PURE
TASK 3.3A — MAIZE “ON-STATION”

Research Protocol

OBJECTIVE

The final goal is to evaluate the main advancediandvative IPM strategies in order to supply
farmers with an effective and complete packageblétfor protecting effectively maize with a very
low environmental impact and reasonable costs.

BACKGROUND
The research protocol will be based on the follgapninciples:

- focus ongrain maize only (although deliverables will be useful foragje maize as well)

- amulti-pest approach will be followed;

- the protocol should b&s common agossible between CNR, UDCAS, ARVALIS and DLO but
IPM systems should edapted to local conditions

- at each experimental site gheessure of major harmful organismwill be estimated by using
the most suitable monitoring systems chosen obdise of a cost — benefit analysis;

- rotation is the key element of the systems tested;

- key element of the IPM strategies will be thenigfecation and use of hybrids or varieties
tolerant/resistant to one or possibly more pestischseases;

- precision farming approach should be followethi& IPM systems tested;

- monitoring and control strategies should hawe tosts, proportional to grain maize incomes.

Areawide level monitoring (performed by using thalde crop bulletin that will provide
information on pest pressures) should be a keyeaateio achieve this. The bulletin is already
produced in Italy and we will supply to other pas for adaptation according to their region.

- Stakeholders groups will have to be formed as ssopossible and be part of the identification-
testing-evaluation circle for IPM tools and stragsg

The protocol will compare three levels (treatmenfjrop protectionconventional, advanced

IPM and innovative IPM

a) Conventional system will use the most commoatian in the region and the standard
agricultural practices (i.e. commonly applied g@agliculture practices).

b) Advanced IPM system will use more diversifietatmn(s) always depending on

the region Cultural practices like sowing date &aise seed bed preparation, crop cultivars choice
as well as use of monitoring and forecast systaerhicide band applications coupled with
mechanical weeding will be considered.

c) Innovative IPM system will implement the mostest innovations made available and make use
of all tools that reduce the dependence on pesscildl will deal with more complex rotations, (e.qg.
cover crops between two main crops), innovations@chanical weeding, DSS, and innovative
biological tools. Generally, non-chemical methodl be preferred (e.g. biofumigant defatted seed
meals, biofumigant cover crops, Bt treatmentshaalgh they may be more expensive and/or less
effective.



SITES

ltaly, CNR

Hungary, UNIVERSITY OF DEBRECEN

France, ARVALIS

The Netherlands — DLO, (Reduced experiment on weedgaring chemical based control with 2
levels of IPM based management) —

EXPERIMENTAL LAYOUT

Experimental design: Randomised block design
Replications : at least 3
Plot size: at least 300

PHASES

A) DEFINITION OF THE ROTATION : based on background described above the maigs fie
chosen for »on station« trials will be includedypical rotation (anyway no maize after maize);
Cultivation: the best agronomic practises useful xtmake healthy« the crop will be
implemented: good preparation of »sowing bed«,uimoiv fertilizer to favour early vigour,
irrigation if applicable, ..........

All the basic agronomic information (previous cromsganic matter content, other main soil
characteristics, rainfall and its distribution.,.).will be recorded.

B) IDENTIFICATION OF THE MOST TOLERANT/RESISTANT HYBRI DS (resistance to
viruses, to main diseases,...)
To find and prepare a list of the most well fittagh yield hybrids in the different areas with
preference to new materials and choose the mastaestolerant ones to:

* viruses,

» diseases

» tolerance to ECB
mainly for using them in the advanced and innowatRM systems that will be tested.

C) PEST — DISEASE PRESSURE EVALUATION

1) SOIL INSECTS — Agriotespp.or other local important pestsbait traps and YATLORf) Annex
2) WCR-Diabraotica virgifera virgifera(YATLORf, Pherocon AM) for conventional Annex 2

3) BlackcurwormAgrostis ipsilon, Agrostis segetunaps (Delta- sticky, HARTSTACK) Annex 3
4) ECB-Ostrinia nubilalis(Sesamia) — light traps Annex 4

5) Helicoverpa armigerapheromone traps Annex 5

IPM practices in Advanced and Innovative scenaniisboe based on Alert programmes using
development models that indicate their implemeatati hese will be also used for practical
reasons informing stakeholders so that a continterus updating will be possible. In order to
make cost feasible Alert programmes will work at:

1) AREAWIDE LEVEL Areawide IPM strategies that gives general and iBpeinformation at
county, area scale from monitoring networks andettggment models implementation optimized
using statistical tools like geostatistics; thiformation can be used and disseminated by techmsicia



but at the same time can reach and be useful teitigée farmers through internet and other media;
this will identify areas where pests populationgkdelow threshold at very low cost and areas
where field further assays are needed,

2) AT FIELD LEVEL On farm IPM strategies addressed to a single fawinparts of a single farm by
using based on specific sampling and specific fesmaformation; these can use tools used in
ABOVE GROUND

PEST CONVENTIONAL | ADVANCED INNOVATIVE
SOIL INSECTS In furrow soll Generally no Generally no
(Agriotes) insecticide or seed | treatments — treatments —

treatment decision based ondecision based o
risk assessment | monitoring
with/or not results
monitoring
results

Diabrotica In furrow soll Rotation no Rotation no

(WCR) insecticide or seed | treatments treatments
treatment

Blackcutworm Post emergence | Generally no Generally no
insecticide treatments — treatments —

treatment at pest | decision based ondecision based o

presence development monitoring
models results
Aphids and other, Post emergence Generally no Generally no
Heteroptera insecticide treatments — treatments —
including treatment at pest | decision based ondecision based o
vectors of viruses presence monitoring monitoring
results results

ECB (Sesamia)

Broad spectrum
Insecticide

Decision based
on development

Decision based
on development

treatment just after | models— if models — if
maize flowering needed low needed biologica
impact treatments or
insecticides really selective
(selective) low impact
insecticides
Helicoverpa Insecticide Decision based | Decision based
armigeraand treatment at on development | on development
other leaf pests presence models— if models — if
needed low needed biologica
impact treatments

insecticides




D) PLANT CROP INSPECTIONS AND MEASURES

Each plot should be scouted by choosing at randane&s of 20 m X 2 maize rows per field and
observing all the plants. Plants with typical wigem or black cutworm damage, will be
individuated and all the larvae found near theasoMlill be collected and identified. Please indecat
sampling areas used from the beginning till the @ttie trial.

In each sample area the following observationslvaltdone at emergence and 5-7 leaves :
- crop stand (number of normal plants/20 m);

- number of seeds damaged,;
- number of emerged plants damaged by wireworms,aratvor other soil pests per 20 m.

E) ECB AND OTHER PHYTOPHAGOUS INSECTS ASSESSMENTS
1) light trap captures (every day assessment or at least two times pek)ve
2) Assessments on ECB attacks and life cycle

2.1) delimitation of plot borders;
2.2) Evaluation of the plot’s uniformity; if the@e zones clearly different because of accidental
factors (e.g. maize lodging due to adverse climainditions exclude them from the sampling;
2.3) ON THE AREAS OF EACH PLOT, FORM SAMPLING AREAS8xclude the 2 outer maize
rows from each side and 1.5 m above and belowaaany edge effects; in the centre form 2 sub-
plots of 20 m x 2 maize rows each.
2.4) observations

In each sub-plot you count:

2.4 1)damage from 1st generation® plants with symptoms of 1st generation ECRchi{(e.qg.
holes on leaves) — at the second half of June;

2.4 2) Developmentevery week starting from the second half of Jume40@ plants with ECB
damage, taken from the border rows of the plotsess the number of larvae and pupae, by cutting
along the maize plant in half; when more than 30%he insects are pupae eggs are expected in 7
days; from next week start with egg clusters assest

2.4 3)2nd generation egg clusters: from 30% pupae ondospn of leaves just above and below
the ear of at least 300 plants/field at random rdey to find and count egg clusters laid over time;
count parasitized and non parasitized eqgqg clusters;

2.4 4) 39 generation larvae presence: inspection of silkagsess young larvae and/or sign of
presence (chewed tissues, feces, ..on 40 plansupetot;

2.4 5) other herbivores (aphids, red mites): 20-30 ddiex &reatments:inspection od sub-plots
observing at least 5° plants at random; plants éodovided into: aphids: : 0 = no presence; 1= 1-2
small colonies; 2=several and/or large colonies¢ maites= as above.

2.4 6) beneficials: after 30-40 days from the tne@nt collection of 100 leaves in the middle of the
plot and observation of main predators/parasitescéwing eggs, pupae of syrphidae, pupe of
ladybirds, Orius, pupae and adults of Stethorus @tdota, ....



2.4 7) Evaluation of ECB at harvest

At the same sampling areas as indicated above (Besure:
a) Total number of plants (final stand)
b) Plants without ECB damage,;
c) Plants without ears/cobs;
d) Plants with symptoms of ECB attack (e.g. holeseavés, on cobs);
e) Plants broken above ear;
f) Plants broken below ear;

On 10 plants from each subplot measure :

g) _plants with ECB damage on the:cedch cob of the 10 plants will be classified adiogy
to the percentage of surface damaged by ECB ussugle from 1 to 7, which corresponds to: 1 =
non attacked, 2 = < 4%; 3 =5-10 %, 4 = 11-25 %,25-50%, 6 = 50-75%, 7 > 75%.

h)_plants witlFusariumpresencesach cob of the 10 plants will be classified adoay to the
percentage of surface coveredmysariumusing a scale from 1 to 7, which corresponds te:nbn
covered; 2 =1-3 %, 3 =4-10%; 4 = 11-25 %, 5 5P%6, 6 = 50-75%, 7 > 75%.
i) larvae/plant;
J) number of tunnels per plant
(recording the length; > 10 and <
10 cm);
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F) WEED ASSESSMENT

Main objective: Evaluate and compare the effect otonventional, advanced and innovative
weed management practices on weed densities and ibiass

Materials and Methods
1. Sampling area/plot will be the area inside the pbatluding the 2 outer maize rows from
each side and 1.5m above and below to avoid ang effigcts (see example below).

2. Fixed rectangles will be used for the weed assestst@aced in a way that allows weed
density counts along and between rows (ideallysfiaee between two maize rows, 0.75cm)



Locate rectangles in the centre of each plot atbegcrop rows of the sampling area, when
the first measurement will take place after mairerence

VERY IMPORTANT : Randomize rectangles throughout the sampling acearding to
the weed distribution in the field (e.g. check thlet for weed patches before placing
rectangles) in order to get the best estimaticth@fveed density in each plot

Fixed rectangles should cover at least 1% of démepding area/plot

When herbicide applications or mechanical weedsmgarformed, remove rectangles for
convenience but keep indication where the rectangle fixed e.g. by leaving a colored
ribbon along the row on the spot (maize plant) thatleft bottom corner of the rectangle
was.

Weed density & biomass assessments

Weed density assessmentVeed seedlings/species are counted from fixetamgtes and not
removed to check post-emergence weed control edfetfinal weed density.

1*' measurement after maize emergence-2 leaves,

2" at two-three weeks after post-emergence weedaldhtrbicide or mechanical
weeding),

3" before maize harvesting to identify final weed sign

Data collected Weed density per species as affected by diffdareatments as well as total
final weed density/f plot.

Weed biomass assessmeriirom each plot, total weeds will be cut from tixed rectangles and
placed in a numbered bag corresponding to eachRkresh weight from each bag/plot will be
measured by the use of a precision balance.

1 measurement before maize harvesting after tla¢ diensity assessment.
Data collected: Total fresh weed biomass hplot.

. Example of a plot (0.75cm between row spacing, vectl lines indicate the 14 rows)
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» 10 fixed rectangles, each of 40 cm x 75 cm dimerssidocated in the centre of each plot,
along the 10 middle crop rows and in a random mositvhen the first measurement takes
place after maize emergence

» Sampling area of the plot excluding the bordersurado 7.5m (10 rows in the centre) x
37m=277.5

« Of which sampled/plot: 10 (rectangles) x 0.30@0cmx75cm) =3 A (1.08% of sampling
area)

Maize biomass Assessment
1. Aboveground dry biomass:

a. Plants will be cut at 15 cm from the ground, frdrme tentral 3 middle rows by 5 m
long/plot = 11.25 rh

b. The total fresh weight of the whole plants (inchglcobs) will be measured with the
use of a balance.

c. From these plants, 3 plants will be sub-sampladt, measured for their fresh
weight, chopped in large pieces (also cobs) andnpiliie oven to obtain their dry
weight and consequently the moisture content. ThsroMC value will be used to
obtain the total dry matter/plot. Please transférmal dry matter values in t/ha

G) YIELD AND QUALITY ASSESSMENT

Only on the sampling area of each plot (exclude2tioeiter maize rows from each side and 1.5
m above and below to avoid any edge effects), paedth harvesting using a small combine
or a specific harvester:

1) proceed with measuring width and length of thmpgle area also counting number of

rows;

2) then harvest and measure weight aiéctca random grain sample of 500 g for the
moisture content (ISO 711:1997) (calculation ofigrgdeld shall be expressed in t per hectare of
grain with 14 % moisture content) and one of 2-3deghe mycotoxin analysis as follows:

- with a specific container you take in successivan@ats small grain samples that
come from the cochlea of the harvester (at leas$atfples of 200 gr or better 20
samples of 100 gr and put them together in a plasiy;

- close the bag in an air tight way so you avoichaimuch as possible inside the bag;

- place atag inside and one outside the bag;

- in maximum 6 hours place the samples in a free2&fC).



ANNEX 1

Soil insect pressure - Wireworm monitoring

LARVAE
This will be done in September - October and/ordia April before the swarming period, when
soil temperatures above 10°C .

1. Bait traps 6 to 12 bait traps will be placed in each platading to plot sizeprovided the soil

is bare (traps will only work properly if there is no/lowgsence of CO2-producing roots). Each
trap will be made and used according to the desonmiven by Chabert and Blot (1992) — a
modified version of traps described by Kirfmahal (1986). These comprise a plastic pot 10
cm in diameter provided with holes in the bottohe pots are filled with vermiculite, 30 ml of
wheat seeds and 30 ml of corn (maize) seeds. Ttsewlb be wetted before being placed into
the soll just below the surface and covered witliL&rtm diameter plastic lid placed a few cm
above the rim of the pot.

2. Traps will be checked by hand-sorting the casterfter 10 - 15 day. Count and record the
number of larvae found. The manually observed nateill be put on Tullgren funnels and
processed as described for soil cores. Placeradidan airtight vials with a little of humid soil,
and send to: Dr Lorenzo Furlan, via Q. Sella 12)230 San Dona di Piave VE, ITALY, for
identification.

Ref er ences

Chabert, A., Blot, Y. 1992: Estimation des populas larvaires de taupins par un pieége attractif.
Phytomad36, 26- 30

Kirfman, G.W., Keaster, A.J. & Story, R.N. 1986n Anproved wireworm (Coleoptera: Elateridae)
sampling technique for midwest cornfieldournal of the Kansas Entomological Soci&
37-41.

Monitoring of adults

Use the YATLORT traps with deep bottom if it is gong to be used also for the monitoring of
Diabrotica adults; baited with the sex pheromonesfahe various species, products can be
supplied by the Plant Protection Institute of Budgest, and place inside a dispenser Kartel
730. The YF trap has to place just above the groundvith the lower rim of the brown trap
body, 2-3 cm below the soil level (the deep bottocompletely inside the soil).

The timing for management of the traps is as follow:

1 On20th March the trap will be placed, for convenience use arcatdr for the place where
the trap is, in the centre of the monitoring aréd whe sex pheromone bait fAr brevisin a
low positionwith the top facing below (or A. sputatorin other region, see table 1)

2 On10th April the captured insects will be taken’cdhd the dispenser with the pheromone
for A. sordidug/rufipalpis (Hungary) will be added in anedium position and witlthe top
facing below

3 On10th May ca. the captured insects will be at the edgefiglé” and the pheromone bit
for A. sordidus (at ca. 30 days) will be substituted with a neve an amedium position
and withthe top facing below, but also the bait folA. litigiosus will be added in a high
position only in Italy.

4 On 10th Juneca. the captured insects will be taker? aififid the baftfor A. brevis will be
substituted with the one fok. litigiosus (only Italy) in alow position and withthe top
facing below; substitute the bait foA. litigiosus in a high position with the bait foh.



ustulatus in_a high position the pheromone for Diabrotica canalso be added; in this
case add an insecticide strip at the bottom of thieap .
5 On10th July ca. the captured insects will be takerf affid the baftfor A. ustulatus will
be substituted and placed at the same posfHobstitute also the pheromone for Diabrotica.
6 On 10th Augustthe captured insects will be taken®adihd the trap will be substituted for
following year.

Example procedure; see table 1 for lure combinatiom each site.

In France, Germany, Slovenia, Hungary and The Niethaés a trap B baited witA. obscurugin
low position) andA. lineatus(in medium position) will be added in early April; the trapsll be
inspected with lure substitution every month uddily (see Table 1).

&= capsule Kartel 730 fak. brevis A. sordidusaA. litigiosus, A. ustulatus; A. lineatus, A. obssir

b = insect collection from traps and counting

1- the trap is removed from the soll

2- Before opening, the trap is placed in a largsgarent bag, then the trap is opened and thesnsec
fall inside the bag.

3- the bag should be closed immediately.

4- the trap is placed back into the soil.

Warning: never open lure cap.

Table 1. Lures for YATLORf traps in the different on station sites.

LURE COMBINATIONS REGION

A. brevis, A. sordidus, (A. litigiosus), A. ustulatus Italy (North
eastern)

A. brevis, A. sordidus, , A. litigiosus Italy (other
regions)
A. brevis, A. sordidus, trap A France

A .lineatus, A. obscurus trap B

A. sputator, A.rufipalpis (same lure of sordidus), A. Hungary
ustulatus - trap A
A. lineatus, A. obscurus trap B

A. sputator, A. ustulatus - trap A Slovenia and The

Netherlands
A. lineatus, A. obscurus trap B

A. sputator, A. sordidus, A. ustulatus - trap A Germany

A. lineatus, A. obscurus Trap B




ANNEX 2

Soil insect pressure - Diabrotica

Since rotation is one of the characteristics of HAM strategies under evaluatioBjabrotica
virgifera virgifera (WCR) will not be a main target species. Justarecthe conventional rotation
under study is featured by a high presence of m&iZeR monitoring will be done. The monitoring
procedures will vary with sites:

1. WCR non established populationd:traps, sex pheromone lure; procedure like ANNEX
One trap per “on station” site, one trap per “amf” large-plot

2. WCR established population¥f traps, floral volatile lure; procedure like ANNEL. One

trap per “on station” site, one trap per “on fara‘’ge-plot Possible additiof ® Pherocon
AM traps.



ANNEX 3

BLACKCUTWORM

TRAPS TO USE (OPTIONS)

1) HARTSTACK (photo

2) VARL (Csalomon) add strip of insecticide at the baibm (photo Yl

3) Normal Trap test (photo)
LURES: sex pheromones Csalomon to be kept in the fridgtdr freezer - 18°C) before use

INSTALLATION AND MANAGEMENT OF TRAPS
HEIGHT OF TRAPS: approximately at 1 m

PERIOD OF MONITORING: 25 February — beginning ohéu
LURE REPLACEMENT: every 30 - 45 days;

INSPECTIONS: at least twice per week; at every mdmiean the dirt from traps if necessary; send
the data, including the zeros if no adults found;

THE ADULTS WILL BE REMOVED AT EVERY CONTROL, PLACEDIN A BAG WITH
LOCATION AND DATE INDICATION for the following contol.



ANNEX 4
ECB, Ostrinia nubilalis

TRAP TO USE
Light trap

4) (photo)

INSTALLATION AND MANAGEMENT OF TRAPS

- POSITION: at the edge of a field

- HEIGHT OF THE TRAPS: approximately at 1 m

- PERIOD OF MONITORING: early May — early September

- MANAGEMENT: the lamp has to be switched on at stiresed switched off at sunrise
automatically or manually; add a piece of cottoaksal in ether in the bottom;

- INSPECTIONS: at least twice per week; at evespeattion take out all the specimens and sort
out all theOstrinia nubilalisspecimens; register the data including the zénos moths are found.



ANNEX 5

HELICOVERPA

TRAP TO USE

et

1) VARL (Csalomon) add strip of insecticide at the baibm (photo !

LURES: sex pheromones Csalomon to be kept in the fridgtdr freezer - 18°C) before use

INSTALLATION AND MANAGEMENT OF TRAPS

HEIGHT OF TRAPS: at the level of the top of theygtation, it is advisable to set up
traps on the branches of bushes or trees neas field

PERIOD OF MONITORING: mid-May;
LURE REPLACEMENT: every 30 - 45 days;

INSPECTIONS: at least twice per week; send the, diatéuding the zeros if no moths found;
occasionally some specimensH#liothis maritimaor H. viriplaca can be captured, however, these
can easily be told apart frobh armigerabased on the broad band across their forewingaeSo
specimens of the noctuldiscestra dianthican also be caught, this is much smaller and dankrip

in colour. Other non-target catches can includeesomtrolepidoptera (Crambidae), these are much
smaller and cannot be confounded with the cottdlvbom.

THE MOTHS WILL BE REMOVED AT EVERY CONTROL, PLACEDN A BAG WITH
LOCATION AND DATE INDICATION for the following contol.



