southern QueenslatespeciallyDr Bree Wilsol, have become significantly engaged

with the sweetpotato industry. This has brought a major increase in laboratory diagnostic skills and resources into
the potential industry service spacBimilarly, nematode anplant physiology studies at the Central Queensland
University haveeadily engaged with the core projeigam andare enhancing R&Eesourceswithin the

sweetpotato industry Appendix14).
Enhanced international collaboration

Through international exchange visits, and constant communications, project team members have enhanced

strong international collaborative networks in sweetpotato disease diagnostics and agronomy. Sandra Dennien has
very strongvirology networks through Oceani@NationalAgriculturalResearch Institut®NG, Secretariat for Pacific
Community Fiji)USALouisiangState Universityand with the Center fomternationalPotato Research in Peru.

The reciprocal visits between Australiand USA sweetpotato researchéfgppendiced 1-14) have exchanged
knowledge and expertisén addition, here is increased interest in collaborative research, which can only benefit

the Australian sweetpotato industrirhese issues were specifically dissed in Prott A f £ 2 NR2y Q& NBOSy
Australia.
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Monitoring and evaluation

Even though this project prdated Hort InnovationMonitoring and evaluatiomequirements the project team
addresseghe following key evaluation astions (Tabld)

Tablel. Project key evaluation questions

Effectiveness

1. To what extent VG13004 To what extent has VG13004 increased the adoption of the indBesty

achieved its expected outcomes Practice Guidelines in plant bed and virus management~

To what extent has VG13004 increased the productivity of sweetpota
plant beds, and improved potential productivity of commercial
sweetpotato plantings?

To what extent has VG13004 improved oudenstanding of the viruses
currently present in the Australian sweetpotato industry, and potential
biosecurity virus threats?

Has VG13004 developed new virus diagnostic technology that is now
available for industry uptake?

Relevance

To what extent has VG13004 met the needs of sweetpotato industry

2. How relevant wathe project
payers?

to the needs of intended
beneficiaries?

Process appropriateness

To what extent were the targetngagement levels of sweetpotato
industry levy payers achieved?

3. How well have intended
beneficiaries been engaged in th
project? Have regular project updates been provided through linkage with the
industry communication project?

Did the project engage with sweetpotato industry levy payers through
their preferred learning style?

4. To what extent were
engagement processes

appropriate to the target How accessible were extension events to sweetpotato industry levy
audience/s of theproject? payers?
Efficiency

5. What efforts did VG13004 What efforts did the VG13004 project team make to improve efficieng

make to improve efficiency?

Other (if any)

6. What key aspects in the What key aspects in the conduct of VG13004 can be improved in futt

conduct of VG13004 can be projects?
improved in future projects?
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To what extent has VG13004 increased the adoption of the industry Best Practice Guidelines in
plant bed and virus management?

Extensivepractice change has occurredth Australian sweetpotato growetsanagenent oftheir plant beds, as
outlined in OutcomesClear examples are the changetie heights of plant beds, and the much shallower
covering of bedding roots, since the project begéfe have also monitored more growedsing field or shed sorts
of cut sprouts, to try and maximise plantings of premiurarting material We do notice growers targeting
different sproutlengths, to suit theimechanicaplanting equipment ohandplanting styles.

Probably the clearest examples have been around manawittiyar Bellevuen plant bedsDuringexperiences

with premature plant bed breakdowim the 2015/16 and 2016/17 seasonse had ongoingliscussionsvith

growers and the bedding root supplier about potential causessotdtions. As a result, we recommended smaller
bedding roots, limited or nopre-heat treatment, reduced early irrigatioand careful management dfedding
plastic. In the 2017/18 season, all these recommendations were taken on boanddiBellevuegrowers

This reactive practice change comes about throtegiular industry engagement, amod relationships with the
bedding root supplier and key groweReinforced byresentationsand conversations at field days and
workshops where growers readily take part in the discussions.

Growers have demonstrated excellent understanding of sweetipot@uses and keys to successful management.
Most growers can identify virus symptoms when they are clearly expressed, although as sweetpotatoes are often
asymptomatic unless stressed, this is not reliable. Their widespread adoption, and increased diegluese of PT
materials, shows they know the importance of regular renewal of planting material. Growers also regularly spray
to manage vectors, and actively manage volunteer crops that could be virus reservoirs.

The project teamassessethere has beerwery rapid interactive adoption of best practice guidelindsanaging
sweetpotato plant beds guide 201Blanaging sweetpotato viruses guide 2018eeOutputspl13), based on our
monitoring observations and grower discussions during the project.

To what extent has VG13004 increased the productivity of sweetpotato plant beds, and improved
potential productivity of commercial sweetpotato plantings ?

During the life of tle project, we have seen sprout productivity from plant beds jump to aroundsp&@uts/im?

(25% improvement), with some growers achieving an even higher benchmark. This is notwithstanding the
introduction ofBellevueas a cultivar, which is a particularlyoplematic plant bed performer. With optimum

timing of sprout harvesting, at least 80% of those sprouts can achieve premium grade, although this is a little more
difficult with Bellevue Because oBellevuefewer growers persist with lorterm plant bedsalthough we still see

some plant beds lastingr@onths if well managed by the grower, and with favourable weather conditions.

Because of the shift to a completely new suite of cultivars, it is difficult to congracuctivity of commercial
plantings betveen the start and end of the project. What we can say is that the project has supported the
successful transitioto plant bed production of new cultivars, which in themselves have dramatically lifted
commercial productivityWithout the nematode resistdrBellevue the industry would have realltruggledwith

few nematode control optiongrleanshasdelivereda higher quality sweetpotato, which has supported sales in
periods of oversupplyWe have also seen growers shift their focus to better quality sprouts, through more careful
cutting and sorting, which researcliggests should improve potential yields by around 10%.

To what extent has VG13004 improved our understanding of the viruses cu rrently present in the
Australian sweetpotato industry, and potential biosecurity virus threats?

The extensive survey and sampling of sweetpotato crops, weeds, home gardens and markets through the project
has given a very clear picture of the extent of sfp®tato viruses, both geographically and temporally. It has
confirmed that the advent and widespread use of PT systems by growers has reduced the range of viruses found in
the main production areas of Central and Southern Queensland, and Northern NS@videntthat endemic

populations of SPFMV and SPLCV are the main viruses in those areas.

The project has identified North Queensland as a hotspot of a broader range of viruses, and multiple virus
complexesln addition to the two viruses mentioned abav8PCFV and SPCV were also detected in this r@tien.
project encouraged biosecurity services to focus on sampling and monitoring in that area, which is an ongoing
activity.
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Has VG13004 developed new virus diagnostic technology that is now available for industry uptake?

gPCR technology proved succes§fuldetecting phytoplasma and exotic SPYBhough we got 65885%positive
detections with qPCR from samples detected as positive for SPFMV, SPLCV or SPCV with other methods, that is tc
many false negtives to be consided a reliable replacement for current testing protocols. The project team is

hopeful that with refinement of assays, this detection rate can be improved. The capacity to detect SPLCV directly
from sweetpotato plants was promising, dgete is currently no NCMELISA test for this virus. Next gen sequencing
may lead to such a test in the rreefature.

gPCR and allied methods have the potentialapidly speedup the process of virus testingeducing return times
from around 50days to om-two days, as well as being available all year round. This is an exciting prospect for the
Australian sweetpotato industry, provided reliability can be enhanced through refined assay techniques.

To what extent has VG13004 met the needs of sweetpotato indu stry levy payers?
The team judgethe project has met the needs of levy payeassng the following measures:

1 Rapid adoption ofjuidelinessuggestions and evemotential ideas into widespread industry practice
change

1 Consistent, high levels of attendanaeindustry workshopand field daygsee Outputs and Engagement
levels)

1 Enthusiastiavelcomesfor project team members to visit farms, condumbnitoring, sampling or
experiments, and have discussions with growers and threiduction teams.

1 Positiveformal feedback For example, of the 3growers who travelled to GattoResearch Facility for the
November2014 42% rated it a¥ery ®od, and58% as Excellent

To what extent were the target engagement levels of sweetpotato industry levy payers achieved?

The project team intentionally targeted engagement withep /2 2 F (G KS 3INR 6 SNE LINR RdzOA
sweetpotatoes We can confidently say that all those growers were aware of and involved in the prsjgtmost

being visited several times a year field activitiesand discussionsMost of those growers would have attended

at least70% of the industry events in their region.

The project well exceedeghgagement targetsas many smaller growers also participated in the project, and
attended indwstry eventsin Cudgen and Lockyer districts, we regularly got at least 80% of commercial growers
and associated businessattending(22-27 people) In Bundaberg it was usually between80%(35-40 people)

The quality of that engagementiisflected inthe dot points mentioned in response to the previous question.

Have regular project updates been provided through linkage with the industry communication
project?

The industry communications project did not exist at the time of project initiafyojectupdates were regularly
supplied to growersassociated businesses and collaborators on our sweetpotato mailing lisD(deetsp19).
Project updatswere also provided t&/egetables Australiand GoodFruit and Vegetablesagazinesas well as
Hort Innovation tapublish through their medigOutputsp20).

Did the project engage with sweetpotato industry levy payers through their preferred learning
style?

Vely earlyin the project, it was cledrom discussions thagrowers wanted one to one contact, and industry
events as their primary communicatiopathways They mentioned they seldom read emadsextensive
literature. They would go toeferencemateriak to address emerging problenar as a refresher to what they had
heard or seen at an event.

In responsdo this feedback, the project team deliberately focussed on regularly visiting grpeengucting
experiments and demonstrations on their farms, dralding at least two major events in each region each year.

31



Hort Innovation¢ Final Reportinnovating new virus diagnostics and planting bed management in the Australian Sweetpotato Industry

The Decembe2016 events were probably our least successiudl an excellerimprovementopportunity from
the feedback receiveey learnings were:

1 Experienced growers want specific detail arev technologies they can directly apply to their
businesses. They are less interested in generalities, or information they have heard before.

1 Newer growers can benefit from basic introductomaterials andcan find information targeted at
experienced gravers difficult to follow.

1 We should provide summary information on what is being presented before the event.
1 Use SMS as the preferred notification system, rather than email.

We applied those principles for future events. The most successful eventswiere we
1 Had interactive presentations, or even better, grower participation
1 Had new, immediately applicable informaticaddressing a timely problem or opportunity
1 Had guest presenters of interest to growers, e.g. our USA sweetpotdittagues

How accessible were extension events to sweetpotato industry levy payers?

The project team coordinated with key growersd ASPG, taletermine the most suitable times and venues for
extension eventsWe also provided transport for the Bundaberg growers to visitdBaResearch Facilitfhe
good-excellent attendance we had at most events suggesty there accessible to most sweetpotato growers and
businesses. We never received feedback to suggest event accessibility was an issue.

What efforts did the VG13004 projec tteam make to improve efficiency?

The project team redarly consulted with key growers to get their opinions on project objectives and
methodology and their assistance with project activitieas a way of reducing costs, and enhancing engagement.
In corducting the projectthe team worked with University students, providing mentoring and building industry
capacity, in exchange for experimental assistane also engaged with othérstitutions, such as USQ and UQ,
to build connections and crogmllinate expertise, as weas build industry capacity and access&w people and
resources.

The project teantommittedto the Project MidTemm Review andedesigned thdinal 12 months of the projecto
reprioritise the main activities in the revie@ppendix15).

What key aspects in the conduct of VG13004 can be improved in future projects?

Engage growers motiatimately in the design and implementation of tlaetivities This would enhance the
prospect of addressing the highgstiority issues, as well as create more ownersifithe process.

Develop a platform where project team members acriossitutionscould more easilghare data and information,
Current institutional firewalls and policies are veegtrictive

Realisehow much time dataanalysisand reporting requiresAllocate sufficient time and resources to those tasks.

Provide timelyinformation back to growers when they haparticipatedin an activity. Allocate this as a priority
task as important as organisationadporting.

Resist thaurge to overcommit tactivitiesgiven the resources and available funding.
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Recommendations

Plant bed management

1 Define optimal soil temperature and moisture reginfes 8 weeks aftemplant bedinstallation,to
promote sprouting without causing bedding root breakdown.

1 Investigate strategies for reducing the impacts of pathogenic organisms in plant beds, particularly
Fusariumspp, Emwinia spp andSclerotiunrolfsii.

1 Investigatecharacteristicof cultivar Bellevuehat cause it to beslow sprouting and more vulnerable to
premature breakdown.

1 Explore collaboration with Prof/illordonto definitively characterise premium sweetpotato plant
material

Virus management and diagnostics

1 Further improve virus indéxg capacityallowing industry to make informed decisions on schedytitagnt
bedreplenishment.

I Maintain virus monitoring capacity to identify potential virus threats adi future sweetpotato industry
biosecurityplans

1 Expandvirussurveys of home/market gardens Morth Queenslandas well as investigate home/market
gardens closer tthe main sweetpotatacwommercial cropping areas.

1 Continueto refine moderntechnologies such aglPCR andperationalprotocols to provide accurate
sweetpotato virus detection for the Australian sweetpotato pathogen testing system.

1 Provide ongoing enhanced, standardised national virus detection protocols for the Australian
sweetpotato industryand integrate withinternational researcherarticularlyPacific neighbours

Investigate improved tissue sampling methods for accurate virus detection

ConductNextGeneration sequencing attainedsuspect sampleproviding genetic information on virus
species/straingto facilitate primer design and accuratetgction.

Industry development

1 Build collaborativeelationshipswith international researchers, arghrticularly the sweetpotato
scientistsat Louisiana State University.

1 Formulate and supporn RDEapacity buildingtrategy for the Australian Sweetpdtalndustry, so
current project momentum is not lost.

1 Develop a strategy to integrate levy players even more intimately in new project activities.
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Refereed scientific publications

Conference poster

Dennien, S.E., Hughes, MGoleman, E.A., Sukal, A.C., Henderson, C.W.L, Langenbaker, R.J., Persley, D.M., Galea,
V.J., 2017lpomoea setosaan effective and reliable tool for the detection of SPLCV in sweetpdiaience
Protecting Plant Health. Brisbane, 2&8 September 2017.

Cdeman, E.A., Dennien, S.E., Bobby, J., Galea, V.J., Henderson, C.W.L, 2017.|pteroasspecies as a
diagnostic tool for enhancing virus detection in sweetpot&oience Protecting Plant HealBrisbane, 26
28 September 2017.

Conference paper

58yyASYsS {®903 | dAKSEZ aodoWos /2fSYFys 9! 03 hQ52yy$
FNRBY ! dzi i NI taded@de of$elstiagi200d & RAIISHS International Symposia on Tropical and
Temperate HorticultureCairns20-25 November2016.

Journal article

Henderson, C., Dennien, S., Langenbaker, R., Coleman, E., Prichard, M., Brown, P., Villordon, A., Best, T., 2016.
Optimising plant bed performance through adaptive research with the Australian sweetpotato indudary.
Horticulturae1118 103108. https://doi.org/10.17660/ActaHortic.2016.1118.15

Sukal, A Dennien, SKidanemariamD.B, Harding, R.M., James, A(ld prep.)Australian isolate of Swegibtato
collusive virus (SPCV) infecting Sweet patato

Thesis

Coleman, E.A., 2017. Alterndfgomoeaspecies as a diagnostic tool for enhancing virus detection in sweetpotato.
Honours ThesjdJniversity of Queensland, Brisbane.

Scarffe, R.., 2017. Impactbarganic and inorganic nitrogen fertilisers on sweetpotdfm(noea batata¥ sprout
production. Honours Thesis, University of Queensland, Brisbane.
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working with us and the growers. Robin Scarffe similarly performed good fieldcgcand investigative roles

during his honours project, for which the project team was grateful.

Thanks to Mary Firrell, who joined the project team in 2016, for assisting with generic project administrative roles,
mentoring of the Honours students an@hreport on Ipomoea biosecurity issues, associated with imported and
indigenous plants. Thanks also to Michael Hughes, DAF sweetpotato team, feadés project advice, continual
support to the project team, and for providing another linkage to ACIbkegt activities.

DAff hQ52yyStfs tSGSNI ¢SYLX SGi2ys wSySSLdua Rl $8 WS 3 a:
Harper, Emily Pattison, James Dalton, Matthew Rogan and Dawson HeanidkXQU studentsKarli Groves,
Paramullage Upamalbandaruwan Peiris, Tham Hong Dong and Jake Hogan were all excellent assistants in
harvesting and assessing plant beds. Without them, the days would have been even longer and harder. Thanks for
putting up with the dawn starts. A special thanks to GRF mam@gvin Berry for willingly assisting with laboratory
infrastructure improvements and to farm supervisor Ron Hermavito was always there to assist wiptant bed,

igloo and glasshouse maintenance. And thank you to DAF plant pathologist Johfioadhoc identification of

fungal and bacterial pathogens in sweetpotato roots.

Late in the project, DBree Wilson was a keen collaborator with the project team, and brought a fresh perspective
to laboratory, diagnostic, and pest management issues. She mvaathusiastic and friendlgolleagueduring field
monitoring and extension activities, for which we sincerely thank her.

The project team would especially like to thank the sweetpotato growers who collaborated during the project.
Cudgen growersMatthew and Henry Prichard; Doug, Jim and Steve Paddon; Stuart, Chanel and Kevin Kennedy;
Esk growers Michael, Aaron and Nick Jess; Bundaberg growktal and Cindy Beutel; Darren and Linda Zunker;
Russell and Shana Mortiméroy and Daniel Prichard were juspleasure to work with. Their unselfishness in
providing experimental sites on their farms, resources, staff, advice and encouragement for our activities is truly
acknowledged and appreciated. We are amazed at their ability to maintain their smiles addhagture, and still

have time for a chatdespite ourregular disruptions to their days

Many other growers enthusiastically participated in project activities by providing ideas and suggestions, farm
access and assistance with extension activities. Toeq team acknowledges Sam Tully, Ken Small, Russ
McCrystal, Mike Prichard, Adam Galea, Eugenio Mizzi and Zac Hayward for their friendly and informative
conversationsThanks to everyone who provided us with samples for virus diagnostiaio allowedus to

collect samplesn their properties We would also like to thank all the growers we have not namedmatter

how small a role you have playgtihas been invaluable to the success of the project.

A very special thanks to key ASgr@wercommitteemembers Rodney Wolfenden, Matthew Prichard and Dean
Akers for their advice, support, and keen industry leadership. The enthusiasm of ASPG and the whole industry for
project VG13004, and general research/extension engagement, makes working with thengexeitiarding and
usually even joyful.

Enthusiastic international collaboration with our fellow sweetpotato scientists in the USA has been a privilege and
highlight during this project. Thanks particularly to sweetpotato physiologist Rrtfur Villordonfor his

engagement through multiple trips to Australia, as well as hosting the project team in Louisiana on several
occasions. His fellow Louisiana State University colleagu€iidr Clark and M¥on Labonte have also been very
interested and helpful, wh their extensive experience and knowledge of sweetpotato viruses and breeding
respectively. We are very thankful and fortunate to have strong relationships with such an excellent group of
friendly people. The team is also appreciative of the continugebebadvice and assistance from applied

sweetpotato virologist Segundo Fuentes of the International Potato Centre, 8sduAmit Sukal, QUT and SPC
CePact (Fiji) for his assistance with primer design, and analysis of our next gen sequencing data.
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The saff at Hortinnovation have always been helpful in their discussions on project management, and reviews of
project activities. Thanks, in particular to the two Program Manad@mrsBen Callaghan and Brenda Kranz, who

had oversight of VG13004. Your suppamt forbearance when things got tough, as they always do in such
extensive undertakings, was particularly appreciated. It was a pleasure to deal with people professionally, with a
mind-set of getting things dondReviewer ProfCalum Wilsorwas a pleasuré work with andexplore

opportunities for improving VG13004 during its implementation.

The project team sincerely thanks ASPG Secretary, John Maltby, who always ensured that forms got signed, notice!
got sent out, contracts got returned, and mastportantly, invoices got paid. John certainly helps run a tight ship,

with a minimum of fuss. John was always helpful with a friendly word, a voice of experience, and a gentle reminder
when things needed to happen.

Finally, Craig, Sandra and Rachael wtikédto give their heartfelt thanks to Eric Coleman and his wife Kristie for
their support, assistance, encouragement, knowledge, and amazing mentoring of the entire sweetpotato team,
and our broader project family. Eric is without doubt the godfathereaient sweetpotato research and

development in this country, and an enthusiastic champion of the industry. His knowledge and capacity to think
through issues, to continue to turn up and support his colleagues is outstanding. Both Eric and Kristie are alway
generous with their time and hospitality to us all. We will never underestimate the value of that relationship and
those friendships.

Thank you to all.
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Appendix 1

Baseline grower planting bed management survey 2014

Executive Summary

Between AprilSeptember2014, we surveyed 4Australian sweetpotato growing businesses on their use of
PathogenTested (PT) planting material in their production systems. Eaehtéaface interview contained

27 questions identifying their current practices, as well as their key issues, and thoughts on research priorities for
plant bed improvementt KS o6 dzaAySaasSa O20SNBR NBLINBaSyd | LILNRPEAY
sweetpotato production.

The growers reported planting just over 11188 of sweetpotatoes; 90ha of the Gold cultivaBeauregard

another 100ha of alternate Gold cultivars, and 188 of Red or Purple cultivars. Fifty percent of respondents were
from Bundabergwith another Very Large Rockhampton business, making up the Central Queensland (CQ) region.
Another 25% were from Cudgen/Tweed district (NSW), with the remainder spread amongst Lockyer/Esk/Gold
Coast (SQ) and North Queensland (NQ) regions. CQ dominai¢sdoarea (75%), with NSW and SQ at 10% each.

Very Large (>50a), Large (250ha) and Medium (1425 ha) growers made up half thespondents but
accounted for 90% of the planted area.

There is a single supplier of PT sweetpotato planting material, jasedutside of Rockhampton, in Central
vdzSSyatlyRe !ff a¢gSSGLIRGIG2 LIXFYGAYy3a YFEIGSNALFE FNRY |
responding growers indicated a total of around 358f PT bedding roots were supplied in 2014. &ted

independent testing has continued to show the PT bedding root production system free of known sweetpotato
viruses.

Survey results from 2014 suggest 80% of the commercially planted sweetpotato area was from dspiu@d

cut from PT plant beds (bsdestablished directly from supplied PT bedding roots), with a further 12% of plantings
from G1 field cuttings (tip cuttings from plants established from the aforementionesp@ilts). Just over 85% of
growers use the recommended fledp plant beds to geerate their sprouts. Median reported plant beds were
0.9m wide, using 2&g of bedding roots per square metre of installed plant bed. Smaller growers usually had a
winter, or winter and spring pattern of plant bed installations. Medium or larger groWerns Central Queensland,
had 34 plant bed installation occasions, spread across the entire year, including a late summer/autumn
installation for overwintering the plant beds.

Interpolating from grower estimates, the median quantity of sprouts producethftioe plant bed systems (per
cut) was 19Gproutsm of plan bed, or 9.5proutskg* of bedding roots installed. There was a general trend for
larger growers to report slightly lower sprout productivity. This may have been an artefact of their genesedly
specific record keeping!

All growers reported cutting plant beds several times, with a medaue of 5cuts. The number of cuts reported
by growers seemed independent of any other agronomic or business factors. Most growers stated thab cuts 2
were most productive, with plant beds generating fewer and less vigorous sprouts after that number.
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Introduction

It was important at the start of the project to hawesense of how growers were currently managing their
multiplication ofPathogen Tested (Pplanting material utilisation within the Australian sweetpotato industry.

One purpose was to indicate opportunities for improvement of practices within the provision, distribution and use
of PT material ofiarm. The other main purpose was for comparisothvi@ T systems as the project progresses, to
aid evaluation of project impact.

Methodology

This report uses data collected within an Australian Sweetpotato grower survey, involving face to face interviewing
with 50 growers on their properties, between Apaihd SeptembeR014. Each interview contained Buestions
identifying their current practices, as well as their key issues, and thoughts on research priorities for plant bed
improvement.Seethe end of theAppendixfor a list of the questionsThe inteviews generally took between

30minutes to an hour per sweetpotato grower.

We have combined answers from the same business, giving a totalimﬂiﬂitjugl responses. The bqsipesses
covered represent approximately 95%lofdza G NI t A Qa O2YYSNOAIf agSSiLRaGlF (2
the information into like groups, to diglentify individuals and businesses.

Growers answered the questions with a very large range of styles and detail. We have had to interpolate or
estimate answers, particularly those relating to planting areas and plant bed productivity, based on details
provided in companion questions.

Results and Discussion

Industry Demography

In 2014, the 44espondents planted a total of around 1088 of Gold sweetptatoes (approx90%

cv.Beauregardl with a further 10tha of other Red or Purple cultivars (predominamiigrthern Staand WSPF. Of

the 23growers who planted noi@old sweetpotatoes, Bad less than ha, 14planted areas of & ha, and only

4 growers panted more than ha. Eight growers could be considered Red/Purple specialists, devoting more 25%
of their plantings to nofGold cultivars, and growing more tharma of these sweetpotato types. The rest of this
report will focus on sweetpotatoes as a gm rather than discuss cultivar types independently.

Geography

More than 50% of our respondents were from Central Queensland (CQ), including the main production centres of
Bundaberg and Rockhampton, as shown in FagAround a quarter of the respondentgere from Cudgen/Tweed
region in New South Wales (NSW), with the remainder from the Esk, Lockyer and Gold Coast regions of South
Queensland (SQ), and two respondents from the Atherton Tableland in North Queensland (NQ).

CQ dominates production by planted area at 75% of total plantings, with NSW and SQ around 1(Bigednh

AUSTRALIAN SWEETPOTATO GROWER LOCATIONS AUSTRALIAN SWEETPOTATO GROWER LOCATIONS
ECQ EmNSW mSQ mNQ ECQ mNSW mSQ mNQ

105

(a)

(b)

Fig.1.  Central Queensland has®S NJ K f ¥ 2 Fcommezaial dWeetpatatdyiowers; and more
GKIyYy GKNBS | dzr Nlcénhndercidl dreqhajlpiartiddiofsiektgdtatoes.0 O
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Sweetpotato plantings

We categorised growers a&ry Large (>50a), Large (250ha), Medium (15 ha), Small (30ha) and Very
Small (<ha). On that basis, about one quarter of our respondents were Large or Very Large grow&es)(Fig.
however they accounted for around three quarters of the aréanped to sweetpotatoes in 2014 (Fizp).
Including the Medium growers as well, half the growers accounted for 90% of the planted area.

AUSTRALIAN SWEETPOTATO GROWER PLANTINGS AUSTRALIAN SWEETPOTATO GROWER PLANTINGS
| >50ha 25-50ha m10-20ha ®m3-10ha M<3ha m>50ha 25-50ha ®10-20ha ®m3-10ha Em<3ha

(a) (b)

Fig.2. A small number of (aMedium (1020 ha planted) toVery Large (>50a planted) sweetpotato
growers grow more than 90% of (lthe area planted to Australian sweetpotatoes.

Commercial planting material distribution chain

There is a single supplier of PT sweetpotato planting material, based just outside of Rockhampton, in Central
Queensland. The production facility is aroundk#® (as the crow flies) from the nearest commercial sweetpotato
farm. Core stock is held in a kBecure tissue culture laboratory. Each year this mother stock is multiplied via
insectproof tunnels, with a final generation of commercial PT roots in the field. These fields are regularly sprayed
for virusvectorcontrol andinspected to (as reasonablg @ossible) maintain virdsee status. Plant samples are
regularly sent for virus indexing by an independent laboratory. All results so far have indicated the PT material
generated by this supplier is indeed free of known virus infections.

All sweetpotatoplanting material from the supplier is distributed as sweetpotato roots. The majority of roots are
supplied in haltonne bins, although an occasional small order may be filled kgl&rtons. Commercial

sweetpotato growers place their main orders fhig planting material (bedding roots) in January/February. Orders
are freighted to growers to meet their specific delivery dates. There is very limited capacity to supply roots that are
not pre-ordered.

Bedding roots are field harvested by the supplieotigh most of the year, and stored in controlled
temperature/humidity rooms until required. In 2014, there was limited modification orgpeouting of roots in
storage, apart from skihardening (curing), to reduce the risk of premature bedding root breakd

The responding growers indicated a total of around 660PT bedding roots were supplied in 2014.
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Sweetpotato grower generation of commercial planting material
In 2014, growers indicated they produced planting material for their commercial swetpfields from four
sources.

1 G1 sprout productioninstallingthe PT bedding roots in plant beds, taking sprouts from those plant beds
over several cuts during their planting season.

1 Gl field cutting Taking tip cuttings from commercial fields planteihgshe above G1 sprout production
method.

1 G2 sprout production Harvesting sweetpotato storage roots from commercial fields planted with G1
sprouts, and using those G2 roots to generate sprouts via the plant bed process.

1 G2+ field cutting Taking tipcuttings from commercial fields not planted with G1 sprouts.

Survey results from 2014 suggest 80% of the commercially planted sweetpotato area was from dspriu@d

cut from PT plant beds (Takil§, with a further 12% of plantings from G1 field cugtin Seventeen of the

22 Medium to Very Large growers reported using G1 sprouts exclusively, compared toe722Very Small to

Small growers. Three growers accounted for all the plantings of G2 sprouts, while only two growers used G2+ field
cuttings.

Teble 2. Planting material source for Australian sweetpotato plantings in 2014

Source G1 sprouts | G1 field cuttings| G2 sprouts | G2+ field cuttings
Percentage of total 80 12 5 3
planting area

Plant bed implementation

Most surveyed growers (38) used raised,-fl@h plant beds to generate their sprouts. Sdanaging sweetpotato

plant beds guidéOutputspl13) for a description of the general style of this system. The beds are geneiiaty ra

above ground level for drainage, with heights varying fre86&m. Wider beds generally produce mdrigh-

qualityda LINRP dzi a8 ++a GKSNB | NB tSada SR3IS ST¥FSOha 60l daAay3
However, bed width isanstrained by machinery requirements, as well as the ability of workers to reach and cut
central sprouts, without trafficking the bed surface. Median reported plant bed width wasQvéith 90% of

growers reporting in the range 0.4 m across. There waw identifiable relationship between business size and

the width of beds they implemented.

In Australia, growers hand place the bedding roots on the plant bed, either parallel or perpendicular to the bed
axis. Generally, they aim for arouneRm space btween the roots. Density of bedding roots varies, mainly due
to the size of the roots supplied. Larger roots have a greatenkgn the bed surface. Growers reported a median
bedding root installation density of 2@ m2, with 90% of growers in the rge 1525kgm™2. As above, there was

no identifiable relationship between business size and bedding root installation density.

Plant beds were usually watered by overhead sprinkler irrigation on -@eads basis. A range of synthetic or
organic completdertilisers were broadcast at installation, with side dressings after each one or two cuts. Plant
beds installed in July through September were often covered in clear plastic to increase soil temperatures. The
LI FAGAO & & dzadzk f f & eméngedl. PlaiSidecovers wet 3emavedNRSeqiteinbeKOcRber, to
prevent overheating and plant bed breakdown.

Four growers used commercial sweetpotatyled hills to generate their Gdprouts. These hills had a single, or in

one case a double row of beddingots laid end to end along the hill axis. Apart from one medaire grower,

these growers tended to be small operations, often focussed on producing Red or Purple cultivars. A common
issue with this style of multiplication is a greater proportion ofgpthin sprouts. These growers will often use

Yol 010dziaQ APSd® ONBFGS aSOSNI& LIXIFyaGAy3a LIASOSa FTNRY
AL wSaSI NOK ada3asSada wol O1 Odzi aQ KI efts Heiggeequbld 8 A St R |
Two Very Small growers used novel sprout multiplication systems; very labour intensive and which seemed to
reflect their machinery and farming systems, rather than any inherent productivity advantage. These will not be
further considered.
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Plant bed timing

There was a very broad range of strategies for the timing of plant bed installations. Fourteen of the smaller
growers installed all their plant beds on one occasion in winter (June, July or August), with this strategy reported
across dlthe growing districts. Another mall to Medium growers had one installation occasion in spring. They
indicated they used field cuttings from ovetintered sweetpotatoes for their early plantings of commercial
sweetpotatoes.

Thirteen growers separatedhéir plant beds into winter and spring installations, a strategy particularly common in
NSW. The remainder of the growers (11), predominantly large or very large producers from Central Qid, had 3
plant bed installation occasions, spread across the wiied, including a late summer/autumn installation for
overwintering the plant beds.

Plant bed productivity

Depending on time of year, it can takelBweeks for plant beds to produce useable sweetpotato sprouts for
planting. The longest interval is for tieid-winter installations, whilst obviously the shortest is for rsisdmmer
beds. Once plant beds are producing, the interval between cuts varies fre2B8 d8ys, primarily depending on
weather. Growers may go early or late depending on planting schedbtesvers are targeting planting materials
28-40cm long, although they will plant pieces as short ag@0nvhen desperate.

In 2014, beds were all cut by hand, with teams of cutters removing sprouts with secateurs or knives, and gathering
them into uniformlygraded planting bundles. These planting materials were either planted out that day, or stored
in a cool, moist environment for no more than two days before planting.

For the flattopped, wide plant beds, growers reported a wide range of values for spoaliected at each cut.

Note that we often calculated these values from other information provided by the grower, and are subject to
large estimation errors. The median value was $pfbutsm?, with 90% of growers indicating productivity

between 130 an@60sproutsm. Four small growers suggested they were averaging more thas@odtsm2.

There was a general trend for larger growers to report slightly lower sprout productivity. This may have been an
artefact of their generally more specific recoreldping!

2S5SQ@S Itaz2 OFfOdzZ F iSR ALINRBdzi LINRRdzOG A GA (-dw mpahtHeBR 2y
method to be included in the comparisons. As previously, these values were often calculated from other
information provided by the groer, and are similarly subject to large estimation errors. The median value was
9.5sproutskg?, with 90% of growers indicating productivity between 5.6 and $pr@utskg®. There was a

general trend for larger growers to report slightly lower sproutguotivity.
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Plant bed cutting longevity

All growers reported cutting plant beds several times, with a med&ne of 5cuts, and 90% of groweisdicating
they cut between 4 and fimes (Fig3). The number of cuts reported by growers seemed independent of any
other factor. Most growers stated that cuts®2were most productive, with plant beds generating fewer and less
vigorous sprouts after thatumber.

Frequency of growers reporting plant bed cuts
12

Number of growers

3 4 5 6 7 8 9 10

Number of cuts

Fig.3. Sweetpotato growers reported cutting their plant beds a variable number of times in 2014.

Commercial sweetpotato planting

Growers PT planting material is planted into commercial fields at a fairly consistentamespacing, median
value of 1.5m, with 90% of growers between 146 m. In contrast, their intraow spacings varied apgciably,
generating a broad range of planting densities. These had a median value of 83&@8otato plants per
hectare, with 90% of growers in the range 25,8)000plants per hectare.
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Grower questions
1. Where is your main farm? Includes geograpba@ation, latitude longitude (use Google Maps)

2. Describe the farm, what crops are grown, what types and cultivars of sweetpotato. What soil type is
cropped to sweetpotato?

3. Where do you get your storage roots from that you use in your planting beds? Whgoudarder the
roots? When do you get them?

Where are the planting beds located, both absolute, and in relation to other commercial sweetpotatoes?
How do you decide how much planting bed you are going to construct?

When do you start constructing your plang beds?

What does your planting bed look like when you construct it (e.g. width, height, total length)?

When do you plant your planting beds?

© © N o g &

How do you lay out your storage roots in your planting bed? How many roots, or how many kg of roots,
do you plantper square metre, or length of row?

10. What is your planting bed planting procedure?
11. What is your planting bed agronomy; fertilisers, chemicals, irrigation, cultivation practices?
12. When do you cut your first slips?

13. What is your slip cutting proceduigcutting method, cutting height, how are the slips collected, are they
sorted?

14. Do you store your slips before planting; if so how, and for how long?
15. What do your slips look like? Do you modify your slips (e.g. remove leaves) after cutting?

16. What is your slip yielthow many slips per square metre for example)? What proportion of these slips do
you use?

17. How much commercial crop do you think your slips will plant, e.g. hectares of crop planted per metre of
planting bed?

18. How do you commercially plant your sweetpotagfeWhat is your row and plant spacing?
19.2 K G R2 @2dz SadGAYFIGS @2dzNJ WF @SNI IS a¢SSaLRGlI G2 @

20. How many times do you sequentially harvest your planting beds? What is the time between planting bed
cutting?

21. Does thenumber or standard of slips you get from your planting beds change as the season progresses?

22. Do you notice any change in the performance of the slips that you cut as the season progresse
the slips produce less productive commercial plants as#dsson goes on?

23. Do you notice any other changes in your planting beds as the season progresses?
24. Do you do anything special with your planting beds at certain times of the year?

25. When do you normally finish using a planting legid it after so many harvest or a certain time of the
year, or when the planting bed declines to a certain performance level?

26. Are there any other issues about your planting beds that you would like to mention?

27. What are the top three things you would like to know or to change alvout you operate your planting
beds?
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Appendix 2

Monitoring performance and issues with sweetpotato  grower plant beds

Production season 2014/15
The 2014/15 plant bed season was a challenging one for sweetpotato growers.

Sweetpotato plant beds in the Lockyer region grew very well, with little signs of virus or general deterioration. This
was true of plant beds on Gatton Research Facility, as well as growers in the district. Well performing plant beds
were producing 21£230sproutsm™ of plant bed per cut, with cuts everyv@eeks during the peak of summer.

Plant bed performance was maintained for at leasufs (at GRF less than 10% drop off on sixth cut).

In contrast, plant beds in Cudgen and Bundaberg had substantigdifdisease incidence (mair8glerotium rolfsii
during wet periods) from summer onward. Around Christmas, both Cudgen and Bundaberg had very heavy and
extended periods of rain. Observations were that apart from dramatically increasing disease incidaisce, i

impacted on nutrition and insect levels in plant beds and commercial crops. Virus symptoms were evident in plant
beds after four, and even three cuts. This was particularly the case after the heavy rain, when both plant beds and
commercial crops wer stressed. By Marc2015, many plant beds in the main Cudgen and Bundaberg growing
regions were displaying virus symptoms. Many growers had observed large populations of whiteflies and aphids
during the summer period, particularly pestK NA 4 G YB B RQA @S O G 2 NWe S| NI

Benchmarking Bundaberg plant beds showed spring sprout production arour20D8{proutsm™ of plant bed
per cut, with cuts every @eeks. By third and fourth cuts in mé&timmer, production declined to around
150sproutsm. Late Marchperformance declined to 35, 73 and 8prouts/n? on the 3monitoring sites
respectively. Certainly, soil borne diseases were a major constraint to maintaining plant bed perfomaaeas
of sprouts were rotted from a combination &fkclerotiumFusariumspp. and potentially bacterial rots during the
wetter periods.

Depth of bedding roots was obviously critical. Where bedding roots were more thamb&low the soil surface,

we observed slow establishment and emergence of sprouts. There was also muclsédcdisease incidence in
the deeper buried roots and sprouts. The project suggestb i of soil covering appears best. Perhaps at least
2.5cm of covering soil may aid sprouts to develop independent root symptoms?

Aligned with this was the need fgiood plant bed drainage, as the most crucial factor with plant bed shape for
longevity of production.

Monitoring yield performance of planted sprouts

Measuring yield performance of the sprouts planted out from the monitored plant beds did not really tellich

about the productivity potential of the sprouts. We observed that the agronomic practices of the growers, as well
as seasonal conditions, had a much bigger impact on crop yields and sweetpotato quality than anything we could
detect as due to sprouguality.
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For example, the poorest sprout production for Bundaberg Grdiwenas at the 1 cut, planted out on May 2015
(Table3). Note that although the number of sprouts produced was low, the performance of those sprouts was still
high, with the besproportion of premium sweetpotatoes they achieved that season (of their crops that we
monitored).

Similarly, compare the results for the Cudgen growers, whose sprouts were sourced from the same plant beds cut
on the same day. Note their different harvesitds, and the relative proportions of size grades as a consequence.

Table3. Examples of sweetpotato yields (t/ha) across time, region and growers in 2014/15

Planting Harvest Total yield Premium Small Large Seconds
date date (t/ha) (t/ha) (t/ha) (t/ha) (t/ha)

Bundaberg 5011114 07/04/15 44 26 15 4 -
Grower1l

16/12/14 07/07/15 71 36 10 22 3

08/01/15 10/09/15 64 27 10 21 4

30/01/15 12/10/15 62 26 8 19 8

21/02/15 04/12/15 51 22 13 7 9

09/05/15 16/01/16 86 53 13 15 5
Cudgen

23/12/14 06/05/15 90 51 24 8 7
Growerl

12/01/15 28/07/15 88 59 20 6 3

03/02/15 17/09/15 76 44 16 12 5

04/03/15 29/10/15 73 47 20 3 3

Cudgen — ,o1on4 0107715 89 43 27 7 12

Grower2

12/01/15 20/08/15 93 56 24 12 2

03/02/15 - - - - - -

04/03/15 30/10/15 77 38 26 10 4

For the remainder of the projectye deemed itmore useful to focus less on final yields from sprouts as a measure
of sprout potential, and to rather develop an index of sprout potential, based on morphological characteristics at
time of cutting
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Installation of 2015/16 comercial plant beds commenced in sweetpotato growing districts in2p. This
season there was a major increase in planting of new sweetpotato cultivars, with large installations of Gold
cultivarsOrleansand Bellevue with smaller plantings of ReSbuthern StarPurplesEclipseand Philippino White
White Bonita, and a few even newer cultivars. Even at this early stage, it was evident that different plant bed
strategies will be required for different cultivars. In particuBellevuevas demonstraly sensitive to wet or hot
conditions, exacerbating bedding root breakdown.

Other observations during that season included:

' Ventilation in plastic covering of beds is very important. Perhaps growers need to sacrifice temperature
improvement for bettel@ Sy G At F A2y Ay WNR&A1&8Q RAASIFAS 2NJ RNI A

1 Recovery after cutting is dependent on cutting height (short cuts = longergoow), as well as
availability of nutrients. If using composts, there may be low N in situations after heavy rain.r&rowe
were advised to consider dosing with potassium nitrate tdo®st plant bed soil nutrition levels.

1 Growers and scientists discussed whether quarantining small diseased patches of plant beds would
reduce the spread of disease between cuts? This has giraven to be unlikely.

T LYy GKAa aSlhazy Al 0SOIYS 200A2dza (GKIG ¢S ySSRSR
beds were still functioning well, despite bedding roots having broken down and disappeared. Sprouts
were surviving on root sysis alone. In these cases, we suspected cutting height was even more critical,

to retain capacity to produce sugars in residual stems and leaves.

Premature plant bed breakdown

The most obvious issue with sweetpotato plant beds in 2015/16 was how to mahagelatively new,
nematoderesistant cultivaBellevue The problem was thaellevuds very slow to sprout, particularly in cold
conditions. In the USA, where the cultivar originated, they often use heat treatment of the bedding roots before
installaion, to initiate sprouting. The issue was thzgllevueappears particularly prone to root breakdown /

rotting in the plant bed (and even in storage), which appears to be exacerbated by heat treafrhenis probably
less an issue in the USA, where tlaeg only looking for 22 cuts from their plant beds.

Growers lost substantial production from plant bed after titnwee cuts, due to théellevuebedding roots

breaking down and disappearing, and subsequent diseases s&tiaastium rolfsior Fusariumspp. killing the

sprouts in the bed. In an extreme example, a Cudgen grower lost 65% of his bedding roots by the time of the
second cut, even though he achieved Zgboutdm? on his first cut. Theskeds had been covered with plastic, to
promote sprouting,and achieved the first cl weeks after the beds were installed in midly. In contrast,
FY23KSNJ / dzZRISY INBGSNI gK2 2yite& dzaASR Ft2F GAydechéP g O2
after installation in late July (warmer conditionghere is definitely a tradeff between heat (shed or field) to

promote early sprouting (and therefore cutting), and enhanced risk of rots.

To amuchlesser extent there were also issues with soBeauregardlantings. The early breakdown appeared to

be mainly due toFusarium sppinfection, although there was rapid transition Eswiniainfection once the initial
breakdown started. It appeared that early breakdown was worse 8tdiage roots had been prgeated with a

heat cycle to promote early sputing; (ii)storage roots were largenedium or bigger (iiiplant beds were

consistently wet, or even worse, waterlogged. There have been several discussions with root supplier Eric Coleman
about this issue. He was intending to adapt his-fpeatment andsupply timing for next season, as a consequence

2F GKAA &aSlaz2yQa SELISNASYOS&ad / dZNNByid NBO2YYSYyRIGAZ2
treatment to just encourage initial sprouting, and confine heat treatment to those roots that were goibng t

installed in winter and early spring. Also, by preference to use smadium storage roots for those early

installations. Most importantly, and this is a general consideration, build up plant beds so they were well above
general ground level, so theadrain freely, and to err on the side of undemtering until sprouts are well

established.
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As the industry is becoming extremely reliant on this cultivar (because of increasing problems with nematode
management), developing a better program for usBajevuein plant bedsbecamea critical industry focus.

Industry discussions with root supplier Eric Coleman about this issue conliileasat the time wereto minimise
or even eliminate heat treatment, and to try and reduce the physiological age d@dlevuebedding roots.

A substantial proportion of growers were still not getting sufficient height above ground level in their plant beds.
Generally, these were the beds that suffer greatest losses of bedding roots, and deterioration in plant bed
productivity.

Shallow coverage of roots in the plant bed was critical for early and prolongedi@drgroductivity. We still
observed poor or uneven early sprout emergence, and increased storage root breakdown, where coverage of
storage roots was too deep (greatthan 7cm, and preferably % cm), even where this deep burial was just in
patches.

Several growers were trying out mechanical cutting of sprouts using hedge trimmers or similar equipment. This
could save on initial sprout harvesting costs. Howeveredlvweas also a much greater risk of uneven management
of sprout cutting height, and subsequent sprout recovery and growth. We observed instances of very variable
sprout quality from beds that had previously been machine cut. We suggested that growerggpatiment with
their machine cutting techniques on later cuts in the plaetl season, when ongoing plamd performance and
productivity is less critical, until they finely tuned their techniques.

Apart from where there were major losses from plant brets (mainlyBellevug, most of the evaluated growers
achieved 21@50sprouts/n?, for at least the first Zuts from their plant beds, particularly witdeauregarg
Orleans or the red (e.gNorthern Stay or purple (e.gWSPFor Eclipsg cultivars.

Compared to 2014/2015, there appeared to be less virus vector pressure, however more incidence of leaf pest
species such as hawk moth, leaf miner and mites. Several of the evaluated growers felt comfortable in using their
plant beds for 67 cuts and were anfident that they were not risking virus impacts in their commercial crops.

Some of these growers maintained sprout productivity above 2ffouts/m? for that entire period, whilst others
accepted production drops to 15070sprouts/n? in their later cus. Many growers installed a second round of

plant beds in midate summer, to carry over winter for early spring production.

As expected, we saw very little relationship between plant bed sprout productivity and commercial yields. Growers
were generally oly using reasonable quality sprouts from their plant beds, and there are so many other factors
that impact on yields achieved (see discussion in previous section). For example, &dvkdhogproviding 210
2200ptimal quality sproutsn? from consecutiveuts yielded 7@/ha or 101t/ha respectively of marketable
sweetpotatoes.
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Following the 2015/16 season, we emphasised with the industry the importance of good plant bed structure to
promote plant bed longevity. Particular faewas building high beds and ensuring shallow coverage of the bedding
roots, to maximise drainage and maintain good air exchange in the soil.

With the collaboration of regional growers, the project team visited plant bed installations in Cudgen, Lockyer,
Bundaberg and one visit to Atherton Tableland. Emphasis was on assessing plant bed breakdownigaltave tr
get on top of this critical issue.

Probably the biggest change in sweetpotato plant bed installations and management had come about because of a
major shift in cultivars. There was an ongoing and substantial move to reBleaeregardlantings withBellevue

(mainly for nematode management), and to a lesser ex@neansshape and uniformity)Bellevuds much more

difficult to manage in plant bedslue to its reticence to sprout in cool conditions, and its propensity for rotting in
certain circumstance.

Rotting withBellevueappeared to be associated with physiologically old bedding roots; large bedding root size or
damaged roots; wet, poorly dragal or aerated plant beds; or overheating under plastic. Because of the 2015/16
4SSl az2yQa SELISNRSYOS 46A0GK 0 SRRBeleyfugrdwere wiere adid@ivative ithy = LI
their plant bed management. We identified several practices changed previous seasons. Many growers

requested their roots not receive sprouting stimulation heat treatment in-pedivery storage. A few growers also

did not use plastic covers for their winter plant bed installations. One result was delayed and sppradiing

for their early season, spring sweetpotato planting.

Even so, some plant beds still suffered large proportions of bedding root rots in the winter/spring installations.
Although many growers were concerned it was due to properties of the rootaratpgrowers had very different
experiences with the same root lots from the supplier. Increased amounts of rot losses were usually associated
with:

Low bed heights, and the subsequent impacts on poor drainage and aeration.

Overwatering, through rairexcessive or uneven irrigation. Insufficient attention to water management
was one of the main agronomic areas where we could envisage improvement.

1 There may potentially have been an interaction with elevated levels of organic fertiliser and plastic
coverng, although at that stage this was only circumstantial correlation.

Around 20% of growers were also cutting their sprouts off too low, between ground level and-8ciy 2bove
the surface. We were seeing increasing levels of disegserdtiumrolfsii) in those beds, as well as slower sprout
recovery rates between cuttings.

Most growers were getting their soil coverage right, with only a handful having more tbamds soil over their
bedding roots. In fact, we were seeing more growers with exposetsypoobably because of rain/irrigation
washing away soil and insufficient attention allocated tacowering between cuts.

Probably because of the much more widespread use of the more difficult to ma@ellgue overall sprout
production from planting bds in 2016/17 was probably ZI5% down on average, at 1200sprouts/n¥,
compared to the 2015/16 season figures.

Apart from focussing on practices we knew were essential (good plant bed height; even, shallow coverage of
bedding roots; minimum cutting hgit of 45 cm), the main plant bed productivity issues going forward were:

1 Management nuance for different cultivars, particularly difficult ones such as Bellevue.

1 Managing bedding root breakdown through options such as: reduced bedding root size and/or
physiological age; appropriate use of organic fertilisers and amendments.

1 Irrigation precision for productivity and bed longevity.

Provided we have at least 2850virusfree sproutém?, each 2845cm long and with at least three, welpaced
nodes within 5 cm of the cut end, the plant bed has done its job. Commercial grower yields from then on are
influenced by the suitability of the cultivar to forecast growing conditions, crop nutrition, and almost certainly
planting density. We were certainly seeing biagiance in sweetpotato yields and quality between growers,
however this seems much more due to issues unrelated to inherent plant bed gpotaritial.
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With the collaboration of regional growens the 2017/18 seasarthe progct team surveyed plant bed
installations in Cudgen, Lockyer Valley and Bundaberg every month since 20fjsEmphasisontinued to be
on assessing plant bed breakdown

Following major plant bed losses with 8ellevudan 2016/17, none of the bedding roots supplied by
Aus.Sweetpotato SeedB/L were preheattreated for the 2017/18 growing season. The supplied bedding roots
were generally substantially smaller grades. This was primarily due to unfavourable growirtgposratid flood

losses, however there is also an increasing general preference by growers for smaller roots. Project research has
shown that smalmedium roots give the greatest number of sweetpotato sprouts per kg and are therefore the
most costeffectivebedding roots for growers (provided all size grades are priced the same). Our project team also
theorises that smaledium roots are the least vulnerable to physiological breakdown. In our field demonstration
in Cudgen, we found that the range of sizasrently supplied are not inherently conducive to excessive

breakdown (seé\ppendix3, Appendix6).

As our project progressed, most growers got on board with the importance of maximising logdshehallow

root covering; and not overwateringp avoid poor drainage and aeration. Most growersre also watching their
sproutharvesting practices, to avoid spreading diseases, as well increasing the return rate of new sprouts between
cuts.

Becausef trying to avoid too much soil coverage, were seeing more growers with exposed roots, probably
because of rain/irrigation washing away soil and insufficient attention allocated-tovering between cuts.

A substantial proportion of growers, partieuly in thewarmerBundaberg region, have gone away from using
plastic to heat theiBellevueplant beds. Even those growers who still use the transparent plastic are keeping a
close eye on temperatures undtrat plastic, to try and reduce the risk of avbeating andnitiating bedding root
breakdown.This season, as in past yeane have seen major plant bed losses where growers have left the plastic
on too long, and overheated the beds, which confirms the importance of managing temperatures to avoid
caastrophic losses. Most growers are aware of using hooped plasticermahcingventilation byslitting the

plastic, or removing and reinstalling during very hot weatiéanipulating plastic covers remains a critical
component of successful plant bed nagement.

Many growers have also markedly reduced the amount of irrigation they apply to the plant beds. Many leave them
dry until a substantial proportion of the sprouts have emerged. Certainly, it is important not to overwater,

however it is still not knan whether sprout emergence is marginally promoted by some moisture and consequent
development of new roots from the bedding roots. We have certainly seen substantial adventitious root
development from bedding roots, although the importance in sproutatibin and development is unclear (see
Appendix7).

Our surveys suggest that irrigation management is another critical factor in establishing and maintain good plant
bed productivity. Several of the surveyed growers havedtiog systems for their plant beds that are unlikely to
be able to deliver the uniformity and sophistication of irrigation required for optimal plant bed performance.

Because of all the conservative treatments of the plant beds, many growers are expegidetiys in emergence

of Bellevuesprouts. It is likely that growers will have to employ different strategies for man&ghgvudn plant

beds (compared to other dominant cultivars), including purchasing more bedding roots, intensive management of
plagic covers, and potentially accepting high rates of physiological breakdown on beds targeted for early planting.

Interestingly, some growers also had issues in this season with breakd®ell@fuebeds planted in mid

summer. It is possible this is duedacombination of elevated temperatures causing excessive respiration of the
bedding roots (seéppendix7), excessive moisture from rain or irrigation, and/or high inherent disease loads in
the plant beds.

Following implemetation of the midterm review recommendations, and the increased workload in other
FOGAGAGASAYT GKSNB gl a fAYAGSR 6ARSALINBIR YSIadaNBYSy
that were monitored showed very high rates of productivity, vired the life cycle of the plant beds. In Cudgen,

we sawBellevueand Orleansplant beds producing 268proutsim? and 280sproutsim? respectively at the % cut.

In Bundaberg, we saw a wallanagedBellevuebed peak at 308proutsim?, at its 4" cut. Heavy rains in mid

January2018 were associated with breakdown in the plant beds, with productivity declining ts@odts/im? by

the 5" cut, and a low of 115prouts/m? by the 7" cut. Also,in Bundaberg, a similarly wattanagedBellevueplant

bed produced 27Sproutsim?at only its 240 dzi @ hy OS GKS WIF ydzr NB NI Ay FStfx
not as rapidly as the older plant bed. Its fin&l¢ut averaged 13Sprouts/im?.

51



Hort Innovation¢ Final Reportinnovating new virus diagnostics and planting bed management in the Australian Sweetpotato Industry

Discussion

At the start of the project in 2014, we wereamitoring values of around 20€proutsim? as a common plant bed
productivity value, and this was usually for the most common cultBeauregard

Most growers were implementing-2 plant beds per year, in winter and/or spring. The plant beds were usually
raised, although many growers only had thera®cm above the ground surface. Bedding roots were installed by
hand, and then covered by hand (shovel) or machine. Cooler season plant beds were covered with plastic, and
beds were usually well irrigated beforcovering. Plastic was usually left on until sprouts had emerged and were
pressing against the plastic. Sometimes growers would then remove the plastic, while others would change to
hooped plastic covers. Plant beds would be irrigated by either dri@troig, hand shift or solid set sprinklers,
usually similar to those they used in commercial fields. Once plant beds were in production, growers would cut
sprouts by hand, pack them crudely shaken to remove debris, store in the cool for a few hours tday$wand

then plant.

In the four seasons monitoring growers plant beds, we observed the following issues and consequences.

1 Widescale replacement &eauregardvith Bellevueand Orleans The shift taBellevuen particular has
seen a dramatic rise in:

c) problems with sprouting, particularly in cooler weather, and
d) problems with premature plant bed breakdown, after onk tuts.

1 Plant beds rotting due to being waterlogged, or because bedding roots were covered by too much soil
(more than 10cm in some ingnces).

1 Slow recovery of plant beds, after sprouts being cut too close to the soil surface.
1 Sporadic, but not unusual outbreaks of diseaS#grotiumrolfsii) in plant beds.

The premature breakdown of plant beds, usually associated witellevue was byfar the most widespread and
difficult problem (seeAppendix5 and Appendix7 for more detailed discussion). This was not an anticipated
problem at the start of the project.

Industry practice chage between 2014 and 2017/18

Bedding root supply

The specifications for PT bedding roots have both tightened and become more nuanced. The supplier is generally
harvesting his crop earlier, so there are more smaddium roots, and fewer large and oversipets. Roots larger

than 9cm in diameter are very rarely supplied, unless there is a shortage, and the commercial grower accepts the
risks.Bellevuen particular Is usually supplied in theB£m range.

The most recent consideration is avoiding supplpggdBellevuebedding roots. Even with good storage
conditions; current thinking is that roots more tharmbnths old probably only have a short plant bed life,
independent of their field management.

Close attention is paid to temperature management iorage at the bedding root production facility. Heating
treatment is no longer done of any roots, unless a grower specifically requests it, and is clearly informed of, and
accepting the risks. Any heat treatment is no more tharB8R8C, and generally for s than 24rs.

Where possible, the transport of roots is via direct supply, to the growers, to avoid issues witiptiulal storage
in distribution warehouses.

Plant bed timing

We have seen a number of growers shift fror@ plant bed installations peregr, to four, and even five separate
supplies. This is potentially because they are concerned about virus reinfection of their plant beds through the
season, but also because they are unable to maintain plant bed productivity, or the quality of theitsspast
about 4cuts. It is unclear the value of this strategy, however the fact that several large growers are doing it,
suggests it is at least cost neutral for them.
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Plant bed construction
One of the biggest changes has been the heights of growat pkds. Almost all growers would now have beds of
at least 25cm high, and some narrower beds are closer tadbhigh.

Most growers are very careful with their depth of soil coverage over their bedding roots. They encourage their
workers to press the lgier roots deeper into the soil, to have a level height along the tops of the roots.
Alternatively, some are grading their roots for size, and installing them in separate areas, to achieve the same
effect. Most growers are looking at£cm of soil coveragddeally, 35 cm is probably optimum in most
circumstances. Deeper coverage may be more helpful in hot conditions. In the latter seasons, we were seeing
more problems with insufficient coverage, due to rain or slumping uncovering roots.

Plant bed nutritio

Growers have started using more complete fertilisers, applying them both as a basal, and regularly during the
production season. They are less fearful of efegtilising and understand the importance of a sprout with high

nutrient levels. Thiswas furBiNJ SYLIKI aAaSR o0& NBadzZ Ga LINBaSyidSR RdzNA
which showed that sprouts with the best nutrient levels and wgetiwn foliage initiated the most storage roots.

Plant bed irrigation

Growers have become much more awarf not overwatering their plant beds, either through oveigating early
in the production season, or having extremely aamform irrigation systems. They have also moved more to
overhead irrigation, except some growers, who still use drip irrigatiwher their plastic. Most producers now use
solid-set systems specifically designed for their plant beds.

In the final project season, most growers kept their plant beds relatively dry, until sprouts were well shot. This was
probably a reaction t@ellevuebreakdown in previous seasons. The optimal balance may be a little more water
early on, to promote some bedding root system development. Certainly, the rule of relatively dry under plastic is
still a good option.

Plastic management

The other substantial change has been how growers use plastic to heat their plant beds. In the final project year,
growers sacrificed earBellevugproduction by not using any plastic at all. Other growers used plastic, but

preferred to use a hooped syste that provided more air flow, and slightly less extreme heat buddThe other
change is growers being much more conscious of soil temperatures, rather than using air temperature, or amount
of burn on the sprouts, as the signal for plastic removalr&thas also been a shift to regover floating meshes,

which are also associated with less rapid heat bupd

Because it appears temperature management is going to be one of the key issues for successful plant bed
longevity, it is likely that soil tempature loggers and warning systems will become much more common.

In terms of practice, growers are much more aware of plastic manipulation, and will regularly move plastic on and
off their plant beds, in response to either weather predictions, perceivet@rtemperature fluctuations.

Sprout harvesting and sorting
Sprout harvesting crews are now more careful in the precision with their cutting, starting at araamd@®@ the
first cut, and generally cutting above the scars in ensuing cuts.

A significant poportion of growers are now doing a field or shed sort, to provide higher quality, and more uniform
planting pieces for their planting crews. This is particularly the case for machitseried operations. Where
possible, growers are going for a longearmqing piece (3%!5cm), to try and maximise their yield potential.

Productivity result

During the life of the project, we have seen sprout productivity from plant beds jump to around

250sprouts/m? (a 25% improvement), with some growers achieving an dvgher benchmark. This is

notwithstanding the introduction oBellevueas a cultivar, which is a particularly problematic plant bed performer.
With optimum timing of sprout harvesting, at least 80% of those sprouts can achieve premium grade, although this
is a little more difficult witrBellevue

This is an outstanding improvement in industry performance.
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Appendix 3

Im pact of bedding root size and grade on sweetpotato sprout production

Introduction

In our initial survey with growers, weere often discussintheir preferences for the size pathogentested (PT)
bedding roots they received'here was a diversity of opinions, with some growaveuring large roots, as they
felt they sproutedmore redily, and produced more vigorous sprouBtherspreferred smalleroots, because
they needed fewer bins to install their plant beds

Themain PTsupplier wasvanting to be able to offer growers advice on whiat¢y could expect from supplied
roots, as welhsmanipulatetheir root production harvesting and grading practices to deliver the best quality
product to their grower clientsFor both the supplier and the growers, it was important to determine the
productivity potential of the range of potential ®@tpotato bedding roosizes and grades, so they could both
make costeffectivedecisionsabouttheir plant bed requirements.

These experimemstwere implemented to exaime thesprout productivity osweetpotatobeddingroots in plant
beds, both in immediat production for the key first cuts, and then whether there were lontggm impactson
plant bed sustainability.

Methodology

We established detailed experimental sitesbedding root grades plant beds. One was established at Gatton
Research Facilitpw C0 = (G KS 2 (i KSNJ dza Sdesignatetriit betladegimMBuridabgrg (BRAY.R2 6 S NI
These provided different soil typesdweather conditions.

Bedding root collectioandgrading )

Craig Henderson and Rachael Langenbuisited the m ‘ W
bedding root supplier (Rockhamptpim o~ i A -
September2014, and collected three tonnes ofiltivar '

Beauregard®Thedding rootsas they werebeing

harvested from groduction field We graded them

into six500Kkg lots, corresponding to the six treatment
we intendedimplementing at our two research sites.

The six treatments were:

a) Oversizeg usually graded out by the supplier
and sold as a commercial sweetpotato to a
local market

b) Medium-largegrade- would be included in a
mixed commercial lot

Platel. Collecting and grading bedding roots
from the PTsupplier.

¢) Smalimediumgrade- would be included in a
mixed commercial lot

d) Undersize- would not normally be included in a commercial lot, armlially disposed of on farm
e) Distorted- roots with irregular shapes, or senebendsconsidered unsuitable for a commerciat
f) Commercial astandard commercial lot, comprising a mixed grade, provided by the supplier

The grades were halvedijth 1.5t of roots sent toeach ofour two experimental locations
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GRF

This experiment was located on a black, alluvial-tayn at Gatton
Research Facilitigeds were raised to 1&n high, and 108m wide.

We designatedh single 60n length of plant bed as our experimental
area, dividingit evenly into24 plots each, with the central th of each
plot as the datum area. The experimental design was a randomised
complete block, comprisingur six bedding root gradgeatments
replicated four times.

Installation

On 14 October2014,we weighed out 3&g of the appropriate bedding
root grade for each plot. From that 3@, we took a random sample of
20roots, and measured thelength, maximum diameter and weight,
then repla@d them in the30kg lot.

The following day, @ took
the 30kg for each plot,
and placed them in the
central datum area of the
plot, installing thermacross
the plot, separatingeach
root by 1-2cm. We
measured the area of
plant bed covered by the
30kg of roots.Once we
had installed all the datum
areas, we then used the
remaining roots to fill in
the residual plotareas
within the experimental
beds.

T s

Plate2. Sweetpotato bedding root
experiment at GRF

~

Plate3. Assessing P3weetpotato
roots at GRF

Plate4. Installing PTsweetpotato
roots at GRF
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Plate5. Oversize (top), Mediuarge (centre) and Medium (bottom) bedding root grades installed at
GRF.
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Plate6. Small (top), Distorted (centre) and Commercial (bottom) bedding root grades installed at GRF.
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We shovelle®-5 cm of soil over theoots, and then
spread270g/m? of compound fertiliseritrophoskg
and830g/m? of gypsum over the installed bedéle
irrigated with 75mm of irrigation using hanghift
sprinklers. For the reainder of the experiment, we
alternated between minisprinklers and handghift
irrigation, until we installed two rows of drip linés
mid-December 2014.

We irrigated, weeded the plant beds, and sprayed for
insects to maintain the plant beds as per grower best
practice. We also recovered thant bed edges that
got washed away during heavy rainfall.

We trimmed the plant beds back ont@increase
sprout uniformity, on the10November2014.

Plate7. Covering PBweetpotatoroots at GRF

BRG

The second experiment was locatedo®&2 f f | 0 2 NI} GAy 3 3INE
property southwestof the Bundaberg Research Facility. It was a red
kraznozem soil, regularly used for commercial sweetpotato production

and plant beds.

The grower raised plant beds anmodi 15cm high, and 12@8mwide.
The experimerdl layoutand desigrthe same as at GRF

Installation

Theassessmentf the rootslots andlaying of roots on the bed were
the sameas at GRF, and all occurred ®@ctober2014. The grower
covered the rootaising amechaniseclough and leveller, which
furrowed the area between the begsovered the main bed, and
attempted to level the surface.

K S = This was only partially

i, - | successful andesulted in
uneven burial of the
bedding roots. Wéried to
even thisout, however it
appeared that many areas
were covered with more
than 7-10cm of soil.

¢

Plate8. Sweetpotato bedding root
experiment at BRG

Plate9. Covering PBweetpotato
roots at BRG
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The grower applied 20§/m? of compound fertiliser (GF451) overthe installed bedsThe plant beds were
irrigated with a solieset irrigation system, delivering apptionately12 mm/hr of irrigation, with a uniformity of
around75%.

The collaborating grower managed nutrition, weeding and pests along with their normal plant beds. Rachael
Langenbaker would advise the grower if she saw any issues arising from her rigdlznspections (usually once,
and often twice a week).

The collaborating grower trimmed the plant beds back oticicrease sprout uniformityon the
3 November2014

Experimental data collection.

At both experiments, when sprouts were ready for
harvesting, we would sample the centrairilof each
plots for measurement. These samples were collectegs
using standard commercial harvesting practices,
cutting around 4m above the soil surface. We would
collect all the material, and place in crates for storagegaasst s
and assessment. The remaining buffer areas were al$5zss

cut, and the sprouts supplied for commercial planting§ 3
or disposed of if there was no ready use for the
material.

The collected sprout samples weapeocessed in the
following manner. We weighed the total fresh biomas
and then separated the material into:

1 Damaged or diseased sprouts

Plate10. Harvesting sprouts from BRG plant beds

1 Undersized sprouts (<2fin long) and loose
leaf material

Acceptablesprouts(28-50 cm long). Sprouts longer th&® cm were trimmed back to this length.

Back cuttings (the trimmed excess of sprouts longer thaom)

\\‘l\'\m‘

Plate11. Assessing sprouts for productivity and quality at Bundaberg.

We weighed each of thiour categories and counted the number aéceptablesprouts. We randomly selected
20 acceptable sproutameasured theitength, width at the cut endand counted the number of nodes in the &
interval closest to the cut (distal) end.

After commencing sprout cuttinipp late Novembef104 (BRG) and eafBecember2014 (GRF), evcompleted
6 cuts at GRBy early ApriR015 whilst we conducted ¢uts at the BRG site, the last one in early M8g5
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Results

Bedding root grade analysis
Thesix grades of roots were readily differentiated at both sitegoodsegregatomwasroot diameter, which is also
the most readily assessed characiteia grading activityFig.4).

In understanding the graphic, use tB&F Oversize grade (darkblued G KS SEl YL S ¢KS 25
(value70 mm), represents théoweststandard diameter for bedding roots in that gradéhe lower boundary of the

box (valued0 mm) indicakes that 25% ofoots were betweem0-90 mm in diameter The upper boundary of the box
(value107 mm) shows 50% of theotswere90-107mm in diamete®® ! YR (G KS (i 2120migdhdwa 1 S NI
the maximumstandard diameter for that bedding root gradeith 25% of theoots between 10420mm

diameter. The x (valu86 mm) marks the meauliameter, while the line across the box marks the median diameter

The few points above and below whisker plot show outlier values that were consinhergds) and

unrepresentative within the sample

160 ® Qversize ™ Med-large ® Medium © Small ® Deformed ® Commercial 160 B Oversize ® Med-large ® Medium © Small ® Deformed ® Commercial
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Fig.4. Distribution of bedding root diameters for the six treatments in the bedding root quality
experiments at Gatton (left) and Bundabergight).

TheCommerciagrade was similar for both sitebetween 4890 mm, with a median of 70nm. The Deformed
gradeat both sites had morearrowroots, with 75% of roots less than 860m diameter, and a mediaof 50mm.
Threequarters of the Undersize grade (referred to as Small in the graphiese less than 44nm in diameter The
Smalimediumgrade really sized out Medium andisreferred to as such for the rest of this report. Although the
median ofthe Medium gradevas 60mm in both instanceshe spread was greater at the GRF s8imilarly the
spread of theMedium-large grade was greater at GRF, although 8RF and BRi@ad medians around 8&m.

The Oversize at GRF welefinitely wider diameter bedding roots thn atBRG

60



Hort Innovationg Final Reportinnovating new virus diagnostics and planting bed management in the Australian Sweetpotato Industry

The bedding root lengths for the gradéemonstratedseveralinteresting featuregFig.5). TheOversizeoots at

BRG were at least as long as the GRF roots, indicating they probably made that grade ontzakadimilarly,
the MedHarge gradeat BRG tended to be longer than the GRF counterpstst of the Deformed rootevere at
least as long as the Mddrgeroots. This could be previously seen in the photographs of the rootssadllation

450

400

Bedding root length {(mm)
e om N W ow
5 & B & 8 @
8 & 8 & 8 8

w
S

® Oversize ™ Med-large ® Medium = Small ® Deformed ® Commercial

o

Fig.5.
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100
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B Oversize ® Med-large ™ Medium © Small ® Deformed ® Commercial

1]

Distribution of bedding root lengths for the six treatments in the bedding root quality

experiments at Gatton (left) and Bundaberg (right)

Bedding root weight gradg$ig.6) demonstrate clear distinctions between the fosizebased grades at both
sites Both the Deformed and Commercial lots hadistribution of bedding root weights similar to the

combination of the Medim and Mediurdarge grades

2500 ® Oversize ® Med-large ® Medium ® Small # Deformed ¥ Commercial 2500 B Oversize  Med-large § Medium © Small ® Deformed ® Commercial
2000 - 2000
-E" 1500 % 1500
: = :
: : =
E’ 1000 tén 1000 .
3 E
3 B . 3
. o=
- B ==
0 i 0 ;
Fig.6. Distribution of bedding root weights for the six treatments in the bedding root quality

experiments at Gatton (left) andBundaberg (right)
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Predicting plant bed requirements

In laying out the rootsit was obvious that a much greater weight of larger roots was requirddl tgp the
designated area of plarited. We analysed the relationship between root size #melkg required to fill a square
metre of plant bed by lookingat the data from both GRF and BR®ere was a very clear relationship between
root diameter and bedding root requireme(ig.7). The relationshigailed once roots were more than 8&m
diameter. This was probably because laayel oversizeoots were vey hard to pattern onto the bedparticularly
laying across the bed\s anexample of the usefulness of this relationshifpive knowa bedding root lot has a
median diameter of Tm, we canquicklyS & G A Y I (i S ¥k§dlhedding/rSo&fdr every squee metre of

LI Iy

Bedding root requirement (kg/m?)

Fig.7.
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Relationship between mean bedding root diameter and the quantities of roots required to fill a
plant bed area, for plots at Gatton (closed circles) and Bundaberg (open circles).
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Plant bed productivitgnd sprout quality

GRF

It took 7 weeks from bed installation for 300 r
the GRF plant bed to reach size for the
first cut, althoughthe first harvest was 2o | R S~
only 21days after the initial trin(Fig.8).

. 7_7-‘1/_‘/ ~—— . '\\\-\
Cuts2-4 were on average 2days apatrt, -
while the later cuts were extended as the
temperatures cooledAlthough there
wasno significant differencén sprout

200 | :ﬁi%\
production between thébedding root

150 ‘ l ‘ l ] }

gradesat eachcut, here was a consistent 0o |

trend fOf the MEGLarge grade to -=-Qversize -=-Med-large Medium Small -=-Deformed -=~Commercial

produce slightly moresprouts for the first

few cuts. The total amourof sprouts 50 ' ' ‘
15/10/2014 10/12/2014 4/02/2015 1/04/2015

produced by the Medarge roots across

all cuts wasl0%more than the other

grades averaging 248prouts/n¥ at each Fig.8.

cut. The Oversize roots had the lowest

productivity at both later cutsSprout

productionimproved through the season,

peaking at Cud, before declining in the

last twosproutharvests

Acceptable sprouts/m?

Date

Sprout productivity at GRF only slightly affected by
bedding root size grade bars show the 95%
confidence intervals for the respective Cut means.

120% Apart from the first Cut, all the ensuing
harvestsproduced avery high proportion
of premium length sproutgFig.9). We
categorise sprouts 28m or longer to be of
a premium length (sefppendix8). This
was an exellent result The slight dipat
Cut4 suggests we may have been a few
days early with that harvesThe Small
gradewas the poorest performer,

100%

80% I

Proportion of premium length sprouts

co% | —-Oversize  ~+-Med-large Medium particularly in the mieseason cuts.
Small —=Deformed —=—Commercial

40% L L L

15/10/2014 10/12/2014 4/02/2015 1/04/2015

Date

Fig.9. The proportion of premium sprouts at GRF slightly
lower for undersize bedding rootg bars show the
95% confidence intervals for the respective Cut
means.
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50 [ The average length of sputstells a

similar story, although the poorer
performance of the smallest bedding roots
is much clearer heréig.10). Those small
roots were still producing an acceptable
sprout, just significantly shorter than the
larger gradesin comparison, the Oversize
roots consistently producelbng sprouts

30 | l [ [ [ [ at each Cut.

45

40

35

Average sprout length (cm)

[ Across all the Cutthe mean sprout width
-+0versize -=-Med-large Medium Small -=-Deformed -=-Commercial was 335 mm, W|th 3'5 nOdeS in he d|Sta|
15cm of the sprout The number of nodes
was inversely related to the length of the
. sprout We did not detect any consistent

Fig.10. Larger bedding roots produce significantly longer relationship betweersprout width or
sproutsduring mid-season Cutg bars show the 95% node number and bedding root size grade,

confidence intervals for the respective Cut means. although there was a marginal trend for
the smallest roots to havenore nodes

close to the cut end of the sprout.

25

20 : : .
15/10/2014 10/12/2014 4/02/2015 1/04/2015
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BRG

Asat GRFtitook 7weeks from bed
installation for theBRGplant bed to 200 |
reach size for the first cutyith the first
harvest 2 days after the initial trim
(Fig.11). This 3week interval was
constant, except for Cl8 and Cuf,
which were both delayed brain.

-a-QOversize -=-Med-large -=-Medium Small -=-Deformed -=-Commercial

300

200
Unfortunately, we had very poor sprout

emergencdrom several of thelots,
probably due to burial of the roots being 100 |
too deepin some plots. This created
substantial variability across the
eXperIment maklng Compar!sons 8/(?[0/2014 3/12/2014 28/01/2015 25/03/2015 20/05/2015
between the treatments difficult

Certainly the Small, Medium and Med
large treatments were worst affected,
reflected intheir poor sprout production
Althoughthe production of the other
three treatments was initially very high
they dropped by nearly 50% over the twc
months from early December to early FebrudRatherthan reflecting on the impact of bedding root size, this
experimentshows rapidly declininglant bed performance throughoot and sprout death, and the impact of
prematureharvesting on sprout productiofCuts4 and 6).

Acceptable sprouts/m?

Date

Fig.11.  Sprout productivity at BRG affected by emergence
failure, plant death, and premature cutting bars
show the 95% confidence intervals for the respective
Cut means.

Plate12. BRG plot with good sprout emergence (left), compared to poor sprout emergence (right).
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120% [ -=-Oversize  -+-Med-large Medium In contrast to GRS ut1 at BRGoroduced
smal “beformed - Commercial a good proportion of premium sprouts
(Fig.13). Thereafter it was veryariable
and particularlypoor at Cut&t and 6
There was no clear association with root
grade, although the smaller roots did
appear to produce fewepremium length
sproutsduring the midseasonThe

100% |

80% |

60% I

Proportion of premium length sprouts

ao% | proportion of premiumsproutsalways
improvedwhen cutting was delayed
20% | l | ‘ l ‘ ‘ ‘ In terms of sprout length (Fid4), there
was a cleasegregation at the first cut
:;"610,'2014 3/12,;2014 23,'01;'2015 25/03;’2015 20/05I,f1015 between thethree poor pl’OdUCtIVIW
Date treatments (Small, Mgdlum and Med
large)and the remaining treatments. The
former obviously had delayed sprout
Fig.13. The proportion of premium sprouts at BRG variable emergence, as well asanysprouts not
and impacted by harvest timing bars show the 95% emerging at dl This differencén sprout
confidenceintervals for the respective Cut means. lengthhad disappearecby Cuts2 and 3.

The smallest roots again performed less

well at Cut4, although experimental
-=-Oversize -=-Med-large Medium Small -=-Deformed -=-Commercial varlablllty clouds this reSUlDelayEd
harvestingfor Cut7 allowedall bedding
root grades sufficient time to produce
longer sprouts

50

45 3

40
Across all the Cuts, theean sprout width
wasvery consistent at 3-3.6 mm, with
absolutely no effect of bedding root size
All sprouts had at least3odes in the
distal 15 cm of the sprout. The number of
nodes was inversely related to the length
of the sprout so on occasiorand in those
55 ; ; ; , treatmentswherelength was downnode
8/10/2014 3/12/2014 28/01/2015 25/03/2015 20/0s201s  humber were closer to Snterestingly at
Date Cu 7, even though theprouts were long,
they still had4-5 nodes in their distal
Fig.14. Larger bedding rots produce significantly longer region.
sprouts during midseason Cutg bars show the 95%
confidence intervals for the respective Cut means.

35

30

Average sprout length (cm)

25

|
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The rule of thumb of multiplying the bedding root diametem)by three to calculate the kg/fof bedding roots
required will be a very useful planning tool for growers and the bedding root suplftlieill enable
communication®f requirements order volumes, and expectationsthat relationship to be muchlearer,
particularlywhen the root sizes may be different from initiatipticipated

The problem wittunevenroot depth coverage at the BRG site was disappointing, however it was an excellent
learning exercise for usarly in the project. It also reflected issues that commercial growers had that same year. It
was definitely a stimulus to really press the padfithe importanceof precise plant bed coverage throughout the
rest of the project In terms of commentary othe impact of bedding root size and grade, the focus will mainly
therefore be on the GRF experiment.

It is unclear how much to read into ttstightly superior performance of the Mddrge bedding roots, compared to
the other treatments. It was consisteatcrosshe first four Cuts The fact that the Commercial treatment had a
very similarsize distribution of rootsyet performed similarly to the other gradesuggests it was probably just a
chance occurrencdll the othertreatments performed similarlyso we suggest that within the bedding root
grades currently received by growetBere is probably very little impact on sprout production potential, in terms
of numbers of sproutper area of plant bed.

The distorted roots performed equally as well as thieer grades. The main problem is the care of handling, as
they break easily, which maxacerbate diseasissues. If they intact, they are very difficatid timeconsumingo
install in plant bedsSo,they will mainly not be included for practical reess, although the odd root in a lot is
probably no issue.

Looking at sprout quality, it {zossiblethat in the mid-season cutsgt12 weeks after cutting commences), sprouts
from smallroots (40-50 mm diamete) maybe slower torecover and regrowPerhapsn high productivity plant
beds, they more quickly exhaust the nutrient asutjar supplies from the host bedding root, than do sprdudam
larger bedding rootsWhether this effect can be overcome by higher nutrient levels in the plant agevell as
really encouragingndependentsproutroot systemsis unclear.

As the plant bed seas@rogressesthe relative nutrient and sugacontributionsfrom bedding rootgo sprouts,
comparedto independent root systemgutrients)and sprout leaf area (photosyndite) would be very interesting
to determine Our net conclusion is than a plant bed with predominantly small bedding roots, thee between
cuts may need to be delayed for a few days.

Sprout quality, primarily length, is very much a function of appiadprharvest intervalsAwell-managedplant bed
can probably turn around 90% premium length spraantaround20-22 days in midsummer, however this will be
weather dependentLow or extreme temperaturegxtended rainy, cloudgays, poor irrigationor extremely poor
nutrition, will extend this intervalMost growers ar@awareof this issughowever practical farming circumstances,
or plantingdemands, can mean th&tarvesting may take place too early, or too laféis optimal windw is
obviously shortein peak growingonditions andmay only be 3 days in miesummert

A cut that is a few days early will result in a lower proportion of premium spyauis a shorter overall mean
sprout length e.g. GRF Cdt A cut even more premature will start to rede the actual numbers of acceptable
sprouts, for example as occurred in Cdtsand 6 at BRGCutting sprouts off too close to ground level will delay
regrowth, as well as potentially actually reduce sprout numbrdess extremely premature, theming ofthe
cuts is unlikely to affect sprout width

Letting plant beds grow past their optimal harvest date is usually less problematic, unless the dplag@@able.
An appreciable delay can be as short &sdays in migseason or several weeks duringpoler periods. Probably
the main issue is that sprouts become tangled, amntch moredifficult to harvest. Not only does tanglingean
cutting is more time consuming, there is alpoichgreater chance of damaging the critical sprout tidgdamaged
tip meansthe sprout has much lower yield potential. Depending on their planting systems, growers have a
maximum sprout length they can hand@elayed cutting meansore sprouts have to be trimmed, another time
expense In someinstancesthe rapidlyexpandingsproutcan havensufficientnodes in the distal 16m, due to
extended internode distances.
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Apart from the variability issues, the decline in the BRG plant bed as the season progressed wasnuch
noticeable than at GRFhe best plots did start from a very high base, of aroundspfouts/n?. This decline was
fundamentally associated with sprout deaths even when cutting was delayedlowingspouts to reach optimal
size, the numbers were still well down, compared #olg in the seasorCuts5 and 7 suggest more than half the
sprouts had been lost, compared @utsl and 2 This plant bed rotting is associated withth physiological
breakdown of the bedding root, as well as pathological attack by fungiResgriunspp) or bacteria
(e.g.Erwiniaspp). This plant bed breakdown is more commowiinerable cultivars such &ellevue

In this instance, it iBkely that the deep root placemeritnpacted the three poor treatments at BRG. There was
very heavy rain duringanuary, which would certainly hairapacted, and increaseebts in the plant beds,
particularly of those roots that were marginal,termsof soil coverage.

The results from these experiments suggest timaist root sizes in the commercially suppliets will generate
similar spout densities and qualityThere is no problem with a few out giecification(e.g. small or distorted
roots) in asupply. Avell-maintainedplant bed can maintain benchmark producti{280-250 sprouts/n¥) of
premium sproutdor at least Scuts, although this is potentially cultivar dependent.

Because production from a square metre of plant bed is basically independbatding root size, the most
productive bedding root grade on a per kg basis is a smadliumroot (arourd 5060 mm diameter) although
they may take a few days longer to produce a premigprout than a mediunmoot (60-70 mm).

The greatest risk to plant bed performance and longevity is premature breakdown, usually associated with
pathogenic attack on the beting root, spreading to the sprouts. It is possible that bedding root size plays,a role
with large roots, greater than 8@m diameter being more vulnerable. This is discussed at greater length in
Appendk 5 and Appendix7. However, it is just one of the risk factors, andgrtally others, such agmperature,
aerationand water logginghedding root age and pathogen load are more important
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Appendix 4

Assessing the i mpact of nitrogen nutrition on sweetpotato sprout production

Introduction

Generating sweetpotato planting material sigroutsfrom beddingroots in the Australian systeis a highly
intensive process, which extends ove6 months, and oftereven longer. 8me growers look for-B cuts from
their beds with each cut removingp to 10kg/m? of stem and leafmaterial at each cutlin the initial stages,
nutrition for the sprouts is provided by the bedding roots, however sprouts should estafdisheéndent root
systemdo support nutrient requirements for later cutas the bedding roots degradBedding roots also re
establish feeder root systems after installation, althoulgat role in supporting sprout development is unknown.

Growers regularly applground 10 g/m? of completeinorganic fertilises, or 300g/m? of chickermanure based
organic fertilises, as a basal application ptant bed installation. They follow this with regular sidesssingof
fertilisers during the production periodisuallyafter every cut. These sidelressing are nitrogen focussed,
targetingthe equivalentof 30-50 kg/ha of N.

The experiments reported here sought to determine appropriate levels ofdidssing fertiliser addition to
maintain sprout productivity from sweetpotatplant beds. Ointerestwaswhether requirements were similar for
different cultivars whether excessive nitrogesould cause sprout quality issues, and whetttexr amount of
nitrogen applied as siddressings affected the incidence of plant bed breakdown.

Methodology

We established detailed experimental sitesevaluate nitrogen
nutrition in plant beds. Ongvas established at Gatton Research
Facility (GRF), the othesedl O2f f F 62N} GAy 3 3
plant beds in Bundaberg (BRGhese provided different soil tyge
weatherand cultivar conditions.

GRF

Thisexperimentwaslocatedon a black, alluviatlay-loamat

Gatton Research Facilit§oil testing bthe siteshowed an initial
nitrate level of 32opm. Prior toforming theplant bedswe spread
the equivalent of 1@/ha of gypsunto provide high levedof
calcium and sulphur, as well as reduce the risk of surface crusti
Beds wereraised to16 cm high, and 10@8mwide. The formed
beds weresprayed witha solution of MicroZB plus (contaig
10%boron, 15%zinc and 1%nolybdenum) at a rate of 1L/ha,
before the bedding roots were installed

We designatedwo 30 m lengthsof plant bed as our experimental
area, dividing evenly intd2 plots each with the central Im of
each plot as the datum area. The experimental design was a
randomised complete block, comprisisix treatmentseplicated  p|ate13. Installation of PT

four times. The structure was a factorial, comging two cultivar sweetpotato roots into
treatments by three nitrogen fertilisereatments plant beds into the GRF

nitrogen experiment
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We used twocultivars Beauregardand Bellevue The threenitrogentreatments were:

1. Lowg the equivalent ofLlOkgN/ha; adding 7.7g potassium nitratger square metrebalancedwith
40.89g potassium sulphate to maintain a constant potassium léaredach plot Considered one third
standard grower practice

2. Med, ¢ the equivalent of 3&gN/ha; adding 23.3 potassium nitrate per square metre, balanced with
24.5¢g potassium sulphate to méein a constant potassium levidr each plot. Considered standard
grower practice.

3. High-the equivalent of 6kg N/ha; adding 46.2 potassium nitrate per square metr€onsiderediouble
standard grower practice.

Thenitrogenfertiliser treatments were aplied by dissolving the required amounts of potassium nitrate and
potassium sulphie in 18L of water andirrigating them on using a watering caWe applied the treatments on five
occasionsimmediately after bed installation, arelibsequently one or twdays after the first fousprout

harvests.

Weinstalled around 1kg/m? of gradedBellevueand
16 kg/m2 Beauregard®T bedding roots on top of the
formed beds and thenmanuallycovered the roots
with 3 cm ofsoil. Prior to supplythe Beauregardand
Bellevuebedding roots were praproutedat the
Rockhampton production facility, by heat treating at
25-30°C(90%RH)for oneandthree weeks
respectively

The plant bedwereinstalled onl10 September 2015
and irrigated with50 mm of irrigation the following
day. Ahandshiftirrigation system, delivering
approximately25 mm/hr of irrigation, with a
uniformity of around75%, wasnitially used for this
experiment Because of issues with wind and irrigatio
uniformity, a drip system was installed to assist with Plate14. Plant bed irrigation system
irrigation on difficult days.

Weirrigated, weeded the plant bedsind sprayed for insects to maintain the plant badsper grower best
practice. We also recovered the plant bed edges that got washe/during heavy rainfall.

BRG

The second experiment was located o®@2 f f I 6 2 N} (A y 3 3 Néast & MEBanddbiN@Reledtdhe 4 2 «
Facility. It was a red kraznozesuil, regularly used for commercial sweetpotato production and plantdédthe

plant beds had already been installed by the growemid- September2015 When we installed our plotghe

beds were around 14m high, and 8@m wide Soil testing of the site showetlhad a nitrate level o8 ppmon

3 October2018.

We implemented the samexperimental treatments as at GRF, with the exception thatBeauregarctultivar

was replaced wittOrleans. SOF dz&S 2 F (G KS 3ICkRan$ldidere in brie platziibed, and l thel K S
Bellevueplots in a second beds at GRF, the individual plots werendong, and we used the centrahi as the

datum area.The plant bed wereirrigated witha high precision solidet irrigation system, delivering

approximately5 mm/hr of irrigation, with a uniformity of aroun85%

The collaborating grower managed nutrition, weeding and pests along with their normal plantRacdsael

Langenbaker would advise the grower if she saw any issues arising from her regular field inspections (usually once,
and often twice a week)Thegrowerhad a history of high performance plant beds, so we were very confident they
were managed in line with their concept of best practice.

Ms Langenbaker applied thiertiliser treatments(same as at GR&) four occasions, immediately after first
preliminary bed trimon 5 November2015 and subsequently one or two days after the fitstee plant harvests.
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Experimental data collection.

Before the bedding roots were installed GRF, wéook four 10kg samples oBellevueand four 10kg samples of
Beauregardedding rootfrom the commercial lotgo assess their grade characteristics. For each samgle,
measured the length, maximum diater, weightand extent of sproutingf each root in the sample.

Plate15. Samples oBeauregard(left) and Bellevue (right) for bedding root quality assessment

At both experiments, when sprouts were ready for harvesting would sample the centrdlm of each plots for
measurementThese samples were collected usingnstard commercial harvesting practices, cutting arourch
above the soil surface. We would collect all the material, and place in crates for storage and asseBseent
remaining bufer areas were also cut, and the sprouts supplied for commercial plaraimdjsposed of if there was
no ready use for the material.

AL

i

Plate16. Assessing sprouts for productivity and quality at Gatton (left) and Bundaberg (right)

The collectedsproutsamples wergrocessed in the following mannaie weighed the total fresh biomassnd
then separaté the material into:

1 Damaged or diseasesprouts

1 Undersized sprouté<20cmlong) andloose leaf material

1 Short acceptablsprouts(20-28 cm long

1 Optimalsprouts(28-40 cmlong). Sprouts longer than 4€m were trimmed back to this length
1 Back cuttinggthe trimmed excess of sprouts longer than df)

We weighed each of the fiveategories anadounted the number of short and optimal sprout&e randomly
seleced 10 sprouts from each afhe short and optimal groupsneasured their width, and counted the mber of
nodes in the 1%&m interval closest to the citlistal)end.

We intermittently sampled the surface soils to chetkfacenitrogen concentrations in the plant beds at both
sites

Bythe end of Februarg016, there had beerb cutsat GRF and dutsat BRG.
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Results

Analysis of GRF bedding roots
As discussed, we assessed rgmdes ailGRE-before
the beds were installed. SR g

SeeAppendix3 p60 for interpretation of the
box/whisker plotsThe analysis of the root size
distributions for the twocultivars shows very
consistentgrades for both(Fig.15). Whilst their lengths
were similar, theBellevugended to beslightlylarger
diameterthan Beauregard They were both regular
medium size bedding rogrades

6 -

Almost all roots were withid-8 cm in diameter, with 2
50% between 4 cm.

Bedding root diameter (cm)

" L]
® Bellevue ™ Beauregard Bellevue ® Beauregard

&

w
v}

w
=)

o
[

N
S

&
Bedding root weight (kg)
o
&

Bedding root length (cm)

=)

04
9 -
02

0 0

[
=}

Figl5.  Diameter (top right), length (left) and weight (right) of individual bedding roots from the 2015/16
plant bed nutrition experiment at Gatton Research Facility.

Theheatingpre-treatment resulted in 50% of both cultivars having visible sprahisse roots averaging-1
2 sprouts per rootMost of theBeauregardsprouts were only 2 mm long In contrast, while 75% d&ellevue
sprouts were 3nm or less, the remaining 25% wairp to 7-9 mm in length.
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Plant bed productivity

It took 8 weeks from bed installation for th&RFplant bed toreach size for the firstut (Fig.16). Cuts2-5 were on
average?6 days apart, although CsiB and Cutd weretaken early, due tdogisticsaround holiday arrangements
Productivity at this site was consistently around 2D sprouts/n?, except for the early harvest at Céitwhere
our harvest averaged 1&prouts/n?. At Cuts2-4, Bellevugproduced10%more sprouts tharBeauregardAt no
cutdid the amount of nitrogen fertiliser applied affettte number ofacceptablesprouts harvested.

300
250 f
200 F

150 F

100 [ —Bg Low ——Bg Med ——Bg High Bg Mean

--=--Bv Low ----BvMed ----Bv High Bv Mean

Total spout production (sprourts/m?)

0 L 1 1 1 1 L L 'l L L L L
10/09/2015 5/11/2015 31/12/2015 25/02/2016
Date

Fig.16.  Sprout productivity at GRF affected by cultivar and days between cuts, but not nitrogen
nutrition treatments ¢ bars show the 95% confidence interlgfor the respective Cut means for
Beauregard(Bg) andBellevue(Bv).
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At BRG, it was nearly ieks frombed installation until sprout harvesting he grower trimmed the plant beds in
early Novembeto improveuniformity, so the first harvest was arourstb days after that even(Fig.17). The

grower removedhe Bellevueplant beds after 16veeks, as they were not planting that cultivar after January, due
to perceived unacceptable cracking and discolouration Bsllevueaveraged around 218prouts/n? at both of its
cuts.Orleansproduced appreciably more sproutisan Bellevueat both those early cutsconsistentlygenerating

over 250sprouts/n?. Orleansproductivity did decline by Cut Productivity at this site wasore variable,

reflected in the larger confidence intervalssat the GRF locatiomjtrogen did not impact the nuiver of

acceptable sprouts harvested on any occasion

350

300

200 |
150 F

—0Or Low ——O0r Med ——Or High Or Mean

100 X
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Total spout production (sprourts/m?)
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O L L L L L L 1 1 L L 1 1
10/09/2015 5/11/2015 31/12/2015 25/02/2016
Date

Fig.17.  Sprout productivity at BRG affected by cultivar, but not nitrogen ntiton treatments ¢ bars
show the 95% confidence intervals for the respective Cut meansddeans(Or) andBellevue
(Bv).
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Sprout quality
Thenitrogen fertiliser strategy didiotimpact any sprout quality traiffor any cultivar, at either site.

At GRF, for botBeauregardand Bellevue cultivars, provided harvesting was delayed until the beds were ready,
both cultivars were capable of providing around 85% premium grade sprbhitsis showmat Cutsl, 2 and 5
(Fig.18). Harvesting earhat Cuts3 and4 resultedin a much greater proportion of short sprouBellevuehad a
lower proportion of prenium sprouts tharBeauregardn both those occasions.

100%
90%
80%
70%
60%
50%

40%

30%

Proportion of optimal sprouts

20% ——Bg Low ——BgMed ——BgHigh Bg Mean
----Bv Low ----BvMed  ----Bv High Bv Mean
10%
0% L L L Il 1 L L 'l L 1 L 'l
10/09/2015 5/11/2015 31/12/2015 25/02/2016
Date

Fig.18.  The proportion of premium sprouts at GRF affected by cultivar and days between cutspbut
nitrogen nutrition treatments ¢ bars show the 95% confidence intervals for the respective Cut
means forBeauregard(Bg) andBellevue(Bv).
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At BRGBellevuewnas consistently around 80% pnéum sproutson both cutting occasionsOrleanswas lower at
70% anddeclined to 60% by CHt(Fig.19).

100%
90%
80%
70%

60% |
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30% f
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: ----Bv Low ----Bv Med ----Bv High Bv Mean
10% |
O% [ I L L Il L I L Il L L L 1
10/09/2015 5/11/2015 31/12/2015 25/02/2016
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Fig.19. The proportion of premium sprouts at BRG affected by cultivar, but not nitrogen nutrition
treatments ¢ bars show the 95% confidence intervals for the respective Cut mean©fteans
(Or) andBellevue(Bv).

Across all the cutat both sites 60-90% ofOrlears and Beauregarcoremium sprouts were more thanm in
diameter at the cut end. In contrast much lower proportion oBellevuesprouts were thighick; the percentage
wasonly more than 60% when there were few optimal sprouts.

All cultivarsconsistentlyproduced 34 nodesin the distal 15cm at both sites.

Soilnitrogen levels
There was no corstient relationship betweeffertiliser treatment andmeasured soil nitrate levels at either site
(Tables4, 5).

Table4.  Soil nitrate levels inGRMplant bedsnot clearly linked tonitrogen fertiliser strategy.
Soil Nitrate (ppm) |09/11/1502/12/15 |16/12/15 [11/01/16 |19/02/16

Low 7 15 6 6 21

Medium 7 10 8 6 23

High 8 17 23 8 16

Table5.  Soil nitrate levels iBBRGplant beds not clearly linked to nitrogeffiertiliser strategy.
Soil Nitrate (ppm) | 1/12/15 [30/12/15 |28/01/16 |25/02/15

Low 13 36 20 17

Medium 12 34 15 14

High 13 38 14 35
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Bedding root supply

The PT bedding roots supgliéor the GRF experimemtere high quality, consistent lotslemonstratingclose
attention to size and quality specificationShe presprouting treatments weresuccessfuin this instance andid
not appear to exacerbate any breakdown issues in the bedding roots, either in storage, or subsequent field
plantings.

Nitrogen strategy

The lack of angbvious or consistent impact of changing nitrogen application rates on plant bed performance was
interesting. At GRF for example, the Higltreatment received®50kg/ha more nitrogen than th&owN

treatment, yet we did not pick up any significant diffaoes in sprout productivitysprout quality, plant bed
breakdown, oreven in soil nitrate levelsThis lack of effect was consistent across all cultivars, at both sites.

The initial soil fertilitywas highat both experimens, so the background nitrogen gply may have been sufficient
to generategood nitrogen levels for sprout productioRotentially, the bedding roots themselves may have
supplied a level of nitrogen to the sprouts for an extended period of time, both thrinigial direct transfer, and
at later stages, even if they were breaking dowfrom microbialmineralisation

Biomass removal calculations suggest harvesting spfouts high productivity beds removingd-10times more
nitrogen than is being replaced greneral sidedressingsThe ack of any Nesponse in this situation is intriguing
indicatingthe situation ismore complex than anticipatedl’he current conclusion is that there is no reason to shift
from current industrypractice, although perhaps the rates of sideessing shoultbe increased in low fertility soils
as a risk management strategys there appears no issue with o¥fertilising.

Futurework mayalso focus on developing critical plaigsuetests for sprouts, agell as theiiorphological
characteristics, as a guide fertiliser requirementslt is unlikely that soil testing will provide much useful
information for decision making for siefressing requirementsf adequate basal fertiliser has beappliedat bed
installation.It is very unlikely that growers caver-fertilise their plant beds.

Cultivar performance antthe timing of harvest

At GRFBellevueproduced more sprouts thaBeauregardat three of the five cuts. This was unusualBadlevuds
generally not considered a strong plant bed perfornf&erhapsn this instance the heat prreatment optimised
sprout productionfor this cultivar.Orleanss a very strongprout producer as shown at the BRG site, generating
nearly 300sprouts/n¥ at peakperformance There was some evidence of plant bed breakdovith Bellevueat
BRG, however it did not change between ¢unglicating it was not catastrophic, and the total productivity was
acceptable for this cultivaByCut4 at BRGQrleanswas suffering productivity issues, with both the quantity and
quality of sprouts declining. By this stage, the plant bed 8sa®nths old,sosuch a decline is understandable.

GenerallyOrleanss ahigh-quality sprout producer, generatingeliablethickandrobustplanting material At the
BRG site, perhaps theery high productivity ofOrleanswvas causing competition between the sprouts, and the
plant beds could have been left to grow for a few more days before harvesting, to ensure a premium length
sprout.

All three cultivars generated sufficient nodal densities for premium sproutseiseexperimens.

The results of early cutting at GBEarlydemonstratedthe productivity and quality penaltgssociated with
prematurely harvesting plant bed3utting earlyresultedin fewer sprouts, and a lower proportion making
premium length It also demonstrated thaBellevuemay be slower tgroduce sprout length than the other two
cultivars.

Given adequate nutrition levelshé number of days to reach optimal cuttingggmarily a function ofveather
(temperature and slar radiation) however it is also dependent on cultiveraracteristicsas well as sprout
densitiesand induced intessprout competition.Growers will need todctor these variables into their judgements
whendeveloping their planting schedules and correlated plant bed requirements.
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Appendix 5

Assessing the potential impact of excessive irrigation on productivity and breakdown rates in
Bellevue plant beds

Introduction

During the latter years of VG13004, it was apparent
that the commonly grown Gold cultiv@ellevuevas

recognised that there appeared to be both F N : ,., »
physiological and disease aspects to this breakdown. R ‘s .
However, the actual initial causes of premature ' A
breakdown were hard to elucidate, and particularly in
highly variable field situationddanagement options to

alleviate this issue are an important grower priority.

A model for breakdown in sweetpotato culti&ellevue
In field andcontrolled environment obervations, we
have observedellevuebedding roots detericating
due to both physitbgical and pathological processes : s »
(seeAppendix7 for examples). Plate16c Bellevuebreakdown in plant beds

4 ¥ $-

In long termstorage, een in reasonable temperature conditions, the roggst lighter, and irsome cases become
extremelyhollowed out. This is likely just respiratidnivinguse of internal storages of sugars and starches,
although this has not been determinedigher temperatures drive more rapid respiration.

One hypothesissithatat a certain respiration rate, thiuild-up of respiratory metabolitezausesnitial death of
internal tissuesThis then starts aegativefeedback loop, where the decaying tissue releases more toxic
compounds, until the root starts to rapidly breakdown. This decaying tissue is also suitable environment for
pathogenic organisms, particularly fungi swshFusariunspp.and bacteria sch asErwiniaspp.

Conditions thaslow orprevent the root changing oxygen for metabolite gagesch as carbon dioxide or
ethyleng at a sufficient rate would exacerbasmy physiologicabreakdown processAccording to this hypothesis
physiological lkeakdown would be greatewith:

1 Higher temperatures, driving increased respiration rate

1 Storage withother roots that are breaking down, thus reducing oxygen and increasing the concentrations
of toxic metabolites

9 Larger bedding rootswith a smaller pegram surface area for gas exchange
1 Inthe field, conditions that slow gas exchange, such as deep burial, waterlpggiingpmpaction.
We have certainly observed those conditions driving breakdown in storagendiedd planting beds.

Although we havaot had the opportunity for a comprehensive pathological study, we know that we are picking
up Fusariumand Erwiniaspp.in breaking down bedding rootdany pathogeni@rganisms are endemic in most of
our horticultural soilslt may be that very higloads of these organisntan causesubstantial breakdown, even
when the conditions for physiological breakdown are pagsent However, our current view is that generally we
require at least one of thabove conditions to be play, to drive breakdown.

Although beyond the scope of this proje&gellevuemay beinherentlyless resistant or tolerant of theathogens
causing breakdown, compared to other cultivars.

The purpose of this final series of projestperimentswas to examine the role of irrigationanagementn driving
productivity and breakdown iBellevueplant beds and, whetherover-wateringis a substantiatiskfactor.
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Methodology

We established detailed experimental sites on two growpreperties in Bundaberg, investigating impacts of
irrigation management on productivity and longevityB#llevueplant beds. One experiment commenced in
September2017, with the other installed in midNovember2017, toprovidecontrasting environmental and
seasonal influences.

Growerl
This site had no commercial sweetpotato crop for at leagedrs
It was a red kraznozem soil, which wamigated with metham g i o

sodium eight weeks before installing the plant beldkant beds
were formed20cm hidh and 100cm wide A high grade organic
fertiliser (based on chicken manuyevas appliedat a rateof
1000g/m?. The collaborating growenstalledaround I7 kg/m? of
gradedBellevuePTbhedding rootson top of the organic fertiliser
and then covered theoots with 5cm of soil The surface of the
plant bed was then additionally fertilised withfarther 50g/m? of
Amgrow slow release fertiliser

The plant bed was installed @hAugust2017 andrrigatedwith
48 mm of irrigation the following day. Aolid-set irrigation system, §
deliveringapproximately 12nm/hr of irrigation with a uniformity
of around 80%was used for this plant bed.

We designated 25 of plant bed as our experimental area,
dividing it evenly into 1plots, with the centrall m of each ot as
the datum areaThe experimental design was a randomised
complete block, comprising three treatments replicated five time :
The three irrigation treatments were: Plate17. Installation of Bellevue
into plant beds

A - O SR

4. Grower¢ grower practice as per the rest of his plant bed
with no additional irrigationapart from that applied by
the grower.

5. Moist, - with an additional 1615 mm of irrigation per week, targeted at keeping plots moist, i.e. less than
25 kPa soil water potential

6. Wet- with an additional 26B0 mm of irrigatian per week, targeted at keeping plots wet, i.e. generally in
the 5-15kPa soil water potential range

The additionalrrigationtreatments were applied by watering can once or twice a weadkre was taken to avoid
runoff, although at times &haellangenb&er had to reduce the amount of water applied, lzese of runoff. In
periods of heavy rainfall, no additional irrigation treatments were appligt first additional irrigation treatments
commenced on 2&Geptember 201,7and continued through until 26ebuary 2018, when the formal
experimentation ceased.
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On 9September2017, Ms Langenbakeinstalled Chameleon soil
moisture and temperaire sensors in each of the three treatment

plots inBlocksl, 3 and 5In each plot, wo moisturesensorsvere

buried at 7cm deep, level with thepper surfaces of the bedding

roots. A third moisture sensor was buried at@@. close to the level

of the original soil surface. A temperature sensor was burigtiet

same depthas the shallow moisture sensors. The Chameleon sensors
loggedevery twohours andrecorded the data for later downloading.

Plate18. Installation of
Chameleon sensors

Plate19. Chameleon sensors and plot layaut

Grower2

This sitewas regularly used for commercial sweetpotato cropping or ped installations for several years prior
It wasalsoa red kraznozem soil, which was fumigated with methsodiumseveralweeks before installing the
plant beds. Plant beds were form&@ cm high and0 cm wide The collaborating grower installed around

19 kg/m? of gradedBellevuePT bedding rootand then covered the roots witlicm of soil This soil was levelled
and slightly compressed mechanically with a pal&i fertiliser was applied to the plant bedsinstallation

The plant bed was installed @November2017 after having beemoistenedwith 18 mm of irrigationfour days
before. A solidset irrigation system, delivering approximately rhn/hr of irrigation, with a uniformity of around
70%, was used fahis plant bed.

The experimental layout, design and treatments wekactlythe same as with Growel, although each plot was
2m long, providing an additional buffer between datum areas

At this site, thefirst additional irrigation treatments commencexh 1 December2017, and continued through
until 26 February 2018, when the formal experimentation ceaddd Langenbaker installetthe Chameleon
sensors using the same procesassat Growefl on 6 November2017, only 3lays after bed installation.
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General site management

At both experimental sites, theollaboratinggrower managedhutrition, weeding and pests along with their
normal plant bedsMs Langenbakewould advise the grower ghe saw any issues arising from her regular field
inspections suallyonce, and often twice a weekicach growehas a history of high performance plant beds, so
we were very confident they were managed in line with theancept of best practice.

Experimentatiata collection.
Before the bedding roots were installeldls Langenbaker tookeveral 2(kg subsamplefom the commercial lots
to assess their grade characteristiEsr each sample, she measured the length, maximum diameter and weight of

each root in the sample.

After plant bedinstallation Ms Langenbaker tok
photos of each plot every few weeks, to be used for
visual assessment ahy obvious differences in sprout
growth orplant bed breakdowrbetween treatments
Ms Langenbaker regularly liaised with tgeowers and
organised to be osite each time thewere going to
harvest sprouts from the experimental area.

When the sprouts were being cut for commercial i
planting RL would liaise with the cutting crews, and g&#
them to place the sproutthey were keeping from the
plot datum areas into a separate crate for each plot.
She couned and weighed the sprouts from the In?
datum, and then randomly select 2prouts as
representative of that plot.

S I | : RS L E

-

Plate20. Collaborative experimental sprout
harvesting

Plate21. Measuring sprout length and nodal ates

ity.

] ) For eachof the 20spouts in the sampleshe measured their total
Plate22. Measuring sprout width length, their width, and counted the number of nodes in thech
interval closest to the cut end.

By April 2018, there had beencats byGrowerl, and 5cuts by
Grower2.
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Results

Analysis of bedding roots
Asdiscussedye assessed bedding root grades at bott  zs0
sites, before the beds were installed.

EGIABGIBRGICHEGIDEGIENG2ANG2BEG2C

300
SeeAppendix3 p60 for interpretation of the
box/whisker plotsThe analysis of the root size
distributionsfor the two Growers(G1 samples A&, G2
samples AC)demonstratedrelatively tightly graded
commercial lineswell within the medium size category
(Fig.20). In eachsample, there were only a few size
outliers. Almost all roots were within-B.cm in
diameter, with 50% between & cm.
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Fig20. Length (top right), diameter (left) and weight (right) of individual bedding roots from the
2017/18 plant bed irrigationexperiments, for sites Growet and Grower2.
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Treatment implementation

At Grower 1, the irrigation treatments commencedweeks after the beds werastalled(Fig.21), when sprouts
had started to emergeWith Grower2, Ms Langenbakeimplemented the tratments Sweeksafter bed
installation(Fig.21). $routs had started to emerge earlier at this site, because of the warmer wearhertotal
weekly amount by a treatment is the value shobythetop boundary of its colour. Where a weeltbtal does
not have a treatment coloyrit only received rain during that week

Both sites experiencedery heavy rain in Octob@nd DecembeR017, and January and Mar2018. This rain
dominated water applications durinfpose months
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Fig.21. Weekly waterreceived by Growed (top) and Grower2 (bottom) plant
beds from installation to 20April 2018.
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Wehad to reduce the amounts of irrigation we applied to the additional treatments, as particularly with the Wet
treatment, we were unable to add more watesithout it running off We did not have the resources to be able to
irrigate twice a week, which may have improved our irrigation capaCiytainly rain and grower irrigation
dominated the total amounts of water appliedspeciallywith Growerl

Table6.  Total water receivedmm) by Grower 1 plant beds from installation to20 April 2018

Source Grower | Moist Wet
Rain 1069 1069 1069
Grower irrigation 808 808 808
Additional irrigation 0 113 227
Total 1877 1990 2104

Table7. Total water receivedmm) by Grower2 plant beds from installation to 2@\pril 2018

Source Grower | Moist Wet
Rain 589 589 589
Grower irrigation 317 317 317
Additional irrigation 0 105 210
Total 906 1011 1116

Soil water conditions

TKS FTRRAGAZ2YIFE ANNAIFGA2Y RAR RNAGS RAFFSNByOSa Ay
the bedding roots and other rhizosphebélogy. Soil water sesor data(examples Fig22) showed thatas we

added more additional irrigatiorthere were certainly more extended periods of wet conditions, &wler dry

periods. The other interesting observation from the soil moisture data, and backed up by the amountsatbirrig
applied, waghat the Grower2 plant beds were substantially drier than the Growdreds
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Fig.22. Seasonal Chameleon soil moisture data for shallowc(d) and deeper (2@m) zones in plant beds.
Colours show periods of dry (red), moist (green) and wet (blue) soil water statusShmwer1 (left) and
Grower2 (right) experiments, with the upper and lowecharts representing Grower and Wet
treatments respectively.
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When we calculaté the total amount oftime duringthe experimental periodhe beds spent in either dry, moist or
wet conditions(legend in Fig23), we can see the differences duedoowerirrigation practice, as well as our
additionalirrigation treatments.

B Dry M Moist B Wet

Grower Moist Grower Moist

Time of plant bed in moisture condition (%)

Grower1 Grower 2

Fig.23. Grower2 plant beds experienced more dry conditions that Growkrwhile additional irrigation
also drove wetter soil.
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Soil tempeatures
In reviewing the soil temperature data, we can see thath growerirrigation and our additional watering
influenced temperatures within the plant bedBig.24).

At the Growerl site by late August 50 r « Grower « Moist + Wet
maximum temperatures were around i
27°C although minimums of 1% were ‘
still sufficiently low to restrict sprouting, a0 f
particularly ofBellevuelnterestingly E
aroundearly to midOctober, the driest
(Growerirrigation) treatment was
regularly 45 degrees hotter than the
other treatments that receved additional
irrigation, peaking for several days at
35°C.This effect persisted until the b
massive 300nm rain in mid 15 £
October2017, after which there was no ; | . | .
SeQregatiomf the irrigationtreatments 11/%8,1‘2017 26/09/2017 21/11/2017 16/01/2018 13/03/2018
in terms of soil temperatures. Date

as |

35 f

E

Temperature (°C)

s f

20 f

In contrast, temperatures at the slightly 50 ¢ * Grower * Moist s Wet
drier, Grower2 site fluctuated over a
greater temperature range for most of
the seasonandpeaked at much higher a [
temperatures as wellt is unclear
whether thiswasa result of land aspect,
drier soil conditionsor the narrower

taller plant beds exposing the soil mass t
greater solar incidence oversmaller
thermal masslt wasalso very notable at
this second site that théeast irrigated
treatment certainly consistently recorded 15 |
the hottest temperatures, throughout | | |
the grOWing periodFor several WeEKSv 22310/2017 23/12/2017 17/02/2018 14/04/2018
those plots vere reaching maxima of well Date

over 40C

as b

35 F

30

Temperature (°C)
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Fig.24. Grower2 plant beds (bottom) experienced higher soil
temperatures than Growerl (top), while additional
irrigation reduced maximum temperatures at both
sites.
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Plant bed productivity

It took nearly9 weeksfrom bed installatiorfor the Growerl plant bed to produce sufficient sprouts justify
cutting for commercial plantingCuts2-4 were onlyaround 24days apartwith productivity rapidly improving to a
peak of 30Gprouts/n? in early Januar2018(Fig.25). Grower2 plant bed came into productionWeeksafter
installation, and also peaked in productivity in early January, although this wagssegond cutThe next three
cuts at both sites showed deterioratipgoductivity; onlyminor reductions from January to Februa2@18 but
more substantial in the ensuing cuts. By the fAjgril cuts, productivity at both sites was down to around
130sprouts/n?.
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Fig.25.  Sprout productivity peaked at an exceptional level, then declined in late summer and autumn.
Irrigation had no impact on sprout productivitg bars show the 95% confidendetervals for
the respective Cut means for Growdrand Grower2.

There waso impact of additional irrigation on sprout productivity, at any cut at either site @5ig It should be
noted that the driest irrigation treatment was consistently the least productive, however this difference was not
significant There was a consisiit trend for the Growed plant beds to be slightly more productive than the other
site at each cutting occasion. This former site also maintained its productivity above the benchmark
250sprouts/n¥ for several cuts, before falling away.
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Sprout quality

Mean sprout lengthsvere consistently around 338 cmfor Grower 1, apart from being slightly lower at Cits
and 3 probably because the grower required the plant material early for his planting sch@igl26). Grower2
started with a mean sprout length of around 86, increasing to 4&m by CuB, and keeping at that length for
the next two cutsThere was no impact of irrigation treatment on the lengths of sprouts.
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Fig.26.  Sprout length was unaffected by irrigatiotreatment, however Grower2 harvested
consistently longer sprouts at later cutsbars show the 95% confidence intervals for the
respective Cut means for Growdrand Grower2.
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The range of sprout lengths across all th mCut1®Cut2 mCut3 =Cut4 BCut5 BCut 6 WCut 7
cuts for Growetl and Grower (Fig27), 70
show the former had a tighter
specification with a maximum length of 60
50cm. In contrastGrower2 had a
substantialproportion of sprouts more = 50
than 50cm long particularlyfrom Cut3 =
onwards. Their maximum length was ® 5
60cm. g
o
Fig.27. Grower2 (bottom) cut a &30
greater range of sprout
lengths and loger maximum 20
sprout length than Growerl
(top). 10
BCut1®Cut2 ®Cut3 ®Cut4 ®Cut5
70
60 T
g 50
)
5 40
& 30
20
10
Theaveragewidth of Bellevueat both
sites was around-3.5mm, reasonable !
for this cultivar. As with other
characteristics, there was no influee of e |
irrigation on this trait (Fig28). o
£
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Fig.28.  Sprout width unaffected by irrigation treatment.
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51 ForGrower 1, the meannumber of nodes
. in the distall5cm of the sprouts started
f,“\ off at around 3.5, and then fell to just

a \\:%‘ P ,,-—-«-'"“' more than 2 during peak production, and

then climbed back t8.5 as fewer sprouts
were produced in the later cuigig.29).
Sprouts from the Growe2 site
consistently had higher sprodensities
peaking at 4.4 at the first cut, falling 84
20 G Grower Gl Mokt ——G1 Wet 1 Mean at the most productive C\2, before

increasing again with sequential cuténtil

the last cutin April2018, the GroweR site
Wi 1aMT sAnIn7  iyoyions S0l 9f03is  6/0s/2018 generally had at least one mor®de per
15cm than Growed.

Nodes in distal 15 ¢m

-==G2 Grower =-=--G2 Moist -==G2 Wet G2 mean

Date of sprout harvest

Overall sprout quality at both sites was
impressive Around 90% of the sproutt
both sites were premium lengs (>28cm),
except for the Growel Cuts2 (60%)and 3
(80%) and GroweR Cutl (80%) which
were probably a few days early, due to
commercial planting requirements.

Fig.29. Sprout nodal density was unaffected by irrigation
treatment, while Grower2 sprouts consistently had
greater nodal density than growet.

Breakdown

Reductions in productivitirom mid-January2018were associated with rottingedding roots Other bedding roots
were still intact.A proportion of sprouts were still producing based on independent root systafter the
underlying bedding roots had disappear&y. MarchApril 2018,some of theseindependent sprouts were also
dying from disease. Although diagnostics haat been completecbn materials collected from these sites,
Fusariumand Erwiniawere both symptomaticallyevident in the breakdown areaBreakdowrstartedrelatively
isolated, but patches were starting to beconmaore widespread andoalescing by mitlarch at both sites.

From photographic evidence, field observations gndductivity assessments, there was no association between
irrigation treatments andreakdown extent at either site.

Discussion

Thegrade analysi of theBellevuecommercial lots supplied tboth growers confirmed showed thatpecifications
for this cultivar had beetightened to exclude large sweetpotatgemndwere generally within the smailinedium
range of3-8 cm. This was a deliberate move the supplier to reducgotential risks of premature breakdowrit
should be recalled thagmaller roots are more expensive to produce (lower yields pgrdred growers also
requirefewer bins of smaller roots to produce the same number of sprdssall things being equal, producing
smaller roots, and grading out large rootsisost currently born by the supplier.

Whilst it was difficulto supply the levels of additionatigationinitially targetedin the experiment, we still
managed to create wetlpnt bed conditions for thelesignated treatments for much of the growing period.
Further, heavy rain in several months did create the potential for waterloggingnamyoccasionsin hindsight,
more water addition during th@re-sproutemergence phase mayave been a useful test as well.

The soil temperature results werateresting, suggesting there may be some benefit for light surface wattring
reduce soitemperaturesduring peak heat periods. Temperatures of85Cwould certainly be sufficient tdrive
increased respiration and subsequent bedding root deterioratieor growers that insist oinstalling new beds in
peak summer, it may be worthwhile to reduce temperatures by slightly deeper soil covering aiycoivh
frequent, light watering.
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Productivity from both plant bedgup until midJanuary 201Bwvas excellent, and for several cuts was well above
the early project benchmark of 23p50sprouts/n?. Thedecline in both plant beds postanuarywas notobviously
due to any one factorCertainly there was a major rain event, however there were bigger even@dtober and
December2017. There were hot temperatures, however it was also similarly hot befordléeYear. At this

stage, the best guess is an accumulatiodeteriorationfactors, includingsimpleageing of rootsinaking them
susceptible to pathogenic attack. Perhaps at a cenpaiimt, one more adverse rain or heat weather evergs
sufficientto catalysepoint of no return deterioratiorfor individual roos. Thisbreakdownmay adversely impact on
neighbouring roots, or act as reservoios infection of independent sprout root systems.

The @pacity of both growei@®lant beds to cope with extreme weather events was very encouragimg fact that
there was ndmpact onproductivity or breakdowrfrom adding additional irrigation suggestsiaspossible to
minimise the influence of excessive water during #pgout production period bgnsuringgood bed height and
drainage. These wetitructured plant beds would be more reglit to sub-optimal irrigation practices, as well as
less uniform irrigation distributions.

This experiment did not address water requirements at bed installa#idtmough we did not have sensors
installedfor the firstfew weeksafter installation, Growed did irrigate reasonably regarly, so tkere was at least
some moisture in the bed. Grow@rdid not irrigate earlybut certainly started before sprout emergendest
strategy is probablproviding some early moisturgyith no requrement to ramp up irrigation until sprout
development and canopy expansion is well underWwdgnagement of moisture isituationswith plastic covering
remains asignificantunknown.

We were hoping to use an afffie-shelfapp to assess canopy cover ootsl however this was confounded by
Bellevudoliage beingsubstantiallypurple, not green This reduced the capacity emalyse images in a reasonable
time frame for this project.

Although these experiments did netucidate any treatment differences, thalid demonstrate that using best
current practice, high plant bed performance is possible, even under trying seasonal weather congiipials.
sproutingof Bellevuewasstill problematic, taking nearly @eeks froman early Augusinstallation to first at
(without plastiq. This experiment confirmed thdtigh rates of nutritiordid not adversely affect plant bed
performance andvasan effective strategy to ensure good sprajutality.

Treatment with metham sodium did not give letgrm managemenbf soil pathogensas initial diagnostics
suggestusariumand Erwiniawere apparent in large numbers in breakdown areas.
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Appendix 6
Cudgen bedding root size demonstrations 2017/2018

Introduction

During the latter years dProjectVG13004, it was apparent that the commonly grown Gold culBellevuevas

the most susceptible to premature breakdown in plant beds. The project team and a few sweetpotato growers
recognised that there appeared to be both physiological and déesaapects to this breakdown. However, the
actual initial causes of premature breakdown were hard to elucidate, and particularly in highly variable field
situations.

Craig Henderson and Rachael Langenbaker initiated grower demonstrations on two prope@ietgen, northern
New South Wales, to:

1 Ascertain whether there was a difference in breakdown rates from commersiafiplied PT bedding
roots, if they were sorted into distinct size classes.

1 Recheck the hypothesis that there were no major differencespiout productivity from sorted sizes of
commerciallysupplied bedding roots.

Although this work was unreplicated, it was on a sufficient scale that we are confident the results reflect
commercial reality. We felt it was useful to report what occurredhiis project final report.

Methodology

Demonstration 1

On 15/08/2017, Md.angenbaker and the cooperating grower sorted a U$bin of commercialbgupplied
Bellevuebedding roots into two lots, a smathedium grade (SM), and a medidarge grade (ML).

Ms Langenbaker then randomly collected akpsample froneach lot. For each sample, she measured the length,
maximum diameter and weight of each root in the sample.
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Demonstration1 plant beds.

The following day, the grower installecht of plant bed for each of the two root lots. He provided a very small
amount of irrigation, to slightlynoisten the bed. Contrary to practice in previous years, he initially did not use a
plastic cover, as he was concerned it would enhance breakdown of this sensitive cultivar. However, by the
10/09/2018, there were still no signs of sprouting, so he covénedplant bed with hooped plastic for two weeks,
until late September.

Ms Langenbaker regularly liaised with the grower, whilst bothllegenbaker and Mienderson visited the site
about once a month.
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On 09/01/2018, MHenderson harvested sprouts fromree separate one square metre samples from each of the
demonstration plots. For each sample, he counted the total number of useable sproutsr{Figdength, nil

damage or disease, intact tip). He then took a randonsf2@ut subsample from each sampkeor each of those
sprouts, he measured their total length, their width, and counted the number of nodes in thenisterval

closest to the cut end. Note that sprouts longer thanc® long were trimmed to 46m.

Demonstration 2

On 09/10/2017, Md.angenbger and the cooperating grower sorted a 1&§ bin of commerciallgupplied
Orleansbedding roots into two lots, a smathedium grade (SM), and a medidarge grade (ML). Misangenbaker
then randomly selected a 10@ot sample from each lot. For each sammhe measured the length, maximum
diameter and weight of each root in the sample.

On the same day, the grower installedr3of plant bed of each of the two root lots. He provided a very small
amount of irrigation to slightly moisten the bed. Because it was later in the seamodOrleanss a good sprout
producer, no plastic covering was required.

Plate24. SmallMedium (left) and
Medium-Large (right)Orleans
bedding roots installed in
Demonstration2 plant beds.

Ms Langenbaker regularly liaised with the grower, whilst both
Ms Langenbaker and Mienderson visited the site about once a
month.

On 09/01/2018, MHenderson harvested sprouts frorhé full

length of each of the demonstration plots. For each plot, he

counted the total number of useable sprouts (>@f in length, nil

damage or disease, intact tip). He then took a randonsfa@ut

subsample for each plot. For each of those sprouts, basured

their total length, their width, and counted the number of nodes in

the 15cm interval closest to the cut end. Note that sprouts more

than 45cm long were trimmed to 46m. Plate25. Covering theOrleansplant
bed in Demonstratiorn?.
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