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Guidelinefor Preparation of Bio-Efficacy Test Protocols
1 Introduction:

In many countries, the evaluation of the biological efficacy of a
pesticide is part of the registration or authorization procedure. Companies
submitting a pesticide for registration must supply dataonits efficacy on the
cropsor for the usesinvolved. The justification for requesting efficacy data
is that the registration authority should prevent inefficacious pesticides or
pesticides that are harmful to plants or plant products from being brought
onto the market. When pesticides have insufficient efficacy, thereis arisk
that the user may increase the dose or application frequency, thus augmenting
the exposure of humans and the environment to potentially hazardous
compounds. FAO recommendsthat efficacy eval uation should beanintegral
part of the registration or authorization process, to prevent inefficacious or
harmful pesticides from being brought onto the market.

Theevaluation of biological efficacy should be conducted in thelight
of the claims and recommendations that are stated (or implied) on the
pesticide’slabel. These include the pests and crops on which the pesticideis
to be used, the recommended equipment and methods of application, doses,
timing and number of applications, use situations, the nature, level and
duration of pest control, possibleincompatibilities with other pesticides, and
benefits and/or adverse effects of pesticide use.

2 Elements of efficacy evaluation

An assessment of the efficacy of a pesticide will normally
include data on its direct efficacy, the sustainability of its application
and (sometimes) the economic impact of registering the pesticide.

2-1  Direct efficacy (effectiveness)

The direct efficacy, or effectiveness, of a pesticide concerns both
the effect of the pesticide on the target pest as well as its possible
negative effects on the crop or stored product.

1
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The data provided should be sufficient to permit an evaluation to
be made of the level, duration and consistency of control or desired
effect and, where relevant, of the yield response or effects on quality
of the plant product. The various conditions of use, such as the
minimum effective dose(s), pest threshold levels (if available) and/
or treatment frequency and method of application need to be stated.

Crop tolerance to the pesticide should also be evaluated. This includes:
e phytotoxicity;

» possibleyield reduction or an effect on product quality

* any possible effects on plants or plant parts used for propagation

2-2  Agronomic sustainability

Positive effects of the pesticide on other pests than the target, if
they occur, should also be taken into account in the sustainability
assessment.

Examples of undesirable effects on the crop production system(s) are:
» thetoo rapid development of resistance to the pesticide;

« effects on succeeding or substitute crops;
« effects on adjacent crops,
» effects on non-target organisms (e.g. impact on pollinators and

pollination, effects on natural enemies of the target pests or of
secondary pests).

2-3  Economic benefits
The use of a pesticide should have a clear positive economic
benefit to the grower. The overall efficacy of the pesticideisthus not
only determined by its direct biological effectiveness and agronomic
sustainability, but also by its economic benefits.
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A cost-benefit assessment may clarify if the gains obtained by
using the pesticide, such as increased yields or farmer revenues,
outweigh the costs of the pesticide to the farmer, both direct and
indirect.

A comparison can be made between using the pesticide and not
using it at all. However, where pesticides have already been used, it
will be more appropriate to compare the pesticide with the current
standard, already registered, pesticides.

3. Data sources

Datathat are specific to agiven pesticide application in the country
tend to be generated through local trials. In many countries, this is a
maj or source of biological efficacy information submitted by the registrant
for the registration of a pesticide.

The advantage of thistype of dataisthat it isdirectly relevant to
the specific pesticide use situation that needs to be registered. The
disadvantageisthat biological efficacy trialsof pesticide may berelatively
expensive and it can take several years and a considerable number of
trials before a suitable data set has been compiled. Therefore, it makes
sense to use as much of the existing efficacy data as possible, provided
that a scientifically valid efficacy evaluation can be made.

Trials data from other countries can be used as part of the
biological dossier. The advantage of foreign trials data is that they may
be readily available, thus providing alarger data set for the registration
authority to baseits efficacy evaluation on. A disadvantage may be that a
more in-depth assessment of such datais needed to ensure that the results
are relevant to the national situation.
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4, Objectives of the guideline

The main objective of recommending a guideline for
preparation of efficacy test protocolsisto provide guidance on efficacy
evaluation of pesticides against pests, diseases and weeds species on
particular crops to ensure that the proposed claims and use
recommendations on the product |abel are supported by trial data and
reflect the actual performance of the product while providing a clear
benefit to the user. The guideline gives guidance on the type of
information to be recorded during efficacy trials and contents of the
trial report.

This guideline has been developed under the FAO Technical
Cooperation Program (TCP), a project implemented to assist countries
inASEAN in achieving pesticide regulatory harmonization in the region.

5. Observations/ Findings of consultant on Bio-efficacy Trialsin
ASEAN

An Expert review on Bio-efficacy Evaluation in Myanmar,
Thailand and Malaysia revealed that most of these countries are
required to implement Good Experimental Practices (GEP) asit is
essential that efficacy trails are of high quality so that one can have
confidence in the results and the reports can be used by different
registration authorities. It was observed that very limited (two trials/
one season) data is considered enough by these countries for
registration a product for use on the major field crops even for major
pests and diseases, which is in country to the recommendations of
FAO Guidelines, published in June, 2006, that prescribe 8-10 fully
supportive trials involving at least two growing seasons across wide
range of climatic conditions for proper evaluation of new pesticides.
Also that the EPPO guidelines recommends atotal of 10 trials (range
6 to 15) for major pests on major cropsin 3 trials (range 2 to 6) for
minor pest.
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He also observed that in some crops/pests efficacy datais not
generated and the product is registered by accepting foreign data or
by extrapolating the data of similar type of pest and the crop. Further,
in some countriesthefield trials are being conducted by the pesticides
registrants themselves who have vested interest of registering their
products at the earliest under low supervision of the Government
officials. Such practices of conducting efficacy trials thus, may lead
to acceptance of inconclusive/ invalid data for registration. As such,
to have high degree of confidencein the efficacy of aproduct, greater
usage of the FAO/ EPPO guidelines on efficacy evaluation of
pesticides, existing FAO protocols on efficacy evaluation and the
proposed format guidelines for preparation of new efficacy test
protocols should be adopted by the member countries.

6 Chemical Insecticides, Fungicides and Acaricides
(Pest, Plant Pathogen on/of crop)

6-1 EXPERIMENTAL CONDITIONS

6-1-1 Selection of Crop and Cultivar, Test Organisms

This test protocol is concerned with the efficacy evaluation of
(chemical insecticides, fungicides, acaricides) for the control of
(common name /scientific name of insect-pest/plant pathogen) in
(common name /scientific name of crop).

The selection of crop, cultivar and test insects/plant pathogen must
be relevant to the (proposed) label/leaflet claims. (Specify objective
of thetrial and basic information on the trial site like scientific name
of the pest and crop, type of trial, environment of trial like field,
glasshouse etc. Any other relevant information)
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6-1-2 Trial Conditions

Trials should be conducted only on crops with known history of
uniform high infestation/infection of the target insect-pest(s)/
disease(s). Cultural conditions (e.g. soil type and pH, fertilizers,
tillage, row and plant spacing etc.) should be uniform for all the
plots of the trial and should conform to local agricultural practices.
A series of trials (6-8 for major pests and on a major crops and 2-6
for minor uses) should be carried out in different locationswith distinct
environmental conditionsover aperiod of at |east 2 growing seasons.
The timing, amount and method of irrigation, if applied, should be
recorded.

(Therelevant conditions of the plot and crop should be adequately
described like sowing or planting date, row spacing, cultivation
measures, crop condition etc.)

6-1-3 Design and Layout of the Trial
6-1-3-1 Treatments

Test product(s), reference standard product(s) and untreated control
are to be arranged in a randomized block design or any other
statistically suitable design. (Describe design and layout of the plots
like type of experimental design, number, size and shape of plots.)

6-1-3-2 Plot Size and Replication

Net plot size: Use an optimum plot size (15-20 sg. m.); however
this will depend on the type of crop/ pest and disease /product under
study and location of trial.

For perennial trees. Net plot size: 2 trees/plot for big trees and 4
trees /plot for small trees.

Depending on type of the plants/cultivar used; mobility of the test
organism, technique of application, type of formulation or application
equipment; it may be necessary to take alarger plot size than net plot
size or guard or buffer rows /strips are needed to take in to account
pest dispersal and possible drift of pesticides.

6
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Replications: should be 3-4 per treatment (Provided the error or
residual degrees of freedom are at least 12.)

6-2 APPLICATION OF TREATMENTS
6-2-1 Test Products (s)

The product (s) under investigation should be the named
formulated product(s).

6-2-2 Reference Product(s)

Reference standard product preferably aregistered one known to
be satisfactory for the control of insect-pest(s)/disease(s) under
investigation. Ingeneral, formulation type and mode of action should
be close to those of the test product.

6-2-3 Mode of Application
All Applications should comply with good experimental practices.

6-2-3-1 Method of Application

The method of application (e.g. spray, broadcast, soil application
etc) will normally be specified on the (proposed) |abel/leaflet.

6-2-3-2 Type of Equipment Used

The application equipment used should be a type in current use,
properly calibrated to give intended application rate and droplet
spectrum in case of sprays. It should provide an even distribution of
product on the whole plot or accurate directional application where
appropriate. Factors which may affect efficacy (such as operating
pressure, nozzle type, spray volume, depth of incorporation in soil)
should be recorded, together with any deviation in dosage of more
than 10 %.

Precaution should betaken to avoid drift between plotswhererelevant
by holding a screen around the plot being treated.
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6-2-3-3 Time and Frequency of Application

The time and frequency of application will normally be specified
on the (proposed) label/leaflet. The number of applications and the
date of each application should be recorded. (Additional general
information on factors influencing time and frequency of application
like growth stage of the crop, threshold levels or development stage
of pest or infestation level).

6-2-3-4 Doses and Volumes Used

The product should be tested at the minimum effective dose
recommended on the product label/leaflet and may also usefully be
tested at other lower doses. The dosage applied will normally be
expressed in kg or lit of formulated product/ac. The spray volume
should be uniform for all the plots and should be used as per
recommendations on the label/leaflet. For sprays, data on
concentration (%) and volume (lit/ac) should also be given. The spray
volume (lit/ac) will be appropriate to the stage of the crop.

6-2-3-5 Data on Chemicals Used Against Other Pests

If other chemicals have to be used (chemicals for the control of
other than the target insect-pest(s)/diseases like plant growth
regulators, stimulants etc.) they should be applied uniformly to all
plots, separately from test product(s) and reference product(s).
Possible interference with these should be kept to a minimum. Precise
data on the applications should be given.

6-3 MODE OF ASSESSMENT, RECORDING AND
MEASUREMENTS

6-3-1 M eteorological and Edaphic data

6-3-1-1 M eteorological Data

Weather conditions should be measured at thetrial site on the day
of treatment. Ambient temperature, relative humidity, precipitation,
wind speed and direction should be recorded, where relevant just
before, during and just after product application.

8
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Temperature, relative humidity, precipitation and extreme weather
conditions may also need to be recorded on aregular basis throughout
thetrial period. The exact parameters and frequency of recording will
depend on the type of crop/ pest/product under study.

6-3-1-2 Edaphic Data

The following characteristics of the soil should be recorded:-

Soil type, soil conditions (pH, organic matter content, and soil
humidity), seed bed quality (tilth) and fertilizer regime where
pesticides have been applied in soil.

6-3-2 Type, Time and Frequency of Assessment
6-3-2-1 Type
Type of assessment depends on the type of the insect-pest(s)/
disease(s) under investigation but normally by number of insects on
selected plants in the trial / percent infection per unit area of plant

parts on selected plantsin the trial. A practical scale for assessment
isto be used for fungicide evaluation.

6-3-2-2 Timeand Frequency
For insecticides and acaricides eval uation preliminary assessment
isdoneimmediately before treatment, first assessment 1-3 days after
treatment, second assessment 7-14 days after treatment. If long term
effects are claimed, further assessments should be carried out at
weekly intervals.

For fungicides evaluation preliminary assessment is done
immediately before treatment;

First assessment is to be done, 1-3 days after treatment;

Second assessment isto be done, 7-14 days after treatment; and if
long term effects are claimed, further assessments should be done at

weekly intervals.
9
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For diseases which are of long term in nature, such asroot diseases,
the symptoms of infection such aswilting, crown collapse etc. can be
noted on the whole plant /tree.

6-3-3 Direct Effectson the Crop

The crop should be examined for presence or absence of phytotoxic
effects. The type and extent of these effects should be recorded like
(include major symptoms of pesticides phytotoxicity on crops as
defined in FAO Guidelines for phytotoxicity assessment in protocol
FAO/AP/027). In addition, any positive effects (phytotonic) of test
product on crop growth and yield should also be noted.

Phytotoxicity is recorded as follows;

(@ if the effect can be counted or measured, it may be
expressed in absolute figures;

(b) in other cases, the frequency and intensity of damage may
be estimated. This may be done in either of two ways; each plot is
scored for phytotoxicity by reference to a scale which should be
recorded; or each treated plot is compared with areference standard
and an untreated plot and percent phytotoxicity estimated.

The scale on 1 to 10 for percent damage could be:-
0-10% = 1
11- 20% = 2
21- 30% =
31- 40% =
41 - 50% =
51- 60% =
61-70% =
71-80% =
81-90% =
91-100% = 10

© 00 N oo o b~ W

10






Inall cases, symptoms of damage to the crop should be accurately
described. (stunting, chlorosis, deformation etc.) For further details,
refer to the FAO Guidelinesfor Phytotoxicity Assessment which also
contains sections on individual crops.

6-3-4 Effects on Non-Target Organisms
6-3-4-1 Effectson other Pests

Any effects, positive (effectiveness) or negative (development of
resistance and resurgence), on the incidence of other insect-pests
should also be noted.

6-3-4-2 Effects on other Non- target Organisms

Any observed environmental effects should also be recorded,
especially effects on wildlife and /or on beneficial non-target
organisms (pollinators or natural enemies of the pest) associated with
the crop ecosystem. Any observed effects on human safety should
also be recorded.

6-3-5 Quantitative and /or Qualitative Recording of Yield

Quantitative and/or qualitative yield should be recorded where
relevant in each treatment and should preferably be converted in to
kg/ha for statistical comparison.

6-4 Results (Reporting)

The results should be reported in a systematic form and the report
should include an analysis and evaluation. The report of the trial
should include abiological dossier containing the individual efficacy
trial reports or their summaries and record keeping and reporting of
individual trials (field note book, trial report including objective of
thetrial, organizational aspects, methodology, results, discussionsand
conclusions).Seein particular FAO Guidelines on Efficacy Evaluation
for the Registration of Plant Protection Products; June 2006.
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7-2

Herbicides Used In Agriculture
Weedsin Crop

The biological evaluation of aherbicide involves a programme of
trials for assessment of efficacy in weed control and of selectivity to
the crop (crop safety). Trials may be used for evaluating weed control
or crop safety according to weed occurrence, provided the conditions
specified in thetest protocol are satisfied. This protocol gives detailed
instructions for the conduct of single trials and general
recommendations for the whole evaluation programme which may
include agronomic sustainability trials (practical usetrials, succeeding
crop trials, varietals trials etc-Annexure).

EXPERIMENTAL CONDITIONS

7-2-1 Selection of Crop, Cultivar and Weeds

This test protocol is concerned with the efficacy evaluation of
herbicides for the control of weeds in (common name and scientific
name of the crop). (Specify weed spectrum to be controlled: if
possible, common names and scientific names). The selection of crop,
cultivar and weeds must be relevant to the (proposed) label/leaflet
claims. Consideration with regards to crop safety may also be given
to cover crops, where applicable which may be sown together with
the primary crop. If crop safety on several cultivars needsto be tested,
special varietals trials should be carried out.

(Specify objective of the trial and basic information on the trial
site like scientific names of the weeds and crop, type of trial,
environment of trial like field, glasshouse etc. Any other relevant
information)
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7-2-2 Weed Situation
7-2-2-1 Evaluation of Efficacy in Weed Control

The plots should be known to carry a varied but uniform weed
population typical for the crop. The weed population should
correspond to the specific action spectrum of the herbicide to be tested
(e.g. monocots and /or dicots, annuals and /or perennials).

7-2-2-2 Evaluation of Crop Safety

The plots should preferably be as free from weeds as possible.
Remaining weeds may be removed by hand or mechanically. Other
herbicides should not be used.

7-2-3 Trial Conditions

Cultural conditions (e.g. soil type and pH, fertilizers, tillage, row
and plant spacing etc.) should be uniform for all the plots of the trial
and should conform to local agricultural practices. A series of trials
(6-8 for major weeds and on major crops and 2-6 for minor uses)
should be carried out in different locations with distinct environmental
conditions over a period of at least 2 growing seasons. The timing,
amount and method of irrigation, if applied, should be recorded.

Record the preceding crop and any herbicide used on or after it.
Avoid sites treated with herbicides known to have toxic effects on
the succeeding crop.

(Therelevant conditions of the plot and crop should be adequately

described like sowing or planting date, row spacing, cultivation
measures, crop condition etc.)

13



2-J-J coléimegmao
9-J-J° c0lé:8 8481008 cqp05 6|03 3205 Qé

C C C o4 f]C o o C N o cmc [og C Q o
09:0)0080’)9']’3'0')0 cO C’S’BGJ[’GBO’):G].QIODE m@’):?lJ 9@@060)’)(\)8” Q)2§
9’30808 8’38(7)60'10‘8'39\". SQOO'GOI](DGQ’D(D@[OD@ U)é l%q@e“ OQ'(DOQé
[og C o c _C C C [e]
GO’]C:ODU)G@:Gﬁ 60'38§ (I)’D'G(D’)GO’]C ODO’)&CQ[S’)')§Q)C c GO']C:OC S’QQJI:
cC O C o C o C C
U)O’J‘ODE O?OOE?[G[S]O@BDODEII (809’3 GOgOOCD'O ?9/ 0%90%0) com
o C C C-
CEOCI O’)O?O ocC 9.P'§9/ 0.2.90?0) §O§]@9009J’).)
° (4 c c o c c
AN t§mgepaSmiqéigle odi0dRFén

& c‘0’) H B oc G ’]g'mc‘ 8 cI = ’]8' & '(T.)co r]O’)
003200 3 GJ’J.OD &L 339] ) cio q@gl o OCGJ’). J§q0
c 00 0 ° cMc c
OO’)O’Jq.Q)’D(T) 8’3&?:[9[ C.@?C\DESGO’J’)C'I (\)(T)@CQ)E G(T)')C.(DOJGP OOqIQeII

[og [*]
sa@o.sooo eo’]c.oamcao.ep.cf soog.e@lslo']u

2-J-9 08108 ¢|ma6[gmRc 40!

o ¢ O. o O. o C C /o C o
3oddjpe| sac[gomaesep: (poes- clgmadjpmoniséayp/Eendd efglogangp
[ C C o C C. o C O C C. C C C
Q@§ddel offorsEmsifor) 0pbRBPS 08:05g(gIrSen S5
oo C Q@ 0 C o _C O. o c 0O Cc o O C
9228008220300 RP3G|§qEpdIl 630D Ui6| FEVLTOEPESEB D POE|§epd!
c. C C o o 9.0 o [of C o f]c. C o C @
08:2060059: (228 Bt epraémjegpadieonn 8medlEioepisacyad b-
091 000§ ge|piercd J-69)ad a3[goieanociosiané mee(geecsep:
L ? 2GR RP J-OR)R RBg>* N P
o Q C C ° @ «O0 CO @ C C C
§eo00 eoppdennesoogpPis s'a§e:s?° o3 §oe qjl:spoosogé Qoo qepdu

[

(] C f] C. C C. o O C C. o
Smdolmeqayé: /cqaddejoermi 928§8E5p5:0§60303 ©050E2qac00:
C
qopdl
s'acqécqeoooogzé‘?é qé:cﬁle@cﬁogéo% o\ucooo 5 %co'rogé c0lCi005
° o C C C C O o Q o C ocC o C
630:92033(g|9| 9TO&H{geqERdI 6§20 Jpepdodis 92005 $2aBEs§E
QoS Bgaonteonn euléiacdeso: maodifgoontoopdesepeiad sepéoyd
C
qopdl
(o] C o ¢ O ¢Cco C C N\ [ o c¢co C
(Gee3oopd Rewpdd Bddjoop3qaddl o§iogon doddjEopdsecgosacos
Q o N\ O Q@ o C C o C e o [
Bi§mcfgmegoyodean BissEmmadanegercsgpioy [gpddgrqiicots
co5qepdi)

13



7-2-4 Design and Lay —out of the Trial
7-2-4-1 Treatments

Test product(s), reference standard product(s) at individual doses
and /or application times and untreated control are to be arranged in
arandomized block design or any other statistically suitable design.
(Describe design and lay out of the plots like type of experimental
design, number, size and shape of plots. Any additional remarks)

7-2-4-2 Plot Size and Replication

Net plot size: Use an optimum plot size (15-20 sg. m); however
this will depend on the type of crop/ weeds/product under study and
location of trial.

Depending on type of the plants/cultivar used; technique of
application, type of formulation or application equipment; it may be
necessary to take alarger plot size than net plot size or guard or buffer
rows /strips are needed to take in to account of possible drift of
herbicides.

Replications: should be 3-4 per treatment (Provided the residual or
error degrees of freedom are at least 12).

7-3 APPLICATION OF TREATMENTS
7-3-1 Test Products ()

The product(s) under investigation should be the named formul ated
product(s).

7-3-2 Reference Product(s)

Reference standard product preferably a registered one known to
be satisfactory for the control of weed types under investigation. In
general, formulation type and mode of action should be closeto those
of the test product.
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7-3-3 Mode of Application

All applications should comply with good experimental
practices.

7-3-3-1 Method of Application

The method of application (e.g. spray, broadcast, soil incorpora-
tion etc) will normally be specified on the (proposed) Iabel/leaflet.

7-3-3-2  Type of Equipment Used

The application equipment used should be a type in current use,
properly calibrated to give intended application rate and dropl et spectrum
in case of sprays. It should provide an even distribution of product onthe
whole plot or accurate directional application where appropriate. Factors
which may affect efficacy and /or duration of weed control and/ or crop
safety (such as operating pressure, nozzle type, spray volume, depth of
incorporation in soil) should be recorded, together with any deviationin
dosage of more than 10 %.

Precaution should betaken to avoid drift between plotswhererelevant
by holding a screen around the plot being treated.

7-3-33  Timeand Frequency of Application

Thetime and frequency of application should normally correspond
to that specified on the (proposed) label/leaflet. Application times
should be related to emergence of the crop and of the weeds (for
weed control testing) and will be:

(a) before sowing or transplanting of the crop(with or without
incorporation): and /or

(b) before emergence of the crop ( with or without incorporation );
and /or after emergence of the crop or in an established crop (overall or
directed).

The state (emergence, growth stage) of both weeds and crop at
application should be recorded. The date of application should be
recorded.
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7-3-3-4 Doses and VVolumes Used

The product should be tested at the minimum effective dose
recommended on the product label/leaflet and may also usefully be
tested at other lower doses. The dosage applied will normally be
expressed in kg or lit of formulated product/ac. The spray volume
should be uniform for all the plots and should be used as per
recommendations on the label/leaflet. For sprays, data on
concentration (%) and volume (lit/ac) should also be given. The spray
volume (lit/ac) will be appropriate to the stage of the crop.

In selectivity testing, at |east one higher dose (normally the double
dose) should be included.

7-3-3-5 Data on Chemicals Used Against on Non-tar get weeds

If other chemicals have to be used (chemicals for the control of
other than the target weeds like plant growth regulators, stimulants
etc.) they should be applied uniformly to all plots, separately from
test product(s) and reference product(s). Possible interference with
these should be kept to a minimum. Precise data on the applications
should be given.

7-4 MODE OF ASSESSMENT, RECORDING AND
MEASUREMENTS

7-4-1 M eteorological and Edaphic data

7-4-1-1 M eteorological Data

Weather conditions should be measured at thetrial site on the day
of treatment. Ambient temperature, relative humidity, precipitation,
wind speed and direction should be recorded, where relevant just
before, during and just after product application.

Temperature, relative humidity, precipitation and extreme weather
conditions may also need to be recorded on aregular basis throughout
thetrial period. The exact parameters and frequency of recording will
depend on the type of crop/ pest/product under study.
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7-4-1-2

Edaphic Data

The following characteristics of the soil should be recorded: soil
type, soil conditions (pH, organic matter content, and soil humidity),
seed bed quality (tilth) and fertilizer regime where pesticides have
been applied in soil.

7-4-2
7-4-2-1

7-4-2-1-1

Type, Time and Frequency of Assessment

Type
Observations on Weeds

The weed population of aplot can be recorded in terms of numbers,
cover or mass (normally dry weight). These may be assessed in
absolute terms and /or estimated.

@

(b)

Absolute assessment

Individual plants may be counted for each weed species or the
mass of each species may be determined by weighing (normally
dry weight). These assessments can be made on whole plots or
on randomly selected marked quadrates (up to 1m sq.) in each
plot. In certain cases, it may be preferable to count or measure
particular plant organs (e.g. flowering or fruiting tillers in
monocot weeds).

Estimation

Each treated plot is compared with adjacent untreated plot or
control strip, and therelative weed population is estimated. The
assessment involves a general estimation of the total weed
population or of individual weed species, combining in one
figure an estimate of number, cover, height and vigour (i.e.
virtually weed volume). It isin principle rapid and simple. The
results may be expressed simply as apercentage (i.e. on alinear
scale from 0 = no weeds to 100= same weed infestation as
untreated). An equivalent inverted scale may be used to express
percent weed control (0= no weed control, 100= full weed
control) such as the following:
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% Weed control
0 -
10-30 -
40 - 60 -
70-90
100 -

No weed control

Poor weed control

M oderate weed control

Satisfactory to very good weed control
Complete weed destruction

Information should also be provided on absolute level of weed
infestation in the untreated plots or strips (absolute assessment of

weed cover).

If it isdifficult to estimate percentage accurately, a scale such as
the following may be used:

= no weeds

= 25-5%
= 5-10%
10-15%
= 15-25%
= 25-35%

© 00 N o 0o b~ 0N B
I

= 35-67.5%
= 67.5- 100 %

= 0 - 2.5 % of untreated plot

In order to describe exactly the mode of action of the product,
symptoms of damage to the weeds should be accurately described
(stunting, chlorosis, deformation etc.).

Effects on weeds can usefully be noted over 2 seasons. This is
essential for deep rooted or difficult weeds (such as Cyper us rotundus)
as they may not be killed and might reappear the following year.
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7-4-2-1-2

Observations on the Crop

Phytotoxicity is evaluated primarily on crop safety plots which
are also harvested. However, the type and extent of damage to the
crop should be recorded on efficacy plots and may provide useful
additional information.

Phytotoxicity is recorded as follows;

(@) if the effect can be counted or measured, it may be expressed in
absolute figures,

(b) in other cases, the frequency and intensity of damage may be
estimated. This may be done in either of two ways; each plot is
scored for phytotoxicity by reference to a scale which should
be recorded; or each treated plot is compared with a reference
standard and an untreated plot and percent phytotoxicity
estimated.

The % of crop damage (phytotoxicity) may be observed as0=no crop
injury, 100=compl ete destruction as per following rating scale:

Rating (% of crop damage)

0
10- 30
40 - 60

70-90
100

Description of main categories
No crop injury

Slight crop injury

Moderate crop injury

Heavy crop injury
Complete crop destruction.

Inall cases, symptoms of damage to the crop should be accurately
described (stunting, chlorosis, deformation etc.). For further details,
refer to the FAO Guidelinesfor Phytotoxicity Assessment which also

contains sections on individual crops.
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If the trial site can remain marked out until the following year,
effects on succeeding crop can usefully be noted. If clear indications
of such effects are obtained, it may be useful to set up agronomic
sustainability trials (Annexure).

7-4-2-1-3 Observation on Side —effects

Any observed environmental effects should also be recorded,
especially effects on wildlife and /or on beneficial non-target
organisms (pollinators or natural enemies of the pest) associated with
the crop ecosystem. Any observed effects on human safety should
also be recorded.

7-4-2-2 Time and Frequency
Thetimes given apply to weed control and crop safety assessment,
unless other wise indicated. Frequency of assessment should cover
possibility of re-growth.

(a) Pre-emergence applications:

1% assessment- when approximately 90% of the crop has emerged in
the untreated plot.

2" assessment - 20-30 days after treatment.
3¢ assessment - 60 days after treatment.
4th assessment - before harvest.

(b) Post —emergence applications:

1% assessment (preliminary) - on the day of treatment, the weed
and crop cover in each plot should be recorded.

2" assessment (weed control only) — 3-5 days after treatment.
3 assessment- 10 -20 days after treatment.

4" assessment —30-50 days after treatment.

5 assessment- before harvest.
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7-4-3 Quantitative and /or Qualitative Recording of Yield

For crop safety testing, trials should be harvested, but this is
optional for weed control testing.

7-5  Results (Reporting)

The results should be reported in a systematic form and the report
should include an analysis and evaluation. The report of the trial
should include abiological dossier containing the individual efficacy
trial reports or their summaries and record keeping and reporting of
individual trials (field note book, trial report including objective of
thetrial, organizational aspects, methodology, results, discussions and
conclusions).Seein particular FAO Guidelines on Efficacy Evaluation
for the Registration of Plant Protection Products; June 2006.

8 Development of Bio-efficacy Test Protocols

Review of existing 40 efficacy test protocols, which were
developed and published by FAO in 1990 to 1992, had been
undertaken by the consultant to harmonize the same largely in line
with the guidelines published by the FAO in 2006 on efficacy
evaluations for pesticide.

Further atotal of 29 bio-efficacy test protocols have been finalized,
24 protocols based on the proposals received from participating
countries during/after the workshop on bio-efficacy test protocols held
in Myanmar and 5 protocols by the expert consultant under the FAO
Technical Cooperation Program (TCP) project, which are devel oped
in line with FAO/EPPO guidelines.

All the above guideline, format for efficacy evaluation of pesticides
and bio-efficacy test protocols were adopted at the third Project
Management Committee Meeting held during 31 October — 04
November, 2011 in KualaLumpur, Malaysia. The 69 number of bio-
efficacy test protocols are mentioned as in English version in Annex -
1.
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Guidelinesfor Phytotoxicity Assessment (FAO/AP/027)

These guidelines are intended for use in association with the
Efficacy Test Protocols for pesticides, providing detailed advice on
the assessment of the phytotoxicity of pesticides (including herbicides)

1 Definition
Phytotoxicity is the capacity of a compound (such as a pesticide)
to cause temporary or long-lasting damage to plants.

2 Phytotoxicity Assessment

Phytotoxicity assessment is an essential element in the biological
evaluation of a pesticide. The basic principles for assessing phyto-
toxicity are the same whether the compound tested is a herbicide,
fungicide or insecticide. The difference lies not in the method of as-
sessment, but in the experimental design.

The efficacy test protocolsfor fungicides and insecticidesinclude
a phytotoxicity assessment, which isin this case envisaged as part of
atrial primarily designed to assessthe efficacy of atest product against
atarget pest. In practice, the phytotoxicity assessment will generally
be relatively simple, since phytotoxic effects will most frequently be
absent or rare. However, if such effects are seen, they should be
accurately assessed and recorded. The equivalent guidelines for
herbicides, because of the greater risk to the crop from compounds
which are designed to be phytotoxic, allow for “ selectivity trials’,
primarily designed to assess possible phytotoxicity to the crop in the
absence of weeds (at more than one herbicide dose). Effects on yield
as well as symptoms, are generally assessment in this case.
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In principle, pesticidesmay also have positive’ effectson acrop.
The methods used for scoring phytotoxicity will also be applicablein
this case (with appropriate recording). Phytotoxicity may also arise
from interactions between different pesticides used on the same crop,
or on a succeeding crop, or from residual effects of pesticides used
on apreceding crop. These factors should be taken into account when
appropriate. Protocolsfor herbicidetrials contain guidance for testing
such effects.

Finally, it should be stressed that the choice of cultivar isimportant
with respect to phytotoxicity assessment. It may be useful to set up
special trials to compare phytotoxicity to several cultivars.

3 Symptoms of Phytotoxicity

Phytotoxicity effects may be observed on the crop at emergence
or during its growth or may be expressed at harvest. They may be
temporary or lasting. The symptoms may affects the whole plant or
any part of the plant- roots, shoots, leaves, flowers, fruits and must
be accurately described (if possible, it is useful to provide photo -
graphs). They can be classed under the following headings:-

31 Modificationsin the development cycle

Under this heading can be considered any inhibition or delay in
emergence or growth, and all phenological modifications, particularly
delaysin flowering, fruiting and ripening etc., or non-appearance of
certain organs (leaves, flowers, fruits, etc.).

3-2 Thinning
Loss of whole plants, by failure to emerge or to grow after
transplanting or by disappearance of plants after emergence.
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3-3 M odificationsin colour

The whole plant or parts of it may be discoloured: chlorosis,
whitening, change in intensity (lighter, darker), browning, reddening
of plant tissues not destroyed. The discoloration may be localized
(spots, internal or external)

3-4 Necrosis

Necrosisisthe localized death of tissues or organs, generally ap-
pearing first as adiscoloration. Necrotic spots on leaves may eventu-
ally disappear, leaving perforations.

3-5 Defor mations

This term covers any morphological modification of the plant on
part of it making it deviate from the norm. Thisinclude curling, rolling,
stunting or elongation, change in size or volume . Effects such as
wilting may also be considered under this heading.

3-6 Effects on quantity and quality of theyield

Phytotoxic effects may be apparent on examination of the
harvested produce, or by a quantitative or qualitative analysis of the
yield:

- quantitative effects on yield and its components(e.g. thousand

—grain weight); effects on the technical quality of the harvested
material;

- effects on taste(taint, etc.):

- effects on the grading of the produce.
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4 Criteria for Assessing Phytotoxicity
4-1 General Classification

Certain criteria of phytotoxicity are absolute. e.g frequencies
(numbers of plants at a certain stage, or showing a visual symptom)
or measurements (height, length, diameter, weight of sample plants
or organs).

Other criteria of phytotoxicity result from visual estimates of the
intensity for example of deformation or discoloration. In this case,
the effect is often scored by reference to a scale.

Finally, the above effects may in practice also be assessed by vi-
sual comparison of atreated plot with a control or reference plot to
give a% figure (e.g. for crop volume, cover, height).

4-2 Methods Used to Assess I ndividual Symptom
4-2-1 Modificationsin the development cycle

Delay of emergence: In days or in relative percentage of crop
growth in the untreated or reference plot.

Delay or acceleration in reaching growth stages; In daysto reach
acertain growth stage (50% of plants), or % plants reaching agrowth
stage on a given day.

Inhibition or stimulation; in number of individual organs; in height,
shoot length, diameter etc. (absolute or relative).

4-2-2 Thinning
Thinning: In number of plants per plot or per unit area or per unit
length of row, after emergence is complete.
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4-2-3 M odificationsin colour

Number of plants (or parts of Plants) affected per plot (or per unit
area etc.)or use of scale(e.g. slight, medium,strong: 1-9), or In% sur-
face area affected.

4-2-4 Necrosis

Number of plants (or parts of Plants) affected per plot (or per unit
areaetc.)or use of scale(e.g. slight, medium,strong: 1-9), or 1n% sur-
face area affected.

4-2-5 Defor mations

Number of plants (or parts of Plants) affected per plot (or per unit
area etc.)or use of scale(e.g. slight, medium,strong: 1-9), or In% sur-
face area affected.

4-2-6 Yield
Thecriteriafor assessing quantity and quality of yield are generally
crop-specific.

5 Phytosanitary Assessment on Individual Crops

5-1 Rice and other small- grain cereals such as sorghum,
millet, wheat.

5-1-1 Modificationsin the development cycle
Delay in emergence:-
Delay in reaching various growth stages
Delay in emergence of inflorescences
Delay in ripening of grain
Inhibition:- reduction in number of tillers
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5-1-2  Thinning
Thinning:- Number of seedlings

Number of inflorescences (ears on
panicles)1

5-1-3 Maodificationsin colour

Discoloration of leaves:- paler or darker green
white |eaves.

5-1-4 Necrosis
Necrosis of |leaves

5-1-5 Deformations

All kinds of deformation of the leaves, the stems or the in-
florescence may be noted:
- curling of other deformation of the leaves.

- alteration in habit,
- length or deformations of the stem,

- deformations of the inflorescences (e.g. double of
forked ears additional spikelets)

- failure of normal booting and inflorescence
emergence.

5-1-6  Yield
The following may be recorded:

- total grain yield in kg/ha adjusted to a fixed
moisture content (national standard), and, if
required,

- grain weight per hill
- thousand grain weight
- seed grading
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5-2

5-2-1

5-2-2

5-2-3

5-2-4

5-2-5

M aize

Modificationsin the development cycle

Delay in emergence

Delay in reaching various growth stages

Delay in tasselling

Delay in silking

Delay in ripening of grain

Inhibition: i.e. reduction in number of plants tasselling.

Thinning

Thinning:- Number of plants

Modificationsin colour

Discoloration:- % attacked plants per category : none
slight
medium
strong

Necrosis

Necrosis:- % attacked plants per category : none
slight
medium
strong

Defor mations

Deformation Root pruning (brace roots)
stunting
abnormal plants
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5-2-6

5-3
5-3-1

5-3-2

5-3-3

5-3-4

5-3-5

Percent attacked plants per category: none
slight
medium

strong

Yield
The following may be recorded:
- total fresh weight of cobs without husks

- total grain yield in kg/ha adjusted to afixed
moisture level (national standard)

- fresh and dry weight of forage

Green forage Crop ( grasses and \ or legumes)
Modificationsin the development cycle

Delay in emergence

Delay in growth (to a stated growth stages)

Thinning
Thinning:- Estimated cover.

M odificationsin colour

These assessments will generally concern the crop cover as
awhole.

Necrosis

These assessments will generally concern the crop cover as
awhole.

Deformations
Not applicable.
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5-3-6

5-4-1

5-4-2

5-4-3

5-4-4

Yield

The following may be recorded:

fresh weight of yield in kg/ha, taken from the centre
of the plots.

dry matter content

in samples from each plot, the content of weed and
Crop species.

protein content.

Potato, sweet potato and other tuber crops

M odificationsin the development cycle

Delay in emergence

Delay in reaching various growth stages

Delay in flowering

Delay in ripening of tubers

Delay in haulm drying (or acceleration)

Thinning

Thinning:- Number of plants

M odificationsin colour

Discoloration of leaf:- chlorosis

yellow veins
yellow spots

general dark or light green
colour albinism

Necrosis

Necrosis of leaf or whole plant.
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5-4-5

5-4-6

5-5
5-5-1

Deformations
Deformation of leaf:- curling
malformation
swollen veins
dwarfed growth of leaves
aerial tubers

Yield
The following may be recorded:

- potato yield in t/ha— at least two rows should be
harvested from the centre of the plot;

- weight of each size class after grading (according
to national standards);

- malformed tubers should be noted:;

- starch content (for potatoes for industrial use), e.g
by determining under water weight;

- any tainting or off-flavours.

Beans, peas, soybeans, other pulses and peanut
M odificationsin the development cycle

Delay in emergence

Reduced germination vigour

Delay in reaching various growth stages

Delay in flowering

Delay in ripening (or irregular)

Acceleration of petal fall

Acceleration of ripening
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5-5-2

5-5-3

5-5-4

Inhibition: i.e. reduction in mean stem height

Thinning
Thinning:-

reduction in number of buds formed
reduction in number of inflorescences
reduction in number of fruit set
increase in number of twisted stems
increase in number of burst pods
increase in number of stem lodging

Number of plants

M odificationsin colour

Discoloration of cotyledons

and leaves:-

chlorosis or lighter colour of the whole |eaf
chlorosis or lighter colour of spots
chlorosis or lighter colour of the veins

chlorosis or lighter colour of the interveinal
areas

Discoloration (chlorosis) pods.

Necrosis

Necrosis of cotyledons and leaves: marginal

Necrosis of:

apical
punctual
intercostals

root collar

petals

pods
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5-5-5

5-5-6

5-6
5-6-1

5-6-2

5-6-3

Deformations

Deformation of cotyledons and leaves: curling
twisting
failure to unroll
others

Yield

The following may be recorded:
- seed yield in Kg/ha

- oil content %

- green seeds, weight %
- dry matter content.

L eafy vegetables and root vegetables
Modificationsin the development cycle
Delay in emergence

Delay in growth (to a stated growth stages)
Delay in maturity

Thinning
Thinning:- Number of plants

M odificationsin colour

Seedlings or established plants- Discoloration
Darker green
Yellow veins
Chlorosis
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5-6-4 Necrosis
Necrosis of seedling: hypocotyls
tips of the leaves
edges of the leaves
total burning of the leaves
Necrosis of established plants: roots
tips of the leaves
edges of the leaves
dying of the heart

total burning of the
leaves

5-6-5 Deformations
Deformation of seedlings
Hypocotyl: twisting
Others
Cotyledons.  crinkling
twisting
small leaves
spoonlike leaves
sticking together

others
Deformation of established plants
Roots: constricted roots

multiple roots
smaller roots
others
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leaves: crinkling
twisting
sticking together
trumpet-shaped leaves
others

5-6-6  Yield
- yield (kg/ha)ready for market, taken from the net plots
- observations on quality, according to national standards

- grading, according to national standards.

5-7 Tree crops. pome fruits, coffee, cocoa, citrus, others
and whererelevant, forest trees.

5-7-1 Modificationsin the development cycle
Delay in reaching various growth stages
Delay in bud-burst
Delay in flowering
Delay in change of colour of fruit
Delay in fruit ripening
Acceleration of flower fall
Acceleration of fruit fall
Inhibition: reduction in number of flower buds
reduction in number of leaf buds

increase in number of fruits falling
prematurely

increase in number of rips fruits falling.
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5-7-2

5-7-3

5-7-4

5-7-5

Thinning
Thinning:- Not applicable.

M odificationsin colour

Discoloration of the whole leaf lamina:- chlorosis
albinism
other abnormal

coloration

Local leaf discoloration or abnormal
coloration of:- veins

interveinal tissues

edges of leaves

tip of leaves
Discoloration of currents year’s shoots:- discoloration or

abnormal coloration
- number and appearance of lenticels.

Necrosis
Necrosis of current year’s shoots of |eaves.
- edges
- along the veins
- thewholeleaf lamina

Defor mations

All kinds of deformation of the leaves or annual shoots may
be noted:

- stunting, dwarfing, curling, etc.

- deformation of the leaf lamina(wilt, swelling, curling, etc.)
- modification of venation: position and form of the veins
- sticking together of organs: petioles, paduncies, leaf-lamina

36



J-2-J

J-2®

-2°9

9279

moéokfgén [oj[gés
saoéo']:@é:l @65:- mo.'z:@m%eo%soﬁo’]u
meqée[goéiadg8eooop

[od [og ° [og [og N [og [og =] (o
gm@o:mo?c\?:mespcc@oc:m@c:— espce@ogm@ou
s'a@uespcc: §e§@§:|
° [od C
m@o:?9§eo?oosooo

C C NrC
U)GGPCGB’)C:C\) Cil

ssraac éc§spoom§sraespce@o§ \@C: (0?3) go%e@oep:
° [od [og [og (o C.
d0§e0 oosoaos'aespcs@oc m@c ame@oogc.
oao%agm:ep:
C [
22905805968
[od
9$i:
cC OC
gD

[og [og [og [og [og [og [og N [og
sfae@oms'aoaoep:s'aespce@oc: :- sasspcs@oc:c\) &

&
C
C

-enn
8
(]

3
on
(1]
S
3

W)
on

Gmﬂ]lGO']CYSQl')SGOTC\J')@SSI

06 g oatew[§é:

sgadgepiondogpoonte[gs-  sagodep:
m§9:8$:9'j'3=
gode[ogreprondeagpad
gcﬁ@o:m@gq’e:

domo§s[gaéiadg|ept

sragmep &CS’DG@’J(DS?Q)OQJ’J Qﬁ OODC‘]'!}')§GB’.)8 (ﬂeJ’):Uoi

©05006:000:§qepdI
- [PRragareiqS0§ges o[gés 03§38[gt00005

- god[gareprdan§elgndiad(ge: (pSpes 9ewads[gés op§36(gE:)
- godefoplgodelgodiadgés godelopepidnmn§ss saegmacons

o C OC. C. C. [og [og Co. ° [o o
- 22005920 :909/Cs9)Cs08 ooo[§0| (amsL].ool gm[gp. )

36



5-7-6

5-8-1

5-8-2

5-8-3

Other deformations like callus formation, bark splitting and
/ or resin/ latex exudation should be noted.

Yield

- gquantitative recording: the fruit harvested in the various
plots may be weighed

- fruit appearance:-  form
colouration
rusetting

Passion-fruit and other vines
Modificationsin the development cycle
Delay in reaching various growth stages
Delay in bud-burst

Delay in flowering

Delay in ripening

Inhibition, i.e. reduction in number of flowers
reduction in number of fruit set

Thinning
Thinning:- Not applicable.

M odificationsin colour
Discoloration of leaves
edge of leaf lamina
veins
internal part of lamina
localized in spots
of young shoots and bunches
of woody shoots (showing internal
discoloration)
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5-8-4

5-8-5

5-8-6

Necrosis
Necrosis of leaves:-

Deformations

edge of leaf lamina

veins

internal part of lamina
localized in spots

of young shoots and bunches

of woody shoots (showing internal
discoloration)

Deformation of the whole plant:- dwarfing

curling
shortening
wilt

Deformation of leaf:- dwarfing

Yield

curling

swelling
umbrella-shaping
deformation by stretching
of the veins

Quantitative recording:- the fruit harvested in the
various, plots may be weighed but extrapolation of the data
isvalid only if the crop is homogeneous.

Qualitative recording:-

experiments may be carried

out to detect possible effects of the product on flavour and
conservation of the juice.
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5-9

5-9-1

5-9-2

5-9-3

5-9-4

Tobacco

Modificationsin the development cycle
Delay in growth
Delay in maturity

Thinning
Thinning:- Number of plants

M odificationsin colour

Discoloration of transplants or of newly established plants.
Darker green of transplants or of newly established plants.
Yellow veins of transplants or of newly established plants.
Chlorosis of transplants or of newly established plants.
Others

Necrosis
Necrosis of transplants:
tips of the leaves
edges of the leaves
total burning of the leaves
Necrosis of established plants:
roots
tips of the leaves
edges of the leaves
dying of growing point or heart
total burning of the leaves
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5-9-5 Deformations

Deformation of transplants:-
leaves:- crinkling, twisting, smaller, sticking together,
others

Deformation of established plants:-
roots:- constricted, multiple, smaller, others.
stem:- stunted, elongated, shorter internodesor elongated,
twisted, others.
leaves:- crinkling, twisting, sticking together, dwarfed,
swollen shoots.

5-9-6  Yield
- delay in pickings
- yield (kg/ha, graded to national standards of various pickings,
taken from net plots.)

- other observations on quality of harvested produce, such as
off-colour , tainting or burning quality.

6 Special Phytotoxicity Trails for Seed Treatment

Although normal field trials for efficacy evaluation of pesticides
will provide information on the phytotoxicity of pesticides applied
as seed treatments specially established trials (under glass or in the
field) can provides more accurate information on the most particular
risk of phytotoxicity due to such pesticides namely reduced
emergence.

The recommendations below are designed for cereals, but can
easily be adapted for other crops if necessary.

6-1 Prepar ation of seed

The seed should be certified and of known germination rate.
Batches of seed will be allotted to treatments as follows:
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- test pesticide, at several doses (at |east the normal and one
higher dose);

- areference pesticide known to have no effect on emergence
of the species concerned:

- untreated control

If several active ingredients are combined in the seed treatments
(Fungicide, Insecticide, bird repellent), the compounds not under test
should be included with the reference product.

6-2 Seed Treatment

Non-pelleted seed istreated in a conventional apparatus of which
theinterior surface was coated with the test or reference product before
use. Pelleted seed is provided by the supplier, who must also provide
untreated pelleted seed for the control.

6-3 Pot trialsunder glass

Such trials are particularly suitable for testing a series of pesticide
doses. The seed should be planted in a sterilized non-absorbent
substrata (e.g quartz sand)

Lay-out: for each treatment, at least 4 trays, preferably 6. (e.g 30
x 30 x 8 cm) each planted with 100 seeds.

The trays are held under glass until assessment. Temperature
should be recorded.

1% assessment: when emergence is about 50% in the control, note
any advance or delay in germination in the other treatments.2"
assessment: at full emergence in the control, count emerged seedlings
in all treatments. It may also be useful to measure the height of the
seedlings.
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6-4 Special field trials

According to theresults of glasshousetrials, it may be useful assess
seedling phytotoxicity in special field trials.

Theland used must be kept practically free from weeds, and recive
no herbicide treatement. Precautions must be taken to avoid any risk
of losses from slugs, white grubs (chafer larvae), wireworms, birds,
etc.

Lay-out : for each treatement, 500 seeds, sown in 5 replicate plots.
The seeds are hand-sown, with care, at 10cm intervals along the row.
The treatments are laid out in a randomized complete block design.

Assessment : at full emergence in the control, count emerged
seedlings in all treatments. An earlier assessment may be useful to
note any advance or delay in emergence.

Observations may be continued on the plants through to harvest.
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FAO/AP/001
FAO/AP/002
FAO/AP/003
FAO/AP/004
FAO/AP/005

FAO/AP/006
FAO/AP/007
FAO/AP/008
FAO/AP/009
FAO/AP/010
FAO/AP/011
FAO/AP/012
FAO/AP/013
FAO/AP/014
FAO/AP/015
FAO/AQ/016
FAO/AP/017
FAO/AP/018
FAO/AP/019
FAO/AP/020
FAO/AP/021
FAO/AP/022
FAO/AP/023
FAO/AP/024
FAO/AP/025
FAO/AP/026
FAO/AP/027
FAO/AP/028
FAO/AP/029

Annex -1
Efficacy Test Protocols

Planthoppers on Rice

Stemborers on Rice

Leaf hoppers on Rice

Plutella xylostella

Alternaria solani and Phytophthora
infestans on Tomato

Phytophthora infestans on Potato
Weedsin Rice

Weeds in Sugar Cane

Weedsin Maize

Weeds in Banana

Seed Bugs on Rice

Rice Water Weevil

Leaf Folderson Rice

Sheath Blight of Rice

Blast Disease of Rice

Mites on Citrus

Scale Insects on Citrus

Heliothis armigera on Citrus

Citrus Leaf miner

Webworm and Heartworm on Cabbage
Anthracnose of Capsicum spp.

Corn Borerson Maize

Bollworms on Cotton

Rice Hispa

Apple Scab

Armyworms on Maize

Guidelines for Phytotoxicity Assessment
Sucking Insect Pests of Cotton
Miteson Apple
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FAO/AP/030
FAO/AP/031
FAO/AP/032
FAO/AP/033
FAO/AP/034
FAO/AP/035
FAO/AP/036
FAO/AP/037
FAO/AP/038
FAO/AP/039
FAO/AP/040

FAO/AP/041
FAO/AP/042
FAO/AP/043
FAO/AP/044
FAO/AP/045
FAO/AP/046
FAO/AP/047
FAO/AP/048
FAO/AP/049
FAO/AP/050
FAO/AP/051
FAO/AP/052
FAO/AP/053
FAO/AP/054
FAO/AP/055
FAO/AP/056
FAO/AP/057
FAO/AP/058

Annex -1
Efficacy Test Protocols

Aphidson Apple

Whorl Maggots on Rice

Black Bugson Rice

Weeds in Oil Palm and Rubber
Weeds in Phaseolus, Pisum and Vigna
Blue Mould of Tobacco

Fruit Flies on Cucurbits

Hoppers on Mango

Fruit Flies on Mango

Codling Moth on Apple

Numerical Code for the Growth Stages of
the Rice Plant

Armyworms on Rice

Mealy Bugs on Cassava

Flea Bettle on Cabbage

Tirathaba sp. on Corn

Pomacea in Rice

Thrips on Eggplant

Leafminer on Chrysanthemum
Weeds in Groundnut

Pod Borer on Green gram
Anthracnose of Mango

Shoot and Fruit borer on Egg plant
Spodoptera on Tomato

Thrips on Orchid

Thrips on Citrus

Dirty Panicles of Rice

Spodoptera on Grape

Mealy Bug on Desert Rose
Bollworm on Asparagus
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FAO/AP/059
FAO/AP/060
FAO/AP/061
FAO/AP/062
FAO/AP/063
FAO/AP/064
FAO/AP/065
FAO/AP/066
FAO/AP/067
FAO/AP/068
FAO/AP/069

Efficacy Test Protocols

Powdery Mildew of Cucumber
Weeds in Mango

Weeds in Marigold

Weeds in Chinese Kale (Broccali )
Weeds in Cassava

Club Root of Cabbage

Gram Pod Borer in Chick Pea
Aphids on Mustard

Shoot fly on Sorghum

Aphids on Potato

L eafhopper on Okra

Annex - 1
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0 mB5é gl magpm: Phytotoxicity Symptoms
Glyphosate damage to appletree  Glyphosate drift damage to cucumber

Symptom on banana leaves caused by
phytotoxic response to herbicide spray
(glyphosate)

Phytoxicity, brown spots on
Secondary tuber growth caused leaves, dead spots on |leaves,
by glyphosate phytotoxicity. pesticide
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20 B85 gl aaep: Phytotoxicity Symptoms
Phytotoxicity, phyto, chemical Phytotoxicity (in-furrow insecti-
burn, pesticide burn

cide injury) on peanut leaf.

Phytotoxicity, phyto, pesticide burn,
herbicide burn, insecticide burn,
Cycocel Phytotoxicity chemical damage

Bonide Fruit Tree Spray, Captan,
Malathion, carbaryl, apple, tree,
fruit, leaves, brown burnt, scorch, For example the fungicide Phyton
discolor, phytotoxicity 27, phytotoxic symtoms

y *‘
N\ . »
: r
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20 :BS gl aep: Phytotoxicity Symptoms
Pesticide burn, or phytotoxicity, is Fertilizer or Pesticide Burn
caused by misuse or misapplication

of chemicals on plants.
% — 't f'

¥ i

HGIC, UoIMD

The insecticide, diazinon, spray
Copper phytotoxicity symptoms injury to aleaf of kava (Piper
on peach leaves. | methysticum).

Gramoxone herbicide injury to
bananafoliage (leaf spotting).
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208 mB S0 g0 amep: Phytotoxicity Symptoms

Vikane (termiticide) injury to Copper fungicide toxicity on
Arecapam (leaf yellowing). Chamedorea palm (leaf spotting).

Mango Phytotoxicity Caused by
Mancozeb
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