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inagro-ecosystems,pollinatorsareessential fororchard,oilseedcrop,horticulturalandforage

production,aswellastheproductionofseedformanyrootandibrecrops.pollinatorssuchas

bees,birdsandbatsaffect35percentoftheworld’scropproduction,increasingoutputsof87of

theleadingfoodcropsworldwide,plusmanyplant-derivedmedicinesintheworld’spharmacies.

Just as the agricultural community is taking stock of the contribution of pollination to

crop production, populations ofmanaged pollinators (theWestern honey beeApis mellifera, 

theeasternhoneybeeApis cerana,andtheirasianrelatives)areexperiencingnewandpoorly

understoodthreats.Wildpollinatorsinagriculturallandscapescanprovideimportantpollination

servicesandservealsoasacriticalformofinsuranceagainsttherisksofpestsanddiseases

amongstmanagedpollinators.

Within the context of its lead role in the implementation of the initiative for the

conservationandsustainableUseofpollinators(alsoknownastheinternationalpollinators

initiative-ipi)oftheUnitednationsconventiononBiologicaldiversityadoptedin2000(cop

decisionv/5,section ii), Faohasestablisheda“Globalactiononpollinationservices for

sustainableagriculture”.Faohasalsodevelopedaglobalproject, supportedby theGlobal

environment Facility (GeF) through the United nations environment programme (Unep)

entitled“conservationandmanagementofpollinatorsforsustainableagriculture,throughan

ecosystemapproach”.sevencountries(Brazil,Ghana,india,Kenya,nepal,pakistanandsouth

africa)haveworkedtogetherwithFaotoidentifyandcarryouttargetedactivitiesthatcan

addressthreatstopollinatorsinagriculturallandscapes.theoutcomesoftheglobalproject

areexpectedtoexpandglobalunderstanding,capacityandawarenessoftheconservationand

sustainableuseofpollinatorsforagriculture.

PREFACE



viii

asa contribution to the ipi, Faoand itspartnershave collaboratedwith inra (institut

national de la recherche agronomique, a public research body of the French government)

to develop a protocol for assessing and detecting if a crop production system is suffering

a pollination deicit. Field testing and adaptation of the protocol for the variable cropping

systemsindifferentcountrieswasmadepossiblethroughagrantfromtheinternationalFund

foragriculturaldevelopment(iFad)onthe“developmentoftoolsandMethodsforconservation

andManagementofpollinationservicesforsustainableagriculture“, in2009and2010.this

documentthuspresentsahandbookfortheapplicationoftheprotocol,outliningtheunderlying

concepts, thehypothesis tobe tested,and themodiicationandapplicationof theprotocol

toavarietyofcircumstancesindevelopingcountries,suchassmallields,homegardens,and

highenvironmentalvariability.astheprotocolisapplied,Faoanditspartnerswillbeableto

provide informationon the resultsofdetectingandassessing levelsofpollinationdeicit in

cropsimportantfornutritionandfoodsecurityaroundtheworld.

Linda Collette

FAO Focal Point for the IPI

plantproductionandprotectiondivision
Rome, Italy
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the following describes a protocol to be applied to focal crops at the farm scale level to 

(i)detectandassesspollinationdeicitsinieldsituationsinastandardandstatisticallytestable

way;and(ii)drawmanagementconclusionsfromtheproposedexperimentforpossibleactionto

eliminateoratleastreducethesedeicits.itcanalsobeusedsimplytoassesspollinatordensity

anddiversityonafocalcropforcomparisonpurposesamongdifferentsites.

pollinationisthetransferofpollenfromtheproducingantherstothereceptivestigmaandit

isanessentialpreliminarystepforthesexualreproductionofloweringplants.pollinationlevel

canbepreciselymeasuredasthenumberofcompatibleandviablepollengrainsthatreacha

stigmaduringtheeffectivepollinationperiod,anditisthereforedirectlyrelatedtoyieldforall

cropsinwhichtheoutputisaproductofsexualreproduction.indeed,pollinationmanagement

shouldberegardedasaproductionfactorinitsownrightforallthesecropsasitcanaffect

theagronomicyieldand itsmanycomponents suchas fruit setandseedset, fruitquality

(e.g.size,aspect,sugarcontent,lavorandnutritionalcontent),seedquality(e.g.germination

rate,oilcontent),andothercharacteristicssuchasearlinessanduniformityofoutput(e.g.rape

Brassica napusl.:lerin1982,sabbahiet al.2006),marketvalueandproitability,andinally

theenvironmentalandsocietalimpactsofacrop(McGregor1976;Free1993).

FAO facilitates and coordinates the International Initiative for the Conservation and 

sustainableUseofpollinators(ipi:http://www.internationalpollinatorsinitiative.org/),which

was established in 2000 by the Fifth conference of parties of the convention onBiological

diversity.oneoftheobjectivesoftheipiistopromotetheconservationandtherestoration

andsustainableuseofpollinatordiversityinagricultureandrelatedecosystemsbaseduponthe

fourelementsoftheipiplanofaction:assessment,adaptivemanagement,capacitybuilding,

andmainstreaming.itisinthiscontextthatFaocommissionedin2008aliteraturereviewon
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thetopicofdetectingandassessingpollinationdeicitincrops.thisreviewstudythenserved

as background for an expert workshop to identifymethods for detection and assessment of

pollinationdeicitincropsanddevelopapracticalyeteficientprotocoltoassesssuchdeicits.

thisFao-sponsoredworkshopwasheldon3-5april2008nearbyavignon,France,under the

auspicesof inra(institutnationalde larechercheagronomique)with13participants from

aroundtheworld(Figure1.1).

the workshop considered two perspectives that establish the context for a focus on

pollinationdeicitsandhumanlivelihoods:(i)fromapollinatorperspective,pollinationcrises

appearincreasinglylikely,asevidenceofpollinatordeclinesbecomemoreandmoreapparent

innumerous locations;and(ii) fromaplantperspective,therearemanypotentialdriversof

increasing pollination deicits such as lack of compatible pollen for self-incompatible and

dioeciousspecies,andreducedpollenproductionand/orpoorpollenqualityduetogenotype

anditsinteractionwithnutrientstatus,waterdeicitsorotheraspectsofgrowingconditions.

climatechangemaybecontributingtopollinationdeicitbyaffectingthephenologyofboththe

plantanditspollinatorsindifferentwayssoastoleadtoasynchrony,orreducingthedurations

ofpollinatoractivityandplantlowering.

theworkshopthenexaminedthedeinitions,conceptsandtheoryofpollinationdeicitsand

pollenlimitationinbroadterms.thecontextof‘optimalpollination’fromaplantperspective

(itness)isclearlydifferentfromthatofafarmer’sperspective(agronomicoreconomicyield),

andalsofromtheperspectiveofsustainabledevelopment(whichmaybemoreorientedtoward

long-termsustainabilityandreliabilitydependingonthearea;Figure1.2).Withthisbackground,

theworkshopparticipantsagreedonthefollowingdeinition:Crop pollination deficit refers 

to inadequate pollen receipt that limits agricultural output. the review of themethods

usedtoassesspollinationdeicitincropswasbasedon67papers.thesynthesisofthislarge

arrayofcasestudieswasconductedalong3axes:(i)thedependentvariable(s)usedtoassess

pollinationdeicit(e.g.numberofpollentubesperstyleorpollengrainsperstigma,fruitset,

seedset,fruitcharacteristics,orseedscharacteristics);(ii)theexperimentalunitusedinthe

assay(asampleoflowers,ofbranches,awholeplant,aplotorawholeieldorlargerarea);and

(iii)thedemandofthecrop,thatistheintrinsicpollinationneedforoptimalieldproductivity

baseduponthesexualreproductivebiologyandphysiologyofthecrop,thetemporalscaleof

thedemand(durationoflowering:determinateversusundeterminatespecies),thespatialscale

ofthedemand(ieldsizeandlandscapepattern),andtheproductionstrategy(e.g.off-season

productionof coveredcrops). themainmethodologicalproblemsandpossible improvements
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From left to right: Jim Cane (USDA, Logan, Utah, USA), Resham Bahadur Thapa (Institute for Agriculture 
and Animal Sciences, Chitwan, Nepal), Paulo Eugênio Oliveira (Universidade Federal de Uberlândia, Brazil), 
Jérôme Vandame (INRA Avignon, France), Wanja Kinuthia (National Museums of Kenya, Nairobi, Kenya), 
Barbara Gemmill-Herren (FAO Rome, Italy), Simon Potts (University of Reading, UK), Bernard Vaissière 
(INRA Avignon, France), Linda Collette (FAO Rome, Italy), Ruan Veldtman (South African Biodiversity 
Institute, Cape Town, South Africa), Breno Freitas (Universidade Federal do Ceará, Fortaleza, Brazil), 
Natacha Chacoff (Centro Regional de Investigaciones Cientificas y Tecnológicas, Mendoza, Argentina).

Figure1.1

PARTICIPANTS IN THE FAO-SPONSORED EXPERT WORKSHOP ON ASSESSING POLLINATION DEFICITS 
IN CROPS

Figure1.2

OPTIMAL POLLINATION LEVELS - WITHIN THE RESOURCE ALLOCATION PATTERNS OF THE CROP 
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gCocoa (Theobroma cacao L.) flowers, and the 

subsequent pods, are borne on the trunk of the 
cocoa tree. On average, only about 5 percent of 
flowers on a cocoa tree will give rise to a mature 
pod (Free 1994). In a study where all the flowers 
on a cocoa tree were hand-pollinated, the yield 
of the tree exceeded the yields of all other cocoa 
trees; but the tree died the next year (Falque et 

al. 1996)! It is most often the case that optimal 
yields are considerably less than 100 percent 
fruit or seed set, and a certain percentage of 
flowers abort. 
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inassessingpollinationdeicitswerethenreviewedwiththecleargoaltodevelopapractical

ready-to-useprotocolthatcouldbereadilyimplementedtodetectandassesspollinationdeicits

forthemajorcropsinthesevencountriesthataretakingpartintheGeF/Unep/Faoproject

on the “conservation andManagement of pollinators for sustainable agriculture through an

ecosystem approach“ (Brazil, Ghana, india, Kenya, nepal, pakistan and south africa). it is

thisprotocol thathasbeen reined,detailedand improved inconcertwithstakeholdersand

end-usersthatispresentedhere.
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section1
DEFINITIONS 
AND CONCEPTUAL 
FRAMEWORK

thefollowingconceptualframeworkunderliestheprotocol;thedeinitionsoftermsoftenleadto

theneedforfurtherdeinitions,inalogicalsequence.thetermsdeinedareunderlined.

Optimum pollination:pollinationthatleadstomaximumsexualreproductiveoutputgiventhe

currentavailableresourcesoverthelifetimeoftheplant.inthecaseofcrops,thisrefersto

theagriculturaloutputthatdependsuponpollination,andittakesintoaccounttheproduction

objectivesinrelationtothemarketandthesustainabilityofthecropmanagement.todeine

pollinationdeicits,itisnecessarytodeine(andunderstand)howtoattainoptimumpollination

levels(Figure1.3).

Pollination deficit:Quantitativeorqualitativeinadequatepollenreceiptwhichdecreasesthe

sexualreproductiveoutputofplants(fromWilcockandneiland(2002)whodeinedtheconcept

ofpollinationfailure).

Figure1.3

POLLINATION DEFICIT IN RELATION WITH OPTIMUM POLLINATION LEVEL 

current level

optimum level

POLLINATION DEFICIT
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Crop pollination deficit: Quantitative or qualitative inadequate pollen receipt that limits

agriculturaloutputinyieldoreconomicterms(Figure1.4).

Further defining this concept:

The inadequate pollen receiptmaybequantitative/qualitativeduetoadeicientqualityof

thepollengrainsdeposited,orinadequatewithrespecttotiming,thatisoccurringoutsidethe

periodofeffectivepollinationbasedonstigmaticreceptivityandovulesenescence.

A quantitative pollination deficit is an insuficient number of conspeciic pollen grains

depositedontothestigmaduringtheeffective pollination period(seebelow).itisoftenthe

resultofaninsuficientnumberofvisitsbypollinators(Figure1.5).

aquantitativepollinationdeicitcouldbeanoutcomeofconditionssuchas:

 || ineffective/insuficienttransportanddepositionofpollenontothestigmas;
||insuficientpollenproduction(Figure1.6);
lackofmalelowersrelativetofemaleonesindioeciouscropspecies,suchinorchardsof||
kiwifruit(Actinidia deliciosa(a.chev.)c.F.liang&a.r.Ferguson);

 || lackofstaminatelowersrelativetopistillateonesinmonoeciouscrops,ascanoccuratthe
onsetofloweringinveryearlyplantingsofzucchini(Cucurbita pepol);and

 || lackofmale-fertilelowersrelativetomale-sterileonesinhybridseedproduction.
 

 Flowers of runner beans (Phaseolus coccineus L.) 
that do not receive sufficient pollen form distorted, 
sickle-shaped pods, instead of long, straight pods. 
Distorted pods are rejected by the export market. 
A producer nearby Nanyuki, Kenya, estimated that 
mishapen pods made about one-fifth of his crop 
despite the colonies of honey bees located nearby 
his production fields. 
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Figure1.4

OPTIMUM POLLINATION OF RUNNER BEANS IN KENYA
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PERCENT CHANGE IN COFFEE PRODUCTION FROM 1961-1980 (BEFORE AHB) TO 1981- 2001 (AFTER AHB) 

A vast, continent-wide “experiment” showing the value of increased pollination levels took place in Latin 
and Central America between 1980 (before the arrival of feral Africanized honey bees (AHB) and after 
that date. A substantial increase in coffee (Coffea arabica L.) yield coincided with the establishment 
of Africanized honey bees in those countries it invaded, an increase that did not occur amongst African 
nor Asian producers. It also did not occur amongst intensive producers in Latin America who leave little 
habitat for bees to nest, nor among Carribean producers untouched by feral AHB. These findings are by 
no means presented to advocate the introduction of alien pollinators, but solely to illustrate the levels of 
increase in production possible when levels of pollination services are increased and habitat is available 
to permit sufficient nesting resources for increased pollinator density.

Source:roubik(2002)

Figure1.5

IMPACT OF A SIGNIFICANT INCREASE IN THE NUMBER OF INSECT VISITORS TO COFFEE CROPS  
IN LATIN AMERICA 
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Figure1.6

LACK OF POLLEN PRODUCTION IN STRAWBERRY
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on Primary flower of a strawberry Fragaria x ananassa 

Duch. plant grown in greenhouse for out-of-season 
production at anthesis in February. A single anther 
is well formed while all others are aborted. Often 
many flowers at the onset of flowering are totally 
male-sterile resulting in a severe shortage of pollen 
to enable adequate pollination. 
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A qualitative pollinationdeicit iswhen suficient conspeciicpollen isdepositedonto the

stigma,butthispollenisnoteffectiveforfertilization.thisreducedpollenqualitymayresult

fromalowintrinsicviabilityand/orthegeneticoriginofthepolleninself-incompatiblespecies

forwhichthepollenmustcomefromaplantgeneticallydifferentfromthatofthereceptive

stigmaforfertilizationtooccur.

aqualitativepollinationdeicitcouldbeanoutcomeofconditionssuchas:

 || poorpollenviability,as in some fruitvarietiesandcrops suchas strawberrywhengrown
under low light conditions early on under greenhouses; or

 || lackofpollenizerlowersinself-incompatiblecrops(Figure1.7).

The effective pollination period is the period duringwhich the pollen deposited onto the

stigmacanresultinfertilization.pollenthatisdepositedeitherbeforeorafterthisperiodwill

notbeeffectiveforfertilizationandthereforeforproduction(sanzolandherrero2001).

Bouquet of flowers from a cross-compatible 
variety installed at the onset of flowering to 
mitigate the qualitative pollen deficit in a pear 
orchard planted with a single self-incompatible 
variety. Effective pollination will require that 
pollinators transfer the pollen from these 
bouquets of pollenizer flowers to the flowers 
of the orchard.
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Figure1.7

BOUQUET OF POLLENIZER FLOWERS IN PEAR ORCHARD
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The limitation of agricultural outputmaybequantitative (that is,with respect to yields), or

qualitative(withrespecttofruitorseedcharacteristics;Figures1.4,1.8and1.9),orinadequate

outputwithrespecttotiming(e.g.becauseofdelayedorextendedfruiting).limitationofagricultural

outputmayimpactafarmeronanannualbasis,butitmayalsohavelongertermimpactswhen

ausefulcomponentofasustainable farmingsystem,suchasavaluableentomophilouscrop, is

droppedbecauseofpoorpollination(e.g.yieldoflowbushblueberryVaccinium angustifolium Aiton 

insoutherninnewBrunswickbecauseofpesticideapplications,Kevan1977;seealsoFigure1.10).

Figure1.8

CROP POLLINATION DEFICIT: STRAWBERRIES IN KENYA
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The weight of a kiwifruit (Actinidia deliciosa 
(A.Chev.) C.F.Liang & A.R.Ferguson)) is well 
correlated with its number of seeds, which 
directly depends upon the level of pollination 
service of the flower it came from as there is 
neither parthenocarpy nor apomixy in kiwifruit. 

Within the European Union, it is unlawful to sell 
kiwifruits below the weight of 65 g (http://www.
unece.org/trade/agr/standard/fresh/FFV-Std/
English/46kiwifruit.pdf), illustrating how in some 
markets, quality considerations can translate 
directly into marketability.

Two strawberries (Fragaria x ananassa Duch.) 
grown near Nanyuki, Kenya: the strawberry on the 
left is well shaped and it developed from a flower 
that received sufficient pollination on most of its 
stigmas, while the one on the right shows evidence 
that only the side stigmas, those that usually 
touched the anthers, received suffient pollination 
while all the central stigmas did not get pollinated 
and so the central part of the strawberry did not 
develop. In many markets, the strawberry on the 
right would be discarded. 

adaptedfromvaissièreet al.,1992
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Figure1.9

CROP POLLINATION DEFICIT AS DEFINED BY MARKET STANDARDS 
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Figure1.10

CROPS CULTIVATED LESS BECAUSE OF POOR POLLINATION

Farmers in northern India and in the Chitwan 
district of Nepal are choosing to grow less of 
their traditional crops, such as mustard (Brassica 

rapa L.), because yields have declined. The crop 
is important for both food security and animal 
feed. In the Chitwan region, farmers recognise 
that the bee pollinators of mustard have been 
negatively impacted by the high levels of 
pesticides applied to crops. 
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thisprotocolhasbeendevelopedtoaddresspollinationinawaythatisrealisticforfarmers,

and so the yield is the primary focus. the fact that crop plants can compensate for pollen

limitationwithlongerloweringperiodsandmorelowersmeansthatthewholeplant,rather

thanindividuallowersorevenasampleoflowers,needstobeconsidered.alongthesameline,

fruitsetand/orseedsetcanberesource-limited,andtherebytheresultsobtainedbyincreasing

pollinationlevelsonasubsetoflowersonaplantmayresultinalargerfruitfromthoselowers,

butnotgreateroverallproductiononaplantbasis (Knightet al.2005).agriculturaloutput

shouldthereforealwaysbebasedonawholeplantorlargerscale(plot,ield),andpollination

treatmentsmustbecarriedoutonasimilarscale,thatiswiththewholeplantasthesmallest

experimentalunit.



11

p r oto c o l  t o  d e t e c t  a n d  a s s e s s  p o l l i n at i o n  d e F i c i t s  i n  c r o p s :  a  h a n d B o o K  F o r  i t s  U s e

section2
PROTOCOL OBJECTIVE 
AND STRUCTURE

theprotocolaimsatapplyingmethodsfollowingastandardexperimentaldesigntoassessthedegree

towhichpollinationisalimitingfactorintheproductionofafocalcropattheieldscale.comparing

cropresponsesunderpollinationlevelsresultingfromcurrentpracticeswiththosefromenhanced

pollinatorabundanceordiversitywillindicatethepresence,anddegree,ofapollinationdeicit.

theprotocolisstructuredasahypothesisthatthereisarelationshipbetweenthepollination

levelX,theindependentvariable,andapartorthewholeofcropyieldY,thedependentvariable,

asrelectedinthefollowingequationandoverviewofparameters.

Y=F(X)+a

where:

 || Yisthetotalcropyieldmeasuredinagronomicoreconomicunits;
F(X)istheyieldresultingfromthelevelofpollinationserviceX,andismeasuredinthesame||
unitasY;andaistheyieldresultingfromautonomousself-pollinationandwindpollination

measuredinthesameunitasY(Figure2.1).

thepollinationleveliscriticalfortheyieldforallcropsinwhichtheoutputisaproductof

sexualreproduction.But,unlessthepreciserelationshipbetweentheyieldandthenumberand

geneticdiversityofpollengrainsthatreachthestigmaduringtheeffectivepollinationperiodis

known,itisnotpossibletoquantifydirectlytheoptimumlevelofpollinationserviceneededto

achievemaximumsustainableoutput. it thenbecomesnecessary tousealternatevariablesas

proxiestoassessthislevelofpollination.assumingthatthemainpollinatingspeciesareknown

amongtheloralvisitors,suchproxiesincludepollinator density (number of pollinators/floral 

unit) and pollinator diversity.
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Figure2.1

RELATIONSHIP BETWEEN POLLINATION LEVEL AND CROP YIELD

The protocol hypothesises a relationship between the pollination level X, and a part or the whole of crop 
yield Y, as reflected in the following equation and overview of parameters.

Y = F (X) + A
where Y is the total crop yield measured in agronomic or economic units;
F(X) is the yield resulting from the pollination service measured in the same unit as Y; 
and A is the yield resulting from autonomous self-pollination and wind pollination measured in the same 
unit as Y. The possible application of this equation to wheat (Triticum aestivum L.- left) and apples 
(Malus domestica Borkh - right) is illustrated.
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Y = F (X) + A;
F (X) =0
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Y = F (X) + A;
F (X) IS 40-90% OF Y

Basedupontheabove,theprotocolwillnowbedescribedin6sectionsasfollows:

Generalconsiderationsforexperimentaldesignandstudyieldselection(seesection3)||
treatmentstomodulatethepollinationlevelandindependentvariables(seesection4)||

 || localpollinatorsupplementation
 || landscapecontext/ieldlocationinrelationtonaturalhabitats

 || layoutofexperimentalsites(seesection5)
 || establishingtheexperimentalsite
 || locatingtheexperimentalsitewithinastudyield

 || pollinatordependentvariablesanddatacollection(seesection6)
 || Pollinator density

 || Pollinator diversity

 || covariables
 || productiondependentvariablesandsamplingunits(seesection7)

 Agronomic yield||
 Economic yield||

 || statisticalanalyses(seesection8)
Generalconclusions(seesection9)||
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section3
GENERAL CONSIDERATIONS 
FOR EXPERIMENTAL DESIGN 
& STUDY FIELD SELECTION 

WithintheGeF/Unep/Faoprojectonthe“conservationandManagementofpollinatorsforsustainable

agriculturethroughanecosystemapproach“,demonstrationsiteshavebeenselected,termed“step”

sites,where step stands for study, training, evaluation and promotion sites (Figure 3.1). in this

project, and similarly inotherefforts to identifyandassesspollinationdeicits, sites shouldbe

Figure3.1

HIERARCHY OF LOCATIONAL TERMINOLOGY USED IN THIS HANDBOOK

Recording plots are small areas on the dimension of 
meters, to record data. They, along with transects, 
are located in experimental sites, which in turn 
are located inside of study fields. Study fields are 
fields of the focal crop, located within STEP sites.
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identiiedwherefarmersaregrowingpollinator-dependentcropsunderarangeofconditionsthat

lendthemselvestomakingcomparisons.suchsitescanbeusedtoimplementaprotocoltodetect

andassesspollinationdeicitswiththegoalthatfarmerscanbeinvolvedinthestudy,andtheresults

canbeusefultoraisetheawarenessaboutthesigniicanceofpollinatorsinfarmingcommunitiesand

alsopromotetheuseofpollinator-friendlypractices.thustheprotocolhastobestraightforwardand

addresspollinationinawaythatisrealistictofarmers.tothisend,theuseofdependentvariables

suchasthenumberofpollengrainsperstigmaforself-compatiblespeciesorthenumberofpollen

tubesperstyleforself-incompatibleoneswasnotconsidered.ratheryield,whethertheagronomic

yieldortheeconomicyield,istheprimaryfocussothat,asindicatedabove,thewholeplantisthe

smallestexperimentalunitpossibletoavoidtheconfoundingeffectsofplantresponseandresource

allocation.however,suchanexperimentalunithasitsdrawbacksanditpreventstheuseofhand

pollinationasawaytoachievemaximumpollinationbecauseitispracticallyimpossibletohand

pollinateallthelowersofaplant.thepollinationtreatmenttoassessdeicitswillthereforehave

tobedoneindirectlybymanipulatingthepollinatorfauna.theuseofscreencagesorenclosuresin

generalisacommonwaytoeasilycontrolthenumberofpollinatorsontooneorseveralplantsatonce

withseveralreplicatespossiblepertreatment(e.g.steffan-dewenter2003).theuseofenclosures,

however,wasnotconsideredhereeitherbecauseoftheircostandthefactthattheymodifythe

microclimaticconditions,suchashumidity,airlowandsolarradiation,andthereforephotosynthesis

whichcanleadtothereductionofassimilateavailabilityandlowerseedset(Bouwmeesterandsmig

Figure3.2

HYPOTHETICAL PLACEMENT OF STUDY FIELDS WITH A COMPLETELY RANDOMIZED DESIGN USING TWO 
DISTANCES TO NATURAL HABITAT AS TREATMENT

Study fields should be located in environments that 
are as similar as possible (similar topography, soil, 
slope, exposure) and managed in a uniform way with 
same seed source or genetic material and the same 
cropping system; thus the only difference will be the 
independent variable: distance from natural habitat.

LAND USE CLASSES

Agriculture

Forest

open/Builtup

studyfieldsnearnaturalhabitat

studyieldsfarfromnaturalhabitat
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1995).inaddition,theyalsoeliminateaccesstoalternateloralsourcessothatpollinatorbehavior

isconsiderablyalteredcomparedtotheirforagingintheopen(e.g.honeybeeswillvisitandpollinate

tomatolowersunderclosedgreenhouses,whichhardlyevertakesplaceintheopen;Bandaand

paxton1991).Forthisreason,theprotocolaspresentedhereisdesignedtobeusedinieldsinthe

open.itreliesonfreelyingpollinatingspecieswiththeconstraintthatpollinatortreatmentwill

actattheleveloftheforagingareaofthesespecies,whichmaycommonlyextendoveratleast1

to2kmradius,thoughpollinatordensitywillclearlynotbeuniformoverthisrange.Forthisreason,

individualstudyieldsshouldalwaysbeseparatedfromeachotherbyadistanceatleastequalto

2kmandifpossiblegreaterthanthemaximummodalforagingdistanceofthemanagedpollinator

speciesused (2 to3km for socialbees suchashoneybeesandbumblebees–Buchmannand

shipman1991;steffan-dewenterandtscharntke2000;osborneet al.2008).inthecaseofsolitary

bees,themaximumforagingdistancecanrangefrom1.2kmforsmallbees(Beilet al.2008)upto6

kmforlargecarpenterbeessuchasXylocopa flavorufa(pasquetet al.2008).

Forrandomizeddesignswherecomparisonswillbemadebetweenstudyields,theseshould

be located in environments that are as similar as possible (similar topography, soil, slope,

exposure),andalsomanagedinauniformway(sameseedsourceorsamegeneticmaterial,same

croppingsystem)withtheexceptionoftheonefactorbeingmanipulatedbetweensites,suchas

theintroductionofpollinatorstocomplementthelocalfaunaorthedistancetonaturalhabitat

(Figure3.2).iftwofactorsarebeingmanipulated,afactorialdesignisrequired(Figure3.3).

Figure3.3

HYPOTHETICAL PLACEMENT OF STUDY FIELDS IN A FACTORIAL DESIGN WITH TWO LEVELS OF TWO TREATMENTS

To draw management conclusions from the proposed 
experiment, the use of a factorial design is recommended, 
that is fields close and far from natural habitats 
combined with fields with and without pollinator 
introduction. Thus there should be 5 fields for each 
treatment combination (which gives a total of 20 
fields). A hypothetical design for this experiment is 
shown here, as a modification of Figure 3.2. As before, 
all other conditions (topography, soil, slope, exposure 
and management) should be as similar as possible.

Agriculture

Forest

open/Builtup

LAND USE CLASSES

Study fields 
nearnaturalhabitat

Study fields with hives,
nearnaturalhabitats

Study fields 
farfromnaturalhabitat

Study fields with hives, 
farfromnaturalhabitats
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For longields (>450m in length), comparisonscanbemadealongagradientbetween

differentareaswithintheieldifitispossibletolocatea“pollinatorfront”–eithercolonies,

nestingsites,ornaturalareaononesideonly(araset al.1996;Figure3.4).itistheuniformity

withinaieldthatwillbeespeciallyimportantinboththeenvironment(uniformtopography,

soil, slope, exposure) and management (same seed source or same genetic material, same

cropping system). in this case, there can be important differences in the environment and

managementbetweenthedifferentieldssinceeachieldwillbeconsideredasablockforthe

statisticalanalyses.
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Figure3.4

POLLINATOR FRONTS 

If fields are long, that is, more than 450 m in length, comparisons can be made along a gradient between 
different areas within the field if it is possible to locate a “pollinator front” – either hives, or a natural 
area – on one side. It is the uniformity within a field that will be especially important in both the 
environment (uniform topography, soil, slope, exposure) and management (same seed source or same 
genetic material, same cropping system).

Remnants of semi-natural habitat along one edge of intensive grapefruit (Mach) plantation in the Northwest of Argentina.
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When it is not possible to ind the full complement of ields that are located in similar

environments (topography, soil, slope, exposure), andmanaged in a uniformway (same seed

sourceorsamegeneticmaterial;samecroppingsystem),itispossibletouseadesigninpairsin

whichthetwoieldswithinapairshouldbeassimilaraspossiblewhiledifferencesbetweenpairs

areallowed.Withinapair,therewillalwaysneedtobeoneieldthatwillserveascontrolwhilethe

otherieldwillbetreatedsoastohavepotentiallyimprovedpollination(Figure3.5).Withsuch

adesign,thenumberofpairstoindwillbeequaltohalfofthetotalcomplementofields.still,

thetwopairedieldswillneedtobeatleast2kmapartfromeachother.

Figure3.5

LOCATING PAIRED PLOTS IN A LANDSCAPE

Demonstration of a paired design (when it is not possible to find the full complement of fields located 
in similar environments). The two fields within a pair should be as similar as possible while differences 
between pairs are allowed. Within a pair, one field will serve as control (in this case, without hives) while 
the other field will be treated so as to have potentially improved pollination.

WITH HIVES WITHOUT HIVES

2
Km

pair1.  Higher elevations, western exposures, thin soils

2Km

WITH HIVES WITHOUT HIVES

2
Km

pair2.  Valley bottoms, rich soils

2Km
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Whenthereisno‘ield’assuch,forexampleforcucurbitplantssuchaspumpkin,Cucurbitaspp.,that

aregrownaroundhousesinmanyruralareasallovertheworld,astudy‘ield’willbecomposed

ofasetofoneorseveralpatches,eachpatchincludingoneorseveralplantsofthefocalcrop

(Figure3.6).theselectionof suchastudy ‘ield’will stillneed to take intoaccountall the

requirements laidout above, especially in termsof being set in auniformenvironment and

beingsimilarlymanagedsothatthepollinatortreatmentwillbethemaindifferencebetween

thesetofpatchesthatwillbecompared.Forexample,onestudy‘ield’mayconsistofpatchesof

cucurbitplantsaroundhouseslocatedfarwayfromtheclosestbeehivesand/orpatchofnatural

habitat,whiletheotherstudy‘ield’willconsistofcucurbitplantsaroundhouseswithbeehives

nearbyand/orclosetoapatchofnaturalhabitat.

Figure3.6

HOME GARDENS AS STUDY FIELDS

When there is no ‘field’ as such, for example when cucurbits such as pumpkins (Cucurbita spp., probably 
Cucurbita moschata (Duch.)) are grown around houses, a study field can be composed of a set of one 
or several patches, each patch including one or several plants of the focal crop. The identification of 
these sites will still need to be set in a uniform environment and being similarly managed so that the 
pollinator treatment will be the main difference between the set of patches that will be compared.

Home gardens with cucurbits in Chitwan, Nepal. Home gardens with cucurbits in Kakamega, Kenya.
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SECTION 4 
TREATMENTS TO VARY 
THE LEVEL OF 
POLLINATION SERVICE

improved pollination can result from improved pollen transport, deposition and fertilization

effectiveness.handpollinationwouldbetheobviousmethodtoachievefullcontroloftheamount,

viabilityandoriginofthepollenusedforpollination.however,formostcropsitisessentially

impossibletoundertakehandpollinationatthewholeplantscale.inordertoachieveimproved

pollination,therearestillmanyotherpossibleapproaches.a fewofthemareconsideredhere

in that they are simple, can be applied over awide range of situations and are amenable to

manipulationover a short time scale for experimental purposes. For each, thepros and cons,

andtheimplementationmodalitiesareexaminedbelow.thoseapplyingtheprotocolcanselect

amongstthesetreatmentstoattainpotentiallyimprovedpollination.thesetreatmentsare:

4.A POLLINATOR (BEE) SUPPLEMENTATION

Mostcropsarepollinatedbybees,especiallyhoneybees(Kleinet al.2007;raderet al.2009).

eusocialbees,suchashoneybees–whetherWesternhoneybees(Apis melliferal.)oreasternhoney

bees(Apis ceranaF.)–aswellasbumblebeessuchasBombus terrestris, and solitary gregarious 

species such as leafcutter bees (Megachile rotundata) andmasonbees (Osmia spp.) have been

domesticatedandtheirnestscanbemovedaroundforcroppollination(delaplaneandMayer2000).

itisthereforepossibletosupplementthelocalpollinatorfaunabyintroducingcolonies,nestsor

cocoonsofthesespecies(Figure4.1).Use of non native species should be strongly discouraged 

as they could have severe negative impacts on the local pollinator fauna and, indeed, whole

ecosystems(hingstonandMcQuillan1999,Goulson2003,KatoandKawakita2004;Figure4.2).
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Figure4.1

POLLINATOR SUPPLEMENTATION 

Supplemention of the local pollinator fauna (as an experimental treatment) can be carried out 
by introducing colonies, nests or cocoons of pollinating species. Apiaries, or melioponaries, can be 
established close to study fields. Use of non native species should be strongly discouraged as they could 
have severe negative impacts on the local pollinator fauna.

An apiary in Kenya, on the grounds of an export green bean production company (left) and a meliponary in Brazil, on the farm of an 

Açai farmer (right).

Figure4.2

RISKS OF INTRODUCTION OF FOREIGN POLLINATORS 

Bombusterrestris nest box.

The introduction of foreign pollinator species has 
led to severe problems in nearly all the countries 
where it has been tried, whether it be the spread 
of pathogens from the imported stock to the wild 
colonies of the same or other species with Nosema 

ceranae from honey bees to local bumble bees in 
Argentina (Plischuk et al. 2009), the enhanced 
spread of weeds pollinated by the introduced 
species (as with Lupinus arboreus by Bombus 

terrestris in Tasmania ; Stout et al. 2002) or the 
escape of the imported species and its replacement 
of the local species with ecological consequences 
that still remain to be assessed as with colonies 
of Bombus terrestris in Japan (Matsumura et al. 
2004, Inoue et al. 2008).
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prosandcons:
> applicableregardlessofthelocationofthecrop.

>	applicableregardlessofthecropproductionprocess(e.g.greenhouse,openield).

> Buildsonwhatisalreadyknownabouttheeffectivepollinatorsofthecrop.

<	pollinationdependsuponpollinatorspeciesintroduced.

< limitationtomanagedpollinators.

< Unclearrelationshipbetweenstockingrateofintroducedpollinatorsandforagerdensityon

focalcrop(itisusuallyagoodideatorecordpollinatordensityanddiversityatleastonce

justbeforepollinatorintroduction).

< effect of pollinator addition is usually not additive in relation to existing pollinator

foragingpopulations.

< possiblenegativeeffectsofhighpollinatordensity.

< Useofnon-nativespeciescouldhavedetrimentalimpactsonnativespecies(Figure4.2).

IMPLEMENTATION MODALITIES AND INDEPENDENT VARIABLE RECORDING

DESCRIPTION OF IMPLEMENTATION ACTION NUMBERS REQUIRED

introducemanagedpollinatorsinornearbyhalfofthestudy
ields at onset of effective lowering (lowering that will
produce crops). the stocking rate of introduced pollinators
(numberofcoloniesorofbeenestsorcocoonsperunitareaof
studyield)shouldbethesameinalltreatedields.itsvalue
shouldbesetbasedonthereproductivebiologyofthecrop
andtheliterature(e.g.usually1to10honeybeecoloniesper
haoffocalcrop;McGregor,1976;delaplaneandMayer2000)

recordthestockingrateofintroducedpollinators(numberof
coloniesorofbeenestsorcocoonsperunitareaofstudyield)
ineachstudyield.

5ieldswithand5ieldswithoutpollinatorsintroduced.

inlargeieldswithlength>450mlong,introducepollinators
alongasinglesideperpendiculartoitslengthtogetagradient
ofpollinatordensity(vaissièreet al.1984,araset al.1996).

recordthestockingrateofintroducedpollinators(numberof
coloniesorofbeenestsorcocoonsperunitareaofstudyield)
andthedistancetotheclosestintroducedpollinatorunitat
eachexperimental site (i.e. each locationofmeasurement -
seebelow)ineachstudyield.

5ields>450mlongwithpollinatorsintroducedona
singlesidetogetagradientofpollinatordensityfromnear
tofarfromsidewithintroducedpollinators(usuallyone
experimentalsiteforrecordingscanbesetateach150m
distanceofthepollinatorfront).
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Figure4.3

LANDSCAPE CONTEXT

Sacred grove in southwestern Ghana; these many groves in agricultural landscapes provide patches of natural habitat.

4.B LANDSCAPE CONTEXT 

pollinatorabundanceanddiversityvarywithlandscapecontext, insuchawaythatwildbee

populationsaregenerallygreater close tonaturalhabitat and inareaswithahighcoverof

naturalhabitat(Blancheet al.2006;chacoffandaizen2006,rickettset al.2008;Figure4.3).

thusthedistanceofthefocalieldtoanareaofnaturalhabitatsortherelativesurfaceoccupied

bynaturalhabitatswithina2kmradiusaroundthestudyieldcanbeusedtocreatediffering

levelsofpollinationservice,especiallysincerecentresultssuggestthataguildofpollinatorsis

oftenmoreeffectivethanasinglespecies(Kleinet al.2003;hoehn2008).thisapproachcan

alsobeusedforunmanagedwildpollinatorssuchasbeetlesonatemoyaAnnona squamosal.

xA. cherimolaMill.(Blancheandcunnigham2005)andhawkmothonpapayaCarica papayal.

(MartinsandJohnson2009)andothercrops(Figure4.4).

Wild bee populations are generally greater close to natural habitat and in areas with a high cover of natural 
habitat. Thus the distance of the study field to an area of natural habitats or the relative surface occupied 
by natural habitats within a 2 km radius around the study field can be used to create differing pollinating 
fauna density and diversity, thereby probably leading to differing levels of pollination service.
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Figure4.4

UNMANAGED POLLINATORS

Two sphingid moth pollinators (first and second row) and one butterfly pollinator (bottom row)  of 
Mangaba (Hancornia speciosa Gomez), an important native fruit crop in central and northern Brazil, 
and associated plants. The pollinators of this crop are highly diverse - including butterflies, bees 
and moths - and often require different host or food plants at different stages. Thus, the pollinators 
cannot be “managed” directly, but can be encouraged by preserving remnants of natural vegetation in 
agricultural landscapes.

Source:oliveira,schlindweinet al.2006
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mangaba flower Heliconius – Nymphalidae, visiting a 

mangaba flower

mangaba fruit 
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prosandcons:
> realisticvariationsofpollinatorabundanceanddiversity.

> takes into account all pollinator fauna and can therefore be especially useful when the

pollinatingspeciesareunknown.

> Usefulforcropsforwhichpollinationisachievedonlyormainlybyunmanagedpollinators:

e.g.foroilpalmElaeis guineensisJacq.andatemoyaorcustardapple,Annona squamosal.xa.

cherimolaMill.pollinatedbybeetles;cocoa,Theobroma cacaol.,pollinatedbyceratopogonidae

midges;andpapaya,Carica papayal.,pollinatedbymoths.

> consistentwithfarmingpolicyinsomeareas(Figure4.5).

< potentialcorrelatedfactorsthataffectyieldanditscomponentscanconfoundresults(e.g.ields

alongriverbottommayallbeneitfrombettersoilconditions).

< requireslandscapeheterogeneitytolocateieldsincontrastingsituation.

< repeatabilitymaybelimitedovertheyearsduetoyear-to-yearluctuationsinpollinatorpopulations.

IMPLEMENTATION MODALITIES AND INDEPENDENT VARIABLE RECORDING (REFER TO FIGURES 3.2 AND 3.4)

DESCRIPTION OF IMPLEMENTATION ACTION NUMBERS REQUIRED

in a uniform area (similar topography, soil, slope, exposure),
locateieldsinlandscapeofpredominantlyintensiveagriculture
andieldsinlandscapedominatedbynaturalhabitats.

habitatsmustbeassessedlocallyatleastonthegenerallevel
ofclassiicationofnaturalhabitat(forest,naturalgrassland,
brush,etc),agriculturalhabitat(annualcrops,orchards),and
urbanhabitat.

record the proportion of natural habitat around each study
ieldwithina1kmradius.

5ields in landscapeofpredominantly intensiveagriculture,
and5ieldsinlandscapedominatedbynaturalhabitats.

locateields close to (≤200m)and far from(>1km) the
closestpatchofnaturalhabitat.

thepatchesofnaturalhabitatshouldbeaslargeaspossible
soastoprovideasdiverseapollinatorfaunaaspossible.For
smallbees,areashouldbe≥0.5ha;for largebees,a larger
patchisneeded.

record distance to closest patch of semi-natural habitat in
eachstudyield.

5ieldscloseto(≤200m)and5ieldsfarfrom(>1km)the
closestpatchofnaturalhabitat

locate long ields (> 450 m long) with a single side
perpendicular to its length adjacent to a patch of natural
habitat,soastohaveagradientofdistancesfromtheedgeof
thispatchacrosstheield.

recorddistancetoedgeofnaturalhabitatateachexperimental
site(i.e.eachlocationofmeasurement–seebelow)ineach
studyield.

5ields>450mlongtohaveagradientofpollinatordensity
fromneartofarfromedgewithnaturalhabitat



25

p r oto c o l  t o  d e t e c t  a n d  a s s e s s  p o l l i n at i o n  d e F i c i t s  i n  c r o p s :  a  h a n d B o o K  F o r  i t s  U s e

©
 S

w
is

s 
Fe

d
e
ra

l 
O
ff

ic
e
 f

o
r 

A
g
ri

cu
lt

u
re

 

Figure4.5

USING LEGISLATED CONSERVATION PRACTICES AS A BASIS FOR EXPERIMENTAL DESIGN 

The landscape context for identifying pollination deficit is consistent with farming practices policy 
in a number of countries that require some portion of farmland to be “set aside” in the service 
of biodiversity. For example, agricultural policy in Switzerland since 1998 encourages farmers to 
adopt environmentally friendly methods. Farmers receive financial support only if they meet certain 
requirements. A key element of proof of ecological performance requires farmers participating in 
support schemes for multifunctional agriculture to set aside a minimum of 7 percent of land area as 
ecological compensation areas (ECA). Studies have shown that establishing ECA is an effective method 
of enhancing both pollinator species richness and abundance and pollination services to nearby 
intensely managed farmland (Albrecht et al. 2007).

In Brazil such “set asides” are mandatory. Called Reserva Legal (legal reserves), a portion of each 
property or settlement must have an area established for the conservation and rehabilitation of the 
ecological processes and biodiversity, protection of the native fauna and flora, and sustainable use of 
natural resources (such as rubber extraction or Brazil nut harvesting in the Amazon forest). Thus, the 
Reserva Legal must be a natural area with indigenous species, managed in a sustainable way. The size of 
the RL varies according to the biome in which it is found:

1)  80 percent of the rural propriety when it is in the forested area of the Legal Amazon biome;
2)  35 percent of the rural propriety when it is in the Cerrado area of the Legal Amazon biome;
3)  20 percent of the rural propriety when it is in the area of forests or other native vegetation formations 

in the other regions of Brazil;
4)  20 percent of the rural propriety when it is in the area of native prairies in any region of the country.
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4.C COMBINED TREATMENT – 

INTRODUCED POLLINATORS AND LANDSCAPE CONTEXT

thetwotreatmentslistedpreviouslytoenhancepollinatorpopulationsareonlythetwomain

typesused in the literature.But therearea fewothermeans to reachmaximumpollination

or increasepollinatorpopulationsonsomespeciiccrops.Forexampleonkiwifruit,artiicial

pollinationwithmachine-harvestedpollenispossibleandcanbeusedasareference(Gonzalez

et al.1998).also,whenthemosteffectivepollinatorspeciesareknownatagiven location

alongwithsomeelementsofitsbiology,itmaybepossibletoprovideadaptednestingsites

orothermanagementtoolstoenhancetheirpopulationdensity.thishasbeeneffective, for

example,with artiicial nests for carpenter bees (Xylocopa spp.) in orchards of passion fruit

vines Passiflora edulissims.(Freitaset al.2003),orForcipomyaspp.midgesincocoaplantations

(Kaufmann1975).

thistreatmenttosecurearangeofpollinationservicescombinestheintroductionofmanaged

pollinatorstogetherwithnaturallyoccuringvariationinpollinatorpopulationsduetolandscape

diversity. recent results suggest that the combination of the two approaches can be more

effectivethaneitheronealone.Forexample,GreenleafandKremen(2006)showedthatwild

beesthatweremoreabundantanddiversenearwildhabitatenhancedhoneybeepollination

effectivenessonsunlower(Helianthus annuusl.)forhybridseedproduction(Figure4.6).Using

thisexperimentaldesigncouldproducesomeinterestingresultsindisaggregatingtherespective

contributionsofmanagedversuswildpollinatorstocropyields.

Figure4.6

COMBINATORIAL TREATMENTS 
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A combinatorial approach to secure a range of pollination services 
combines the introduction of managed pollinators together with 
naturally occuring variation in pollinator populations due to landscape 
diversity. The combination of the two approaches can be more effective 
than either one alone. Recent research both from California (Greenleaf 
& Kremen 2006) and from South Africa have shown that the presence 
of wild bees enhance honey bee pollination effectiveness on sunflower 
(Helianthus annuus L.) for hybrid seed production. It is suggested 
that using this a combinatorial design could help to increase the 
understanding of the respective contributions of managed versus wild 
pollinators to crop yields.
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thisdualapproachwillhavethesameprosandconsasthetwotreatmentsdescribedina

andBabove.however,itisespeciallyimportanttoremembertheminimumdistancebetween

treatedanduntreatedieldswhenplanningtheexperimentaldesignheresoastocombine

butnottoconfoundtheeffectsofbothapproaches.Forexample,ifmanagedpollinatorsare

introducedalongoneedgeofaield,evenalargeone,whilenaturalhabitatispresentalong

anadjacentortheoppositeedge,itwillnotbepossibletodrawaconclusionastowhich

pollinator population led to the observed result (Figure 4.7). also, if one wants to draw

managementconclusions fromtheproposedexperiment, then theuseofa factorialdesign

isrecommended,thatisieldscloseandfarfromnaturalhabitatsshouldbecombinedwith

ieldswithandwithoutpollinatorintroductionwith5ieldsforeachtreatmentcombination

(whichgivesatotalof20ields;seeFigure3.3).itmaybeveryhard,indeed,toindsucha

largenumberofieldsseparatedbytherequiredisolationdistanceof2kmasaminimumand

yetlocatedinenvironmentsthataresimilar(topography,soil,slope,exposure)andmanaged

in a uniformway (same seed source or same geneticmaterial; same cropping system). in

thiscase,onecouldlocateivequartetsofields,thatisivesetsof4ields(oneforeach

treatmentcombination)andthe4ieldswithinaquartetshouldbeassimilaraspossiblewhile

differencesbetweenquartetsofieldsareallowed(eachquartetwillthenbetreatedasablock

forstatisticalanalyses).

Figure4.7

COMBINING TREATMENTS TO CREATE A POLLINATOR FRONT

In this cowpea (Vigna unguiculata 
(L.) Walp.) field in the Ceara state 
of Brazil, it is proposed to use the 
combined treatment of landscape 
context and introduction of hives. 
In this case, hives should be placed 
along the pollinator front provided 
by natural vegetation, in the far 
edge of the field. Placing hives 
along another side (for example, 
where people are standing) would 
confound rather than combine the 
effects of the treatments.
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IMPLEMENTATION MODALITIES AND INDEPENDENT VARIABLE RECORDING (REFER TO FIGURE 3.3)

DESCRIPTION OF IMPLEMENTATION ACTION NUMBERS REQUIRED

locateieldsinintensiveagriculturalarealocated>1kmfrom
closestpatchofnaturalhabitatwithoutsupplementationby
managed pollinators andields adjacent to patch of natural
habitat (≤ 200m)and introducemanagedpollinators along
sideofieldclosesttonaturalhabitat.

recorddistancetoclosestpatchofsemi-naturalhabitatand
stockingrateofintroducedpollinators(numberofcoloniesor
ofbeenestsorcocoonsperunitareaofstudyield)foreach
studyield.

5studyieldsofeachkind 
(totalof10ields)

select10ieldsinintensiveagriculturalarealocated>1km
fromclosestpatchofnaturalhabitatand10ieldsnearby(≤ 
200m)naturalhabitatorinlandscapedominatedbynatural
habitats. supplement half of each of these with managed
pollinatorsalongedgeclosesttonaturalhabitat.

record distance to closest patch of natural habitat and
stockingrateofintroducedpollinators(numberofcoloniesor
ofbeenestsorcocoonsperunitareaofstudyield)foreach
studyield.

Factorial design 
(5studyieldsforeachcombination 
oftreatment=>20studyields)

locate 5 long ields (> 450 m long) with a single side
perpendicular to its length adjacent to a patch of natural
habitat,soastohaveagradientofdistancesfromtheedge
of this patch across the ield. supplement these ieldswith
managedpollinatorsalongsideclosetonaturalhabitat.

recordthestockingrateofintroducedpollinators(numberof
coloniesorofbeenestsorcocoonsperunitareaofstudyield)
ineachield.inaddition,recordateachexperimentalsite(i.e.
eachlocationofmeasurement–seebelow)ineachstudyield,
thedistancetothepollinatorfront.

5ields>450mlong
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section5
LAYOUT OF 
EXPERIMENTAL SITES

once thepollination treatmenthasbeenselectedand the studyieldshavebeen located in

agreementwith the farmers, an experimental site will be established in each ield for data

collection(referbacktoFigure3.1forterminologyofstudyields,experimentalsites,recording

plots,etc.).inlongieldswithagradientofdistancestothepollinatorfront,severalsiteswill

beestablishedineachield.Forieldsthatarelargeenoughandplantedwithanherbaceous

crop,theexperimentalsitewillcoveranominalareaof50mx25malignedalongtherows

andsetinarepresentativeareaofeachieldfollowingabasicdesign(Figures5.1and5.2).For

cropsplantedinrows,itisbesttolaythisexperimentalsitealongtherowstomakeiteasierto

settheplotsfordatacollection(Figure5.1).Forieldslargeenoughthatarebroadcast-sown,

thelayoutofFigure5.1canalsobeusedwiththelongaxisofthesitealignedwiththelongest

axisoftheield.

Forields>450mlongforwhichthegoalistoobtainagradientofpollinatordensity,the

experimentalsitesshouldbesetperpendiculartothelengthoftheieldandatixeddistancesfrom

theedgewiththepollinatorfrontwith150mincrements(e.g.25,175and325mfromedge).

Forieldsthatarenotlargeenoughorwhentheshapeoftheielddoesnotallowforthe

establishmentofsuchanexperimentalsite–forexampleinthecaseofalongieldplantedon

aterracealongmountainside–thenthewholeieldwillbeusedasanexperimentalsite.

ontheotherhand,forverylargeields,theexperimentalsiteshouldbesethalfwaybetween

thegeometriccenteroftheieldanditsedgesoastorepresentan‘average’situationassuming

alineargradientofpollinatorsbetweentheedgeandthecenteroftheield.

Fororchardcrops,itisthetreeplantingpatternthatwilldictatethesizeoftheexperimental

siteasanarea50mx25mmaybefartoosmallandnotencompassbutasingletree.Byusing

thetreeastheindividualunit,ratherthanadistanceofroworanarea,itispossibletolayoutan

experimentalsitethatwillpermittheestablishmentofplotsfordatacollection(seenextpage).



30

S E C T I O N  5 .  L AY O U T  O F  E X P E R I M E N TA L  S I T E S

Finally, when the study ‘ield’ consists of a set of patches of plants of the focal crop

species–suchasforcucurbitsgrowninhomegardens(seeFigure3.7)–theexperimentalsite

willconsistofasubsetorallofthesepatches,theactualnumberofpatchesbeingadjusted

soastoenablethecollectionofdataoveranadequatenumberofsamplingunitsasindicated

inthenextsection.

asareminder,itisveryimportantthatthemanagementofallexperimentalunits(ieldor

plotorplant)beassimilaraspossible(exceptforthepollinatortreatment).thismeansthat

theyareplantedwiththesamecropvarietyatmoreorlessthesametime,aremanagedina

uniformfashionandreceivethesamelevelofinputs(fertilizer,weeding,pestcontrol,etc).

FiGUre5.2

LAYOUT OF THE EXPERIMENTAL SITE IN RELATION  
TO THE SIZE OF THE STUDY FIELD

FiGUre5.1

LOCATION OF THE EXPERIMENTAL SITE FOR DATA 
COLLECTION IN A STANDARD FIELD PLANTED WITH ROWS
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section6
POLLINATOR 
DEPENDENT VARIABLES 
AND DATA COLLECTION

insection4,thekindofdatathatshouldberecordedtocharacterizeeachstudyield(namely

thestockingrateofpollinatorunits,thedistancetotheclosestpatchofnaturalhabitat,and/or

theproportionofnaturalhabitatina1kmradiusaroundthestudyield),isindicatedforeach

treatment.thesewillprovidethevaluesoftheindependentvariablesthatareusedateachsite.

For each study ield, it will be essential to record all information deemed important to

characterizethisieldaswellasthecroppingsystemusedsoasbeabletojustifythatallora

subsetofthestudyieldscanvalidlybecomparedamongthemselves:ieldsize,soiltypeand

preparation,ieldimmediatesurrounding(hedgeborderingtheieldornot),fertilizerapplication,

plantingdate,geneticmaterial(variety,sourceofseeds),plantingdensity,plantingpattern(for

dioeciousandself-incompatiblespecies),listofmainweedspeciesinbloomandpercentsoil

cover of theseweeds at the timeof croplowering,mainmanagementpractices (irrigation,

pesticideapplications),andharvestingdate(seedatarecordingsheetinannex1).

evenwhenusingwellcontrastedtreatmentseitherbasedonpollinatorsupplementationor

landscapecontext,thereisnoguaranteethattheresponseonthecropwillmatchtheintensity

ofthetreatmentexactlyineitherpollinatorabundanceordiversity.Forthisreason,datawill

havetoberecordedonaregularbasistoassesstheimpactofthepollinatortreatmentonthe

abundance (pollinator density) and the diversity (species richness or broader categories) of

pollinators in the focal crop throughout itsmainbloomingperiod.the responseof thecrop

plantsintermsofproductionoutputwillthenhavetoberecordedtobeabletomeasurethe

effectsofthepollinatortreatment.
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DEPENDENT VARIABLES NUMBERS REQUIRED

pollinatordensity(pollinator/loralunit) pollinators (usually bees) /100 to 500 lowers or lowering
units depending upon the focal crop (lower size) and the
densityofopenlowers(scansampling)

pollinatordiversity(speciesrichnessorbroadercategories) pollinatorcatchalongixedtransectonthelowersofthefocal
crop(withinsectnet)

Agronomic yield productionperunitarea(expressedaskgofoutputandnumber
ofproduceunits–fruitsand/orseeds–perm2,acreorha)

Qualityofproduction any characteristics of the produce thatmay affect its price
andmarketability (e,g,averageweightor size for fruit such
asapple(Malus x domesticaBorkh)orseedssuchcashewnut
(Anacardium ocidentalel.);gradeforstrawberry;oilcontent
andoilqualityforseedfromoilseedcrops;germinationrate
forplantingseeds)

Economic yield expressed in local currency; production per unit area
multiplied by the sale price paid to the producer per 
unitproduction

 

6.A DATA COLLECTION FOR MEASURING POLLINATOR DENSITY

these measurements should be recorded in the experimental sites only under good weather

conditionsforforagingbees:temperature≥15°c,lowwind,norain,anddryvegetation(Westphal

et al.2008).recordingsshouldbemadefromtheonsetofthemainbloomingperiod,thatiswhen

≥10%oftheplantshavestartedtobloomwithlowersatanthesis(thatiswithopencorolla).

pollinatordensitywillbemeasuredbyscansamplingaixednumberofopenloralunitsin

eachofthe4plotslocatedineachexperimentalsite(Figures6.1and6.2-seesymbolsforscan

sampling)andthedatawillberecordedinappropriatedatasheetsonatleast4datesduringthe

mainloweringperiod(annexes2,3,4and5).Fororchards,aplotwillconsistofatleast2trees

(annex3),andwhenapollenizervarietyispresent,aplotwillconsistofatleast2treesofeach

type(annex4).Whenthereisnoplot,therequirednumberoflowerswillbesurveyedoverthe

wholeexperimentalsite-thatis,ontheselectedpatchesofplants(annex5).

the recordings will be done by scan sampling as there is no duration attached to the

observationsbutratheraninsectwillberecordedornotdependingonwhetheritispresentat

thetimeagivenlowerisirstseen.scansamplingwasselectedbecauseitprovidesthemost

reliablewaytoassesspollinatordensityonlowers(levinet al.1968).thissamplingwillbe

donebywalkingslowlyalongasetpath,inbetweenrowswhenrowsarepresent,andrecording

thenumbersofpollinatorsseenwhenlookingatindividualloralunitsonebyoneinsequence

(Figure6.4).theterm‘loralunit’isusedheretomeananindividuallowerwheneverpractical.
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Wheneverindividuallowersaretoosmallortootighttogethertobeobservedoneatatime,the

loralunitwillbeaninlorescencelikealowerheadforcropswithatightinlorescencesuchas

sunlowers(Helianthus annuusl.)orbuckwheat(Fagopyrum esculentumMoensch)orevenaloose

paniclesuchascashewnuttreesormangotrees(table6.1).thenumberofloralunitstoscanin

eachplotwillbesetatthestartoftheexperiment.however,itshouldbeadjustedbasedonthe

densityofloralunitssothatitdoesnottakemorethan15minutestoscanaplotandshould

alsobeadjustedtotakeintoaccountthesizeandrelativeattractivenessoftheloralunitsto

avoidhavingtoomanynullvalues.Forexample,forlargenectariferouslowerssuchasthoseof

cotton(Gossypium hirsutuml.),passionfruit(Passiflora edulissims)orpumpkin(Cucurbita maxima 

Figure6.1

SAMPLING LAYOUT TO MEASURE POLLINATOR ABUNDANCE AND DIVERSITY

Sampling should be carried out under good 
weather conditions for pollinator foraging: 
Sunny if possible, low wind, vegetation dry, 
and daily maximum temperature > 15°C.

[covariable recordings in brackets]

scansamplingtomeasurepollinatordensity(plotno.iwith
100to500lowersdependingoncrop)

netcapturestomeasurepollinatordiversity(subunitno.j of 

astandardizedtransectconsistingofsix25-mlongsubunits
forinsectscaptureovera2-mwidthfor5minutes)

[plottorecordthenumberofopenlowerstoassessloral
mass[1mofrow(cantaloupe,ieldbean,strawberry)orin
0.5m2area(buckwheat,mustard,rape)]
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duch.),thescanof100lowersperplotusuallyprovidesreliableestimates(annex5).itisalso

thecaseforthelargeinlorescencesuchasthoseofmangotreesorsunlowers,andforcropswhich

oftenhavefewopenlowersperplantonagivendayevenatpeakbloomsuchasFrenchbeans

(Phaseolus vulgarisl.),orstrawberry(Fragaria ananassaduchesneexrozier)(annex3).Forcrops

withsmallerandmoreabundantlowerssuchasappleandcantaloupes(Cucumis melol.)aswell

assmallerinlorescencesuchasthoseofbuckwheat(Fagopyrum esculentumMoench.)200to250

loralunitsperplotareusuallyneeded(annexes2and4).Finallyforcropswithsmalllowerssuch

asthoseofmostBrassicaceaelikecanola(Brassica napusl.)ormustard(Brassica campestrisl.),

thenumberofloralunitsscannedperplotshouldbeincreasedto400or500toavoidtoomany

zerovalues.pollinatordensitywillberecordedinreferencetoaixednumberofloralunitsat

anthesisratherthanaixedareaorlengthofrowsoastotakeintoaccounttheleveloflowering

andalsobeabletodrawmanagementrecommendationssubsequentlybylinkingpollinatordensity

onaperlowerbasiswithproductionresults.

Figure6.2

LAYOUT OF SAMPLING AREAS TO MEASURE POLLINATOR DENSITY AND DIVERSITY IN SMALL FIELD WITH 
A BROADCAST-SOWN CROP (E.G. MUSTARD/RAPE OR BUCKWHEAT) 

scansamplingtomeasurepollinatordensity(plotno.iwith100
to 500lowers dependingon crop; if needed, plots tomeasure
lowerdensitycanbeplacedbeforethebeginningoftheseplots)

netcapturestomeasurepollinatordiversity.(subunitno.j of a 

standardized transect consisting of six 25-m long subunits for
insectscaptureovera2-mwidthfor5min(subunits1and5are
thesamewith15minminimuminbetweentheirsurveying;idem
forsubunits3and6)

[plottorecordthenumberofopenlowerstoassessloralmass
of0.5m2area]

Sampling should be carried out under good 
weather conditions for pollinator foraging: Sunny 
if possible, low wind, vegetation dry, and daily 
maximum temperature > 15°C

[covariable recordings in brackets]
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Figure6.3

SAMPLING LAYOUT TO MEASURE POLLINATOR ABUNDANCE AND DIVERSITY IN AN ORCHARD WITHOUT 
POLLENIZER TREES 

inpracticalterms,thismonitoringwillbedonebyanobserverwithtwohandcounters,onein

eachhand,whoscansthelowersthatarewellexposedaswellasthosethatmaybesomewhat

hidden(Figure6.4).Fororchardtrees,dependingontheirheight,theuseofbinocularsmightbe

usefulsoastobeabletoidentifythebroadcategoriesofforagersinallpartsofthetrees.itis

essentialthattherebenobiasresultingfromtheobserverinrecordingpollinatordensityincontrol

versustreatedieldsorwhenmovingalongapotentialgradientofpollinatordensity.tothisend,the

sameobservershoulddotherecordinginallthestudyieldsofagivenfocalcropinagivenlocation,

oronalltheplotsalongagradientwhenagradientdesignisused.Whenthisisnotpossibleand

severalobserversaredoingtherecording,theyshouldalternatebetweentheieldswiththedifferent

treatmentssoastoevenoutanydifferenceduetotheobserver.onehandcounterwillbeusedto

recordthenumberofobservedloralunitswhiletheothercounterwillbeusedtorecordthenumber

ofpollinatorsseenintheseloralunits.ifpossible,thisbasicmethodcanbereinedbyusingseveral

handcounterstorecordseparatelydifferentpollinatorgroupswhentheseareofparticularinterest

scansamplingtomeasurepollinatordensity(plotno.iwith
100to500lowersorpaniclesdependingoncrop)

netcapturestomeasurepollinatordiversity.(subunitno.j 
ofastandardizedtransectconsistingofsixpairsofadjacent
treesforinsectcapturefor5minutesperpair)

Sampling should be carried out under good 
weather conditions for pollinator foraging: Sunny 
if possible, low wind, vegetation dry, and daily 
maximum temperature > 15°C
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Figure6.4

METHODOLOGY FOR RECORDING POLLINATOR DENSITY

Pollinator abundance should be measured by scan sampling: walking 
slowly along a set path, in between rows when rows are present, and 
recording the numbers of pollinators seen when looking at individual 
floral units one by one in sequence. The recorder scans the flowers 
that are well exposed as well as those that may be somewhat hidden 
while holding two hand counters, one in each hand. One hand counter 
will be used to record the number of observed floral units while the 
other counter will be used to record the number of pollinators seen 
in these floral units. 

forthefocalcrop(e.g.annex5:thedatasheetforrecordingpollinatordensityinnepalonsquash

lowershasdifferentcolumnstorecordseparatelyWesternhoneybees,easternhoneybees,bumble

bees,andotherwildbees,whilesyrphidliesandotherpollinatorshavebeenpooledunderasingle

‘other’columnbecausetheyareknowntobeoflowerpollinationeffectiveness).thesemeasurements

shouldbetakenonceonasamplingdayfollowingarotatingscheduleamongstasetoftwotofour

ixedtimesperday(e.g.1000h,1200h,1400hand1600hlocaltimeforapplelowers).the

ixedtimeswilldependuponthelengthoftheperiodofanthesisofthefocalcroplowersandthe

periodwhenpollinatorsareactive.Forsquash(Cucurbita pepol.)andpumpkin(Cucurbita maxima 

duch.)lowersthatwiltbynoonandsometimesearlier,itisusuallynotpossibletogobeyondtwo

recordingperiodsperday(annex5),whileforlowersthatstayopenandarevisitedoverthewhole

dayandwhichareeasilyscanned,suchascantaloupeandmangolowers,recordingscanbedone

overfourperiodsduringaday–(annexes2and3).applelowersusuallydonotopenveryearlyand

sotheirscanningcanbedoneonlytwiceduringtheday(annex4).inallcases,thestandardtime

closesttothesolartimeshouldbeusedsoastohavecomparableresultsamongcountries.
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table6.1

CHOICES OF FLORAL UNIT FOR MEASURING POLLINATOR DENSITY

The term ‘floral unit’ is used here to mean an individual flower whenever practical. Whenever individual flowers 
are too small or too tight together to be observed one at a time, the floral unit will be an inflorescence like 
a flower head for crops with a tight inflorescence such as sunflowers (Helianthus annuus L.) or buckwheat 
(Fagopyrum esculentum Moensch) or even a loose panicle such as cashew nut trees or mango trees. Examples 
of appropriate choices for the floral unit by crop are given in the table below

CROP APPROPRIATE FLORAL UNIT

apples,Melon,orsquash
sunlower

cashew,Mango
Mustard

individuallowers
compoundlowerhead
loralpanicles
inlorescences
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eachstudyieldwillbemonitoredonlyonceonarecordingday,butthetimeofrecording

ofpollinatordensitywillchangeamongthedifferentieldsoneachdateofrecordingsothat

everystudyieldhasitspollinatordensityrecordedatleastonceoveralltimeperiodsduring

its blooming season. For this reason, the interval between two consecutive recordings will

varydependingupontheloweringphenologyofthecrop.Fordeterminatecropswithashort

lowering cycle that lasts only 10 to 15 days such as apple trees, for example, bee counts

shouldbedoneevery3to4days,whileforindeterminatecropssuchascottonormustard,bee

countscanbedoneonaweeklybasissoastocoverthewholeloweringseason.thiscounting

frequencyshouldalsobeadjustedbasedontheweathersincebeecountscanonlybemade

whenevertheconditionsareadequateforbeeforaging(maximumdailytemperature≥15°c,low

windandnorain,andcropplantsdry).

6.B DATA COLLECTION FOR MEASURING POLLINATOR DIVERSITY

theserecordingswillbemadewithaninsectnetrightaftertherecordingofpollinatordensity

inasmuchaspossibleandtheyshouldalsobeconductedintheexperimentalsitesonlyunder

goodweather condition for foraging - that is, temperatures≥ 15°c, lowwind,no rain, and

dryvegetation(Figure6.5).Becausehoneybeescanbeveryabundantandtheirpresenceand

abundancewillberecordedwiththepollinatordensity,Apisbeescanbecaughtduringthenet

capturestoassesspollinatordiversitytomakesurethatare,indeed,Apisbees,buttheywill

notberecordedintheappropriatesheets.someexamplesofthesedatasheetsarepresentedin

annexes6and7foranherbaceousrowcropandannex8foranorchardcrop.

Figure6.5

COLLECTING POLLINATORS WITH A SWEEP NET

To assess pollinator diversity in herbaceous crops, 
insects visitors that are suspected to be effective 
pollinators (most commonly bees – Apiformes – 
and syrphid flies that are also called drone flies – 
Syrphidae) will be caught with insect nets along 
six 25 m long and 2 m wide transects over 5 
minutes each, for a total of 30 minutes per study 
field (Figures 6.2, 6.3 and 6.4; see symbols for 
net captures).



39

p r oto c o l  t o  d e t e c t  a n d  a s s e s s  p o l l i n at i o n  d e F i c i t s  i n  c r o p s :  a  h a n d B o o K  F o r  i t s  U s e

toassesspollinatordiversityinherbaceouscrops,insectsvisitorsthataresuspectedtobe

effectivepollinators(mostcommonlybees–apiformes–andsyrphidliesthatarealsocalled

dronelies– syrphidae)will be caughtwith insectnets along six25m longand2mwide

transectsover5minuteseach,foratotalof30minutesperstudyield(Figures6.1and6.2-see

symbolsfornetcaptures).inorchardcrops,insectsvisitorsthataresuspectedtobeeffective

pollinators,willbecaughtwithinsectnetsinsixplotsofapairofadjacenttrees(Figure6.3).

again,iveminutesofsurveyingwillbespentoneachplot,foratotalof30minutesperstudy

ield,and thesurveyingwillbedonebywalkingslowlyaroundeach tree.dependingonthe

heightofthetree,theuseofatelescopicnetorasmallladderintheieldmightbeusefulsoas

tobeabletosampletheforagersinallpartsofthetrees.

theinsectswillbekilledwithkillingjarsusingeitherpotassiumcyanideand/orethylacetate

(theformerkillstheinsectsveryquicklybutisdangeroustousewhilethesecondtakesmore

time,buthastheadvantageofmakingthebeespulltheirtonguepriortodeathandtongue

lengthandcharacteristicsareimportantcharacterstoidentifybees;itisalsopossibletousea

cyanidekillingjarwithafewdropsofethylacetateplacedontissuepaperinsidethejarsoas

tohavetheadvantagesofbothmethods).aftercapture,eachspecimenwillbemountedinthe

eveningfollowingcollectionor,ifavailable,placedinafridgefor24-28hourstogetridofthe

cadavericstiffnessandsubsequentlymounted.Mountingwillbedoneonpinsfollowingusual

entomologicalproceduresandeachspecimenwillreceiveatagwiththecollectiondate,exact

locationofcollection,focalcropnameandnameofcollectorasfollows:

22February2010 

KosiKatarmal 

Uttarakhand,india

onlowersofBrassica campestris

ranbeers.raWal

ifimmediatemountingisnotpossible,specimenswillbepooledbystudyieldanddateof

captureandplacedinasmalljaralongwiththetaginformationlistedabovewritteninsoft

pencilonasmallpieceofpaper.allsuchjarswillthenbestoredeitherinafreezerat-20°cor

in70percentethanoluntiltheycanbemountedadequately.Freezerstorageshouldbepreferred

ifatallpossibleasspecimensstoredin70percentethanolneedaspecialproceduretodrythem

andmounttheminawaythattheycanbeidentiiedproperly(forfurtherhelponthis,seethe

videosonhttp://www.youtube.com/swdroegeandalsothepdFdocumentathttp://bio2.elmira.

edu/ieldbio/beemanual.pdf).
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oncemounted,specimenswillthenbeidentiiedtothespecieslevelifpossibleorelseat

leasttothesametaxonomiclevelasusedtorecordthedensityofinsectpollinators(annexes

2,3,4and5).Becausetaxonomicexpertiseonbeesisnotreadilyavailableinmostplaces,it

maybenecessarytosendthespecimenstovariousexperts.theprecisedataonthediversityof

non-Apispollinatorswillthereforeusuallynotbereadilyavailableafterspecimensarecaught

and initial analysesmay have to be done on the categories listed in the data sheet rather

thanonspeciesdiversity.itisnoteworthythatafurtherstepisnowavailableasakeytothe

bee families of the world is available on the internet (http://www.yorku.ca/bugsrus/BFoW/

images/introduction/introduction.html).thisresourceshouldbeusedasmuchaspossibleto

betterassessbeediversityinthe‘wildbee’category.allspecimensshouldbeproperlymounted,

curatedandstoredsafelytomakeareferencecollection(Figure6.6).

Figure6.6

INSECT COLLECTING AND LABELING

With respect to the sampling of pollinator diversity, it is important to maintain a properly curated and 
mounted collection of insect specimens. Mounting will be done on pins following usual entomological 
procedures and each specimen will receive a tag with the collection date, exact location of collection, 
focal crop name and name of collector.
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6.C DATA COLLECTION FOR COVARIABLES

covariablesarevariablesthatareusuallynotrelatedtotheindependentvariables,butwhich 

maycontributetoexplainthevaluesofthedependentvariablesandalsohelpintheinterpretation

andanalysesof the results.Bycollecting informationoncovariables, the investigatormay

gainamoreprecisepictureofthelevelandkeycharacteristicsofthepollinationserviceand

this iswhytheyarealso listedbelow.their recordingwilldependuponthetimeavailable

fortheexperiment,inparticularthelowerdensitymaybequitetimeconsumingtoassess,

but,togetherwithforagerdensitydata,itwillprovidesomeindependentassessmentofthe

characteristicsofeachieldintermsofoverallplantvigorandyieldpotentialaswellasoverall

cropattractiveness.

ifdeemedimportant,therecordingoflowerdensityneedstobedoneatthesametimeas

therecordingofthepollinatordensityanddiversitysothatthethreevariablescanberelatedto

assesstheoverallpopulationofpollinatinginsectsinthestudyield.thismeasurementisusually

bestdoneaftertheothertwoandwhenthelowersatanthesiscaneasilybedistinguishedfrom

budsaswellaswiltedlowers.Floweringunitsaredeinedhereaspreviouslyinsection6.aand

aloweringunitisconsideredatanthesiswheneveratleastoneofitslowerisatanthesis.From

thatdayon,aloweringunitisconsideredtobeatanthesisuntilallofitsconstitutivelowers

arewiltedandthereforenolongeratanthesis.Wiltingisoftennoticeablebytheclosingofthe

corolla(asincucurbitsandliguliloraeasteraceaesuchaschicoryCichorium intybusl.andlettuce

Lactuca satival.orthedroppingofthepetals(asinalmondPrunus dulcis(Mill.)d.a.Webb),

appleMalus domesticaBorkh.,kiwifruitActinidia deliciosa(a.chev.)c.F.liang&a.r.Ferguson,

rapeBrassica napusvar.napusl.,andstrawberryFragaria ananassaduchesneexrozier)though

insomespeciesthestigmacanremainreceptiveafterthecorollahasdropped(e.g.strawberry,

personalobservation).Wiltedlowersshouldnotbeincludedinthecount.itisnoteworthythat

insomespecies,mostnoticeablyasteraceaesuchassunlowersHelianthus annuus l.,thewilting

POSSIBLE COVARIABLES DETAILS

Flowerdensityorphenology:thenumberofloralunitsat
anthesis(withcorollaopen)perunitareaofstudyieldona
givendate(annexes9and10)

providesanassessmentofthequantityoflowerstobe
pollinatedandalso,togetherwiththesizeoftheieldand
thepollinatordensity,ameantoassessthetotalloralmass
present,thetotalamountofresources(nectarandpollen)
availabletopollinatorsonthestudyield,andthetotalsize
ofthepollinatorpopulationforagingintheield

ageoftrees(ordiameteroftrunkatgivenheight) assessmentoftheproductionpotential

Weatherconditions(includedinthedatasheettorecord
foragerdensity–seeannexes2,3,4and5)

impactonforagingactivityofpollinators
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ofthediscloretsisnotstraightforwardtoseeandoneusuallyconsidersthattheanthesisof

aheadisoverwhenalltherayloretshavetheirstigmaexposed(asteraceaeareprotandrous).

Forherbaceouscropsplantedinrowsandwhererowsarewelldeinedthroughouttheseason,

thenumberofloralunitsatanthesisisrecordedonplotsthatcoverasetlengthofrow.this

lengthvarieswiththeplantingdensityandtheloribundityofthecrop,butitisbestsetso

thatatpeakbloomthenumbersofloralunitsperplotcanberecordedwithin15minatmost

byatrainedobserver.thisusuallyamountsto1mofrowforcropssuchasstrawberriesFragaria 

ananassaduchesneexrozierandcantaloupesCucumis melol.,whileplotsof3to5mofrowcan

usuallyreadilybeexaminedincropslikecottonGossypium hirsutuml.andsunlowerHelianthus 

annuus l. thathavea lowloribundityor large inlorescences.Whenthe rowsareno longer

identiiableattheloweringstage,itisbesttorecordthenumberofloralunitsatanthesisin

theixedareaofasquareorcircularframe.Justasforthelengthofrow,thesizeofthisareawill

dependupontheplantdensityandthecrop-forsquash,aframeof1oreven2m2 is usually 

necessarytoavoidhavingtoomanynullvalues.Forcropswithmanysmallerlowerssuchas

buckwheatFagopyrumesculentumMoenchorrapeBrassica napusvar.napusl.,aframeof0.5m2 

isusuallylargeenough.

orchardtreesarearealchallengetoassesstheloralmassandthereisnoeasywaytosolve

it.Butforthesecrops,itisnotalwaysnecessarytohaveabsolutenumbersofloralunitsper

unitarea,andoftenarelativeassessmentoftheloweringstageiswhatisreallyimportant.the

recordingplotsareusuallymadeofasingleortwotrees(aproductiontreeandapollenizertree

forself-incompatiblespecies).ifbranchesareeasilyaccessible,theloweringmaybefollowed

overonemainbranchortwooneachtreeintheplot.ifthisisnotpossible,thenaphotograph

takenataixedspotcanbetakenontheoccasionofeachrecordingofpollinatordensityto

assesstheloweringinroughrelativeterms.

thelayoutoftheplotsorareaforquadratlocationtomeasurethelowerdensityispresentedin

Figures6.1and6.2.alsoanexampleofdatasheetstorecordthelowerdensityofanherbaceouscrop

andtheloweringphenologyofanorchardcropareprovidedinannexes9and10,respectively.
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SECTION 7 
PRODUCTION 
DEPENDENT VARIABLES 
AND SAMPLING UNITS

Manyvariableshavebeenusedtoassesstheimpactofpollinationleveloncropoutput.these

include variables related to pistil characteristics (e.g. number of conspeciic pollen grains

perstigma,numberofpollentubesperstyle,andtheproportionoffertilizedovules),tothe

initiation of fruits (e.g. fruit set and seed set), to agronomic yield expressed in weight or

numberofproduceperunitarea,andeconomicyieldexpressedasgrossornetreturnperunit

areainlocalcurrency.

7.A. AGRONOMIC YIELD

Yieldvariablesareusuallynotavailableuntilalonglagtimeafterloweringandmanyfactors

notrelatedtothepollinationlevelduringloweringcaninterferewiththeproductionoutput

andtherebyconfoundtheeffectsofthepollinatortreatment.alsoyielddataarenotalwayseasy

torecord.inparticular,plantswith indeterminateloweringmayrequirerepeatedharvesting

of themarketableproduceover thewholeproduction season (e.g. vegetables suchasgreen

bean Phaseolus vulgaris var. vulgaris l., eggplant Solanum melongena l., pepper capsicum

annuumvar. annuuml.), tomato Lycopersicon esculentum var.esculentumMill. and zucchini

Cucurbita pepol.,andalsosomefruitssuchasmangoMangifera indical.andstrawberryFragaria 

ananassa duchesneexrozier).also,forperennialcrops,theharvestshouldbemeasuredover

twoseasonstoavoidtheconfoundingeffectofalternatebearingondifferenttreesandorchards.

nonetheless,becausetheprotocolisaimedatgatheringdatameaningfulforfarmers,despite

theirshortcomingsyieldvariableswillbetheonlyonesconsideredhere.

asindicatedpreviously(Section2),cropplantscancompensateforpollenlimitationwith

longerloweringperiodsandgreaterlowerproduction.inaddition,fruitsetandseedsetcanbe

resource-limited,andtherebytheresultsobtainedbyincreasingpollinationlevelsonasubsetof
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lowersonaplantmayresultinlargerfruitandmoreseedsfromthoselowers,butnotgreater

overallproductiononaplantbasis(Knightet al.2005).asaconsequenceofthesetwoimportant

mechanisms, it is essential when considering agricultural output that the whole plant be 

used as the smallest sampling unit rather than individual flowers or a sample of flowers 

regardless how large. therefore, the proposed yieldmeasurements are based on the whole

plantassmallestsamplingunit,thatistheyieldwillbecalculatedonthebasisofasampleof

individualplants,asetofplotsorthewholeield.Foreach,theprosandconsareexamined

below.thoseapplyingtheprotocolcanselectthebestsamplingunitsfortheirfocalcropand

studyieldstomeasuretheagronomicyieldandthequalityoftheoutput,theonlyrequirement

beingthatthesamesamplingunitsbeusedinallstudyieldsinasmuchaspossible.

7.A.1 Individual plants

Pros and cons

>	naturalyieldunitfromafarmer’sstandpoint(especiallyfortrees).

>	Biologicalunit,relectinganintegratedresponsetothetreatment.

>	applicableinmixedcroppingsystems.

>	providesintraieldvariability(usablewithgradientwithinield).

< needsplantdensityatharvesttocalculateyield.

< doesnotcontrolforresourceallocationbetweenyearsunlessrecordedoverseveralyears.

< notpossibleforsomecropswhenplantsarehighlyintermingledatharvest(buckwheat,rape).

< variabilityamongplantsoftenverylarge.

< Mechanicalharvestusuallynotpossibleexceptforsometreecrops.

7.A.2 Recording plot (unit length of row or unit area of study field)

Pros and cons

>	Usefulwhenindividualplantsaretoointermingled(buckwheat,rape).

>	Byrecordingplotsize,resultaredirectlyexpressedinyieldunitsmeaningfulforfarmers.

>	amenabletomechanicalharvest.

>	providesintraieldvariability(usablewithgradientwithinield).

< Mayrequiremoreworkthanindividualplantsforharvesting.

< notapplicableinmixedcroppingsystems.
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7.A.3 Whole study field

Pros and cons

>	datacanoftenbeobtaineddirectlyfromfarmer.

>	directmeasurementofcommercialyieldoverthewholestudyield.

>	Meaningfulforfarmersandthepublic.

< Farmersmaybereluctanttoprovidedata.

< nomeasurementofintraieldvariability(notusableforgradientwithinield).

< Betweenieldvariabilitycaneasilyconfoundthelinktopollinationlevel(wateravailability;

fertilizer;pestcontrol).

From a practical standpoint, whenever possible, it is best to obtain the yield data from

individualplantsorfromplotsthatareagivenlengthofrow(e.g.araset al.1996,vaissière

et al.1984).Forinstance,inamelonCucumis melol.ieldwhereitisdificulttodistinguish

plants,theyieldplotcouldbetakenas2metersofarow.thelayoutforsuchsamplingunitsis

presentedinFigures7.1,7.2and7.3andsomeexamplesofdatasheetstorecordsuchdataare

providedinannexes11to14.Whenindividualplantsareharvestedasinmixedplantingsystems,

itisbesttoharvestadjacentplantsthatarelocatedinthesamegeneralareaastheproposed

plots(Figures7.1and7.2).ingeneral,itisbesttoharvestaminimumof2plantsperplot(e.g.

treesfororchardcrops)andupto10plantsormoreperplotsforherbaceousdeterminatecrops.

produceshouldbeharvestedwhenfullymatureandrightbeforecommercialharvest.

onceaproduceisharvested,itmaybepossibletomeasurequalitycharacteristicsofallor

asampleoftheproductionunitsiftime,budgetandavailabletechnologypermits.nospecial

protocolwillbeprovidedhereforthesemeasurementsastheywillclearlyvaryfromonecropto

another,beafunctionoftheanalyticaltoolsavailablelocallyfortheseanalyses,andmayalso

becontextspeciic,thatisdependentupontherequirementsofaspeciicmarket.Forexamplein

Kenya,thepodsofexport-graderunnerbeans(Phaseolus coccineusl.)mustbestraightshaped

andmeasurebetween24and27cm in lengthandanythingsmallerorbeyondthis range is

consideredareject.poorpollinationleadstomissingseedsresultinginsickle-shapedbeansthat

arenolongeracceptablefortheexportmarket.
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Figure7.1

LAYOUT OF YIELD PLOTS IN FIELD PLANTED WITH ROW CROP

Sampling should be carried out under good 
weather conditions for pollinator foraging: Sunny 
if possible, low wind, vegetation dry, and daily 
maximum temperature > 15°C

[covariable recordings in brackets]

Yieldplot(lengthof1to5mofrow,or5to10adjacentplants)

locationoFprevioUssaMples,FroMFiGUre6.1:

scansamplingtomeasurepollinatordensity(plotno.iwith100
to500lowersdependingoncrop)

netcapturestomeasurepollinatordiversity(subunitno.jof a 

standardized transect consisting of six 25-m long subunits for
insectscaptureovera2-mwidthfor5minutes)

[plottoassessloralmass]

50
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Figure7.2

LAYOUT OF YIELD PLOTS IN SMALL FIELD WITH A BROADCAST-SOWN CROP (E.G. MUSTARD/RAPE OR BUCKWHEAT)

[optional recordings in brackets]

Yieldplot(l1m2area,or5to10adjacentplants)locatedatleast
2mfromedgeofieldinasmuchaspossible

locationoFprevioUssaMples,FroMFiGUre6.2:

scansamplingtomeasurepollinatordensity

netcapturestomeasurepollinatordiversity

[plottoassessloralmass}
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examplesofdataonqualitythancanberecordedare:

 || For fruit and vegetable crops: average size (e.g. diameter, circonference, shape, weight;
Figures1.4,1.8,7.4and7.5),numberofilledseeds(e.g.apple;cucurbits),qualityofthe

leshconsumed(sweetness,lavor;e.g.withtomatohogendoornet al.2010).

 || Fornutcrops:averagesize(e.g.diameter,circonference,weight).
 || Foroilseedcrops:seedsize,oilcontent,qualityparametersoftheoil(Barbieret al.1967).

 || Forseedcropsforplanting:germinationrate,qualityparametersforseedindustry(Kevanand
eisikowitch1990).

7.B ECONOMIC YIELD

ifthepricepaidtotheproducerperproductionunitisknown,itmayalsobepossibletoassess

theyieldofeachharvestingunit(plant,plotorield)ineconomicterms,thatisexpressedin

localcurrencyoraninternationalstandard.

Pros and cons 

>	Meaningfulvariableforfarmersandconsumers.

>	Meaningfulforgovernmentandpolicymakers.

>	Mayassistfarmerstorecordproperdocumentation.

>	Mayalsoincludenon-marketvalues,e.g.nutritionalvalu.

< Farmersmaybeunwillingtosharethepriceatwhichtheysoldtheircrop.

< verycontextspeciic.

< canbeveryvolatilefromoneseasontothenext.

< lackofacceptedmethodology(interdisciplinary).

< linktopollinationdeicitmaybetenuousanddificulttoestablish.

< Usuallybeyondthecontrolofindividualfarmers.

if at all possible, the producer price should be obtained for the production of each study

ield soas toprovidesome inputdata for theeconomicanalysesof the impactofadopting

pollinator-friendlypractices.
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S E C T I O N  7 .  P R O D U C T I O N  D E P E N D E N T  VA R I A B L E S  A N D  S A M P L I N G  U N I T S

Figure7.3

LAYOUT OF YIELD PLOTS IN AN ORCHARD WITHOUT POLLENIZER TREES

©
 K
rs
it
in
e
Kr
ew
ek
a
ag
ro
ec
ol
og
y,
G
öt
ti
ng
en
,
Ge
rm
an
y

Figure7.4

IMPACT OF POLLINATION LEVEL ON STRAWBERRY QUALITY

Strawberries after open insect-pollination (left), passive self-pollination (center), and passive 
self-pollination plus 75 percent of the incident airborne pollen flow (right). Pollination can have a strong 
impact on agronomic yields and produce quality.

Yield plot (2 adjacent trees of the production variety),
locatedat least1 rowaway fromtheedgeof theorchard
inasmuchaspossible

locationoFprevioUssaMples,FroMFiGUre8:

scansamplingtomeasurepollinatordensity(plotno.iwith
100to500owersorpaniclesdependingoncrop)

netcapturestomeasurepollinatordiversity:
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25-m long subunits for insects capture over a 2-m width
for5min
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Figure7.5

IMPACT OF POLLINATION ON MARKET VALUE 

Because adequate pollination has a direct and positive effect on fruit size, symmetry and overall 
appearance, it is especially important for small farmers who sell their produce at a road stand as here 
nearby Nairobi in Kenya.
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section8
STATISTICAL ANALYSES

Withacompletelyrandomizeddesignwithonefactorwithtwolevels(e.g.Figure3.2),control

siteswithoutintroducedpollinatorswillhaveafactorvaluesetat0whileieldswithintroduced

pollinators using a ixed stocking rate will have a factor value set at 1. the values of the

dependentvariablesforthetwogroupswillthenbeeasilycontrastedusingusualone-wayanova

procedures.Whenpairsorblocksofieldsareused,similarmethodscanbeusedusingadapted

anovaprocedures.Whenafactorialdesignisusedforacombinationoftwotreatments(e.g.

Figure3.3),atwo-wayanovashouldbeusedsoastobeabletotesttheeffectofinteraction

betweenthetwofactors.

thiswillprobablynotbe sowith thedistance to theclosestpatchofnaturalhabitator

theproportionofnaturalhabitatina2kmradiusaroundeachstudyieldasthosevaluesare

continuousandwillprobablyvaryfromieldtoieldalongagradientsothatregressionanalyses

maybemoreappropriatetoanalyzetheresultsofthelandscapetreatments.

Forlargeieldswithagradientofdistancesfromthepollinatorfront,anovawithcontrasts

or regressionmethods shouldbeuseddependingon thenumberofdistances set fromthe

pollinatorfront.

inallcases, itwillalsobeof interest to lookat thecorrelationbetweenforagerdensity

anddiversityononehandandtheyieldvariablesontheother,asinhoehnet al.(2008).this

willbeespeciallyimportantindrawingappropriatemanagementconclusionsfromthestudies

conductedusingtheproposedprotocol.



51

p r oto c o l  t o  d e t e c t  a n d  a s s e s s  p o l l i n at i o n  d e F i c i t s  i n  c r o p s :  a  h a n d B o o K  F o r  i t s  U s e

section9
GENERAL CONCLUSIONS

thepresentprotocolwasdevelopedforusebythesevencountriesintheGeF/Unep/Faoproject

on the “conservation andManagement of pollinators for sustainable agriculture through an

ecosystemapproach“:Brazil,Ghana,india,Kenya,nepal,pakistan,andsouthafrica.itisby

nomeansmeanttoberestrictedtothesecountries.indeed,thisprotocolhasbeendeveloped

soastoencompassthelargestarrayofcropsandsituationspossible.itisanticipatedthatit

canbeusedoverawiderangeofcropsandinmanycountriessothatitbecomespossibleto

betterdocumentthepollinationsituationforasmanyanimal-pollinatedcropsaspossibleona

worldwidebasis.itisthereforehopedthatmanypeoplewillindthisprotocolusefulandwill

adoptitandsharetheirexperiencewithitinreturnandprovidefeedbacksoastoimproveit.

thisprotocolcanbedownloadedforfreeonthewebsiteat

 http://www.internationalpollinatorsinitiative.org/jsp/documents/documents.jsp;

adiscussionforumontheuseofthisprotocolisavailableat

 http://www.fao.org/agriculture/crops/core-themes/theme/spi/gppp/gppp-home/en.

Finally,itshouldbestressedthatthisprotocolisaimedtoaddresspollinationasaproduction

factoratthefarmscalelevel.assuch,oneshouldalwaysrememberthat,asaproductionfactor

in its own right, pollinationmanagementneeds to be fully integrated into theoverall farm

managementsystemtooptimizeproductioninaholisticandsustainableway.
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ANNEX 1:  DATA SHEET TO RECORD MAIN CHARACTERISTICS OF STUDY FIELD

POLLINATION DEFICIT ASSESSMENT STUDY  – FIELD CHARACTERISTICS

COUNTRY: SITE : YEAR :

FIELD NUMBER COMMON NAME OF FOCAL CROP

FIELD LOCATION & SURROUNDINGS

 (GPS COORDINATES) LONGITUDE LATITUDE ALTITUDE (M)

TOPOGRAPHICAL SITUATION    (HILL TOP, ON 
SLOPE, VALLEY BOTTOM, PLATEAU,…)

TYPE OF HOLDING 
(SMALL FARMER OR LARGE FARM) SOIL TYPE

SOIL PREPARATION

HEDGE SUROUNDING THE FIELD YES / NO

DISTANCE OF FIELD  TO CLOSEST PATCH OF 
NATURAL HABITAT 

(M ; PATCH  > 0.4 ha = 1 ACRE IN SURFACE) 

FOCAL CROP

SPECIES SCIENTIFIC  NAME

PRODUCTION VARIETY 

VARIETY POLLENIZER IF PRESENT  (FRUIT TREES) 

CULTURAL PRACTICES

PLANTING DATE PLANTING DENSITY (# PLANTS OF THE FOCAL CROP /UNIT AREA)

TYPE OF PLANTING   ROWS / BROADCAST / RANDOM * TYPE OF STAND   MONOCULTURE  / MIXED PLANTING*

DISTANCE BETWEEN ROWS (M) DISTANCE AMONG PLANTS WITHIN ROWS (M)

* CROSS ITEM THAT DOES NOT APPLY

MAIN PLANT SPECIES IN 
THE HEDGE

FIELD SIZE (HA OR ACRE) & 
APPROXIMATE DIMENSIONS

RATIO OF POLLENIZER TREE / PRODUCTION TREE 
(FOR DIOECIOUS CROPS & FRUIT TREES)

ORIGIN OF SEEDS OR SEEDLINGS (GRAFTED ?) 

sheetnUMBer____
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ANNEX 2: DATA SHEET TO RECORD POLLINATOR DENSITY ON PLOTS OF AN HERBACEAOUS CROP

Densit y of insect pollinators in o pen pollinated flowers  (scan sampling)

COUNTRY: BRAZIL SITE : PETROLINA FOCUS CROP : CANTALOUPE (Cucumis melo) YEAR :

NUMBER OF FLOWER VISITORS
RECORDING CONDITIONS HONEY BEES OTHER BEES

Field 
number & 
size (ha)

TREATMENT
Date & 

observer
Recording 

number Time at start Period Weather conditions
Plot 

number

Number 
flower 

observed

Apis 
mellifera

Bumble 
bees other wild bees

1 to 10

Honey bee 
colony nearby 

present / 
absent*

1, 2, 3, 4
1000 h, 1200 h, 
1400 h, 1600 h

Morning or 
Afternoon

Sunny, overcast, wind 
level (instantaneous 

temperature if 
available)

1 or 2 
or 3 or 

4

scan sampling  : the insect(s) must be present at the very 
time when the inside of the flower is first seen

* Indicate the number of colonies of Apis mellifera nearby the study field & whether these colonies were present or introduced at onset of flowering

1 200

2 200

3 200

4 200

1 200

2 200

3 200

4 200

1 200

2 200

3 200

4 200

OTHER 
(including 
drone flies 
Syrphidae)

Remarks

0  
prior to 
colony 
introdu
ction (if 
applica

ble)

1

2

sheetnUMBer____
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Densit y of insect pollinators in o pen pollinated flowers  (scan sampling)

COUNTRY: GHANA SITE : FOCUS CROP : YEAR :

PRODUCTION VARIETY : NUMBER OF FLOWER VISITORS

HONEY 
BEES

Orchard 
number & 
size (ha)

Location TREATMENT

MEAN DISTANCE OF 
TREES IN 

EXPERIMENTAL 
PLOT TO 

POLLINATOR FRONT

Date & 
observer

Recording 
number

Time at start Period Weather 
conditions

Plot number  
(2 adjacent 
trees  / plot)

Number of 
inflorescenc

e with  1 
open flower  

surveyed

Apis 
mellifera

Stingles
s bees

other wild 
bees 

(including 
carpenter 

bees)

OTHER 
(including 

wasps) Remarks

1 to 5

Honey bee 
colonies present 

or brought  or 
not*

m

0  Prior to colony 
introduction (if 

applicable), 1, 2, 3, 
4

0800-1000 h, 
1000-1200 h, 
1200-1400 h,    

or 1400-1600 h

Morning 
or 

Afternoon

Sunny, overcast, 
wind level, 

(intantaneous 
temperature if 

1 or 2 or 3 
or 4

scan sampling  : the insect(s) must be present at the 
very time when the flower is first seen

* Indicate the number of colonies of Apis mellifera nearby the study orchard & whether these colonies were present or introduced at onset of flowering

1 100

2 100

3 100

4 100

1 100

2 100

3 100

4 100

1 100

2 100

3 100

4 100

1 100

2 100

3 100

4 100

MANGO ( Mangifera indica)

RECORDING CONDITIONS OTHER BEES

FLIES 
(Syrphidae 
& others)

60

210

360

510

sheetnUMBer____
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COUNTRY: INDIA SITE : FOCUS CROP : YEAR :

Orchard 
number & 
size (ha)

Location TREATMENT
Date & 

observer
Recording 

number
Time at 

start Period Weather conditions Tree type*
Plot number  
(2 adjacent 

trees  / plot**)

Number of 
open flowers 

surve yed

Apis 
cerana

Apis 
mellifera

Bumble 
bees

other 
wild 
bees

OTHER
Remarks

1 to 10
Honey bee 

colonies brought  
or present or not*

1, 2, 3, 4
1000–1230 h 

or 
1330–1600 h

Morning or 
Afternoon

Sunny, overcast, wind 
level, (intantaneous 

temperature if available)

1 or 2 or 3 or 
4

* Indicate the number of colonies of Apis cerana and/or Apis mellifera nearby the study orchard & whether these colonies were present or introduced at onset of flowering

scan sampling  : the insect(s) must be present at the very time 
when the flower is first seen

DRONE 
FLIES 

(Syrphidae)

Densit y of insect pollinators in o pen pollinated flowers  (scan sampling)

MOHAL, KULLU APPLE (Malus x domestica)

NUMBER OF FLOWER VISITORS
RECORDING CONDITIONS HONEY BEES OTHER BEES

production 1 250

pollenize r 1 250

production 2 250

pollenize r 2 250

production 3 250

pollenize r 3 250

production 4 250

pollenize r 4 250

production 1 250

pollenize r 1 250

production 2 250

pollenize r 2 250

production 3 250

pollenize r 3 250

production 4 250

pollenize r 4 250

0  
prior to 
colony 
introdu
ction (if 
applica

ble)

1
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Densit y of insect pollinators in o pen pollinated flowers  (scan sampling)

COUNTRY : NEPAL SITE : CHITWAN, TERAI FOCUS CROP : SQUASH (Cucurbita moschata) YEAR :

NUMBER OF FLOWER VISITORS
RECORDING CONDITIONS HONEY BEES OTHER BEES

House
Pollinator 
treatment*

Date & 
observer

Recording 
number Time at start Period Weather conditions

Number of  
flowers 

observed

Apis 
cerana

Apis 
mellifera

Bumble 
bees

other wild 
bees

Remarks

House with  
honey bee 

colony 
present  or 

absent*

1, 2, 3, 4
0800–1000 h or 

1000–1200 h
Early morning 

or late morning

Sunny, overcast, strong 
wind (instantaneous 

temperature if available)

(staminate and 
pistillate flowers 

observed 
together)

scan sampling  : the insect(s) must be present at the very 
time when the inside of the flower is first seen

* Indicate the number of colonies of Apis cerana and/or Apis mellifera nearby the study orchard & whether these colonies were present or introduced at onset of flowering

1 100

2 100

3 100

4 100

100

100

OTHER 
(including 
drone flies 
Syrphidae)
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Diversit y of non- Apis insect pollinators in o pen pollinated flowers  (sweep net captures)

COUNTRY: INDIA SITE : KOSI KATARMAL FOCUS CROP : MUSTARD (Brassica campestris) YEAR :

RECORDING CONDITIONS TYPE (SPECIES) & NUMBER OF SPECIMENS PER TYPE
BEES OTHER THAN HONEY BEES

Field 
number & 
size (ha)

Location TREATMENT
Date & 

observer
Recording 

number Time at start Period Weather conditions
Transect 
number 
in a da y

Bumble bees 
(Bombus spp.) other wild bees

DRONE FLIES 
(Syrphidae)

OTHER
Remarks

Valley, 
mid-

mountain, 
hill top

Honey bee 
colonies nearby 

present / 
absent*

1, 2, 3, 4
1000–1200 h   

or     
1400–1600 h

Morning or 
Afternoon

Sunny, overcast, strong 
wind (instantaneous 

temperature if available)
1, 2, … 6

Flower visiting insects that are likely pollinators caught by sweep net over a 5 
minute period along a 25 m transect within or along side the field with a total of 

6 transects

* Indicate the number of colonies of Apis cerana and/or Apis mellifera nearby the study field & whether these colonies were present or introduced at onset of flowering

1

2

3

4

5

6

1

2

3

4

5

6

1

0  
prior to 
colony 
introdu
ction (if 
applica

ble)
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Diversit y of non- Apis insect pollinators in o pen pollinated flowers  (sweep net captures)

COUNTRY: INDIA SITE : MOHAL, KULLU FOCUS CROP : APPLE (Malus x domestica) YEAR :

RECORDING CONDITIONS TYPE (SPECIES) & NUMBER OF SPECIMENS PER TYPE
BEES OTHER THAN HONEY BEES

Orchard 
number & 
size (ha)

Location TREATMENT
Date & 

observer
Recording 

number Time at start Period
Weather 

conditions

Plot number  
(2 adjacent 

trees  / plot**)
Bumble bees other wild bees

DRONE 
FLIES 

(Syrphidae)

OTHER

1 to 10
Honey bee 

colonies brought 
orpresent or  not

1, 2, 3, 4
1000–1230 h 
or 1330–1600 

h

Morning or 
Afternoon

Sunny, overcast, 
strong wind 

(Temperature if 
available)

1, 2, … 6
Flower visiting insects that are likely pollinators caught by sweep net over a 5 minute 
period on 2 adjacent trees within experimental site or along side for small orchards; 

one recording of 5 min should focus on two pollenizer trees (indicated in grey)

* Indicate the number of colonies of Apis cerana and/or Apis mellifera nearby the study orchard & whether these colonies were present or introduced at onset of flowering

1

2

3

4

5

6 (pollenizer)

1

2

3

4

5

6 (pollenizer)

0  
prior to 
colony 
introdu
ction  

(if 
applica

ble)

1
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Diversit y of non- Apis insect pollinators in o pen pollinated flowers  (sweep net captures)

COUNTRY: GHANA SITE : FOCUS CROP : MANGO (Mangifera indica) YEAR :

RECORDING CONDITIONS TYPE (SPECIES) & NUMBER OF SPECIMENS PER TYPE
BEES OTHER THAN HONEY BEES

Orchard 
number & 
size (ha)

Location TREATMENT

MEAN DISTANCE OF 
TREES IN 

EXPERIMENTAL 
PLOT TO 

POLLINATOR FRONT

Date & 
observer

Recording 
number Time at start Period

Weather 
conditions

Plot 
number  (2 
adjacent 

trees  / plot)

Stingless bees other wild bees

Flies 
(including 
drone flies 
Syrphidae)

OTHER 
(including 

wasps) Remarks

1 to 5

Honey bee 
colony 

brought  or 
present or 

not*

m

0  Prior to 
colony 

introduction (if 
applicable), 1, 2, 

3, 4

0800-1000 h, 
1000-1200 h, 
1200-1400 h,    

or 1400-1600 h

Morning or 
Afternoon

Sunny, overcast, 
strong wind 

(Temperature if 
available)

1, 2, … 6
Flower visiting insects that are likely pollinators caught by sweep net 
over a 5 minute periodon two adjacent trees within the experimental 

site or along orchard for small units 

* Indicate the number of colonies of Apis mellifera nearby the study orchard & whether these colonies were present or introduced at onset of flowering

1

2

3

4

5

6

1

2

3

4

5

6

60

210
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Flower densit y (number of open flowers per unit area) & flowerin g phenolo gy

COUNTRY: INDIA SITE : KOSI KATARMAL FOCUS CROP : BUCKWHEAT (Fagopyrum esculentum) YEAR :

Field 
number & 
size (ha)

Location TREATMENT Date & 
observer

Recording 
number

0.5 m2 

quadrat 
number

Number of 
inflorescence with 
1 open flowers per 

quad rat

Recording 
number

0.5 m2 

quadrat 
number

Number of 
inflorescence with 
1 open flowers per 

quad rat

1 to 10
Mountain 

top

Honey bee 
colony nearby 

present / 
absent*

1, 2, 3, 4 1, 2, 3, 4

* Indicate the number of colonies of Apis mellifera nearby the study field & whether these colonies were present or introduced at onset of flowering

1 1

2 2

3 3

4 4

1 1

2 2

3 3

4 4

1 1

2 2

3 3

4 4

Remarks

3

4

0  
prior to 
colony 
introdu
ction   

(if 
applica

ble)

Remarks

2

1
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Flowering phenology

COUNTRY: INDIA SITE : MOHAL, KULLU FOCUS CROP : APPLE (Malus x domestica) YEAR :

Orchard 
number & 
size (ha)

Location TREATMENT Date & 
observer

Recording 
number

Tree type*
Plot number  
(2 adjacent 

trees  / plot*)

Branch 
number in 
each tree**

Total number of flower buds on 
branch (to be recorded only once at  

or prior to onset of bloom)
Number of opened flowers on branch Remarks

1 to 10

Honey bee 
colony 

brought  or 
not*

1, 2, 3, 4
Indicate the  

variety
1 or 2 or 3 or 

4

** For pollenizer trees, use tree closest to the two production trees of the plot surveyed

** Select & tag one representative branch on each opposite side of each tree; each branch should be  large like about 2 thumbs at its base & record all buds & opened flowers on each branch at each reading

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

0  
prior to 
colony 
introdu
ction   

(if 
applica

ble)

1

production 4

production

pollenizer

production 2

pollenizer

pollenizer

production 3

1

2

4

pollenize r 3
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Yield data

COUNTRY: KENYA SITE : NANYUKI FOCUS CROP : FRENCH BEAN (Phaseolus vulgaris) YEAR :

YIELD COMPONENTS

Field number 
& size (ha)

Location TREATMENT Date harvest
plot number 

(length of row 
in m)

Number of plants 
harvested in the plot

Weight of fresh pods Number of fresh pods

1 to 10

(indicate 
large farms 

or small 
holder)

Close  or far  
from patch of  
natural habitat

g / plot

1

2

3

4

Remarks
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ANNEX 12:  DATA SHEET TO RECORD YIELD  OF INDIVIDUAL PLANTS OF AN HERBACEOUS CROP ON PLOTS WITH MIXED PLANTING

Yield data

COUNTRY: INDIA SITE : KOSI KATARMAL FOCUS CROP : MUSTARD (Brassica campestris) YEAR :

YIELD COMPONENTS

Field 
number & 
size (ha)

Location TREATMENT Date harvest
plot number 

(0.5 m2 

quadrat )

Number of 
plants 

harvestable in  
plot

Plant 
number

Number of pods per 
plant

Weight of seeds per 
plant

Number of seeds per 
plant

1 to 10
Mountain 

top / Plaine

Honey bee 
colony nearby 

present / 
absent*

g / plant

* Indicate the number of colonies of Apis cerana and/or Apis mellifera nearby the study orchard & whether these colonies were present or introduced at onset of flowering

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Remarks

1

2

3

4
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ANNEX 13:

Yield data

OUNTRY: INDIA SITE : MOHAL, KULLU FOCUS CROP : APPLE (Malus x domestica) YEAR :

YIELD COMPONENTS

Orchard 
number & 
size (ha)

Location TREATMENT Tree type* Date harvest & 
observer

Plot number  
(2 adjacent 
trees  / plot)

Tree number Number of fruits per tree Weight of fruits per tree Remarks

1 to 10

Honey bee 
colony 

brought  or 
not*

Indicate the  
variety 1 or 2 or 3 or 4 kg / tree

* Indicate the number of colonies of Apis cerana and/or Apis mellifera nearby the study field & whether these colonies were present or introduced at onset of flowering

1

2

1

2

1

2

1

2

1

2

3

4

Production 
variety
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Yield data

OUNTRY: GHANA SITE : Modest Step farm FOCUS CROP : MANGO (Mangifera indica) YEAR :

YIELD COMPONENTS

Orchard 
number & 
size (ha)

Location TREATMENT

MEAN DISTANCE OF 
TREES IN 

EXPERIMENTAL PLOT 
TO POLLINATOR FRONT

Tree type*
Date harvest & 

observer

Plot number  
(2 adjacent 
trees  / plot)

Tree number Number of fruits per tree Weight of fruits per tree Remarks

1 to 10

Honey bee 
colony 

brought  or 
not*

m
Indicate the  

variety 1 or 2 or 3 or 4 kg / tree

* Indicate the number of colonies of Apis cerana and/or Apis mellifera nearby the study field & whether these colonies were present or introduced at onset of flowering

1

2

1

2

1

2

1

2

Production 
variety

1

2

3

4

60

sheetnUMBer____





printedinitalyonecologicalpaper-January2011

design:studio@bartoleschi.com

© Fao2011



p o l l i n a t i o n  s e r v i c e s  F o r  s U s t a i n a B l e  a G r i c U l t U r e  •  F i e l d  m a n U a l s

extensionoF KnowledGe Base

protocoltodetectand

deFicitsincrops:
aHandBooKForitsUse

As a contribution to the International Pollinators Initiative, FAO and its partners have 

collaborated with INRA (Institut National de la Recherche Agronomique, a public research 

body of the French government) to develop a protocol for assessing and detecting if a 

crop production system is suffering a pollination deficit. This document thus presents 

a handbook for the application of the protocol, outlining the underlying concepts, the 

hypothesis to be tested, and the modification and application of the protocol to a 

variety of circumstances in developing countries, such as small fields, home gardens, 

and high environmental variability.

Food and Agriculture Organization of 
the United Nations   
Viale delle Terme di Caracalla, 

00153 Rome, Italy

www.fao.org/ag/AGP/default.htm

e-mail:Globalaction-pollination@fao.org

GLOBAL ACTION ON POLLINATION SERVICES 
                       FOR SUSTAINABLE AGRICULTURE

I
1

9
2

9
E

/
1

/
0

1
.1

1

pro
to
co
lto

d
etecta

n
d
a
ssesspo

llin
atio

n
d
eFicitsin

cro
ps:a

H
a
n
d
B
o
o
K
Fo
ritsU

se


