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\  ELLOW T\ND GREEN STICKY  TRAP  ATTRACTIVENESS

FOR GLASSHOUSE TVHITEFLY,

TRIALEURoDES \rÁP o RARIoRU}.Í
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.  INTRODUCTJON

Giasshouse \Yhitl.fly' Trialeurodes vaporarioru,,l (\Vestwood), tteing an {nrpórtant
..'s:i-touse pcst; is lery difficult to'control as its resistence to chemical preparátiorts
_.\\a.Vs increases: .Therefore, alternative' methods of protection such as biÓló.cical
r rnirol, plant breeding for resistance are appliertr,,.and moreover, control by means
.- :'r r'ilow stickv traps based on attractiveness to ytllow colour for glasshouse whitefly
r used. Unlike stereotyped application of chemical preparation this sort of control
--i:r ensure the safety of agricultural products kecping linE witb an cnvironmental
r l l iction in general.

-{s ear ly as l92 l  L loyd,  and Trehan (1941) paid attcnt ion to co lour percept ior l
. glasshouse whitefly. Only recently a great nunrber o[ reports dealin-e r'.'ith this

:: :bject  has appeared.  N'Íacdowa|| (|912),  Vaisharnpayan et  a l .  (1975 a,  b) ,
f  k b o m  ( 1 9 8 1 ) ,  C o o m b e  ( 1 9 8 1 ,  1 9 8 2 ) ,  K i t a k a t a  &  Y o s h i d a  ( 1 9 8 2 ) ,  A f f e l d t
-: el. (1983) studiecl the attractiveness to various colours as rvcll a\ tlreir hucs lbr

, . . hous r , 'wh i t e f l y .  Fo r  e . r amp le .  Webb  and  Sn r i t h  (1979) ,  \ ' a can te  anc l  Nuc i -
; .  r l l  ( l 9 | i 0 ) ,  B e r l i n g e r  ( l 9 8 0 ) '  V Í c C o r n t a c k  ( l 9 8 l ) .  Z l o b i r t a  a n t j  B c g l j a r o r '
I  : : ' l ) ,  N{ i tkov et  a l .  (1984) evaluated co lour t rap ef f ic iency.  NIc1, 'erd i rk:rnd
\ ]rlÍi.tlo (l984) shorved in Pqrabemi.sia ntyricae (Flomoptera: Aleyrorlidae) that the' 

,pe o[ prefelential a yellow sticky trap ltas no influence upon its irttractivencss.
Sbme rěsu|t.s reporteá concerning attiaction of various y.l lo'u colour hues are. 
:.rnd to be inconsistent. Likervise, there is rro e.rplanation Íor pre|crence oI yellorv

.  : rťen co lour.
Irr our e,rpcrinrents we a,inled, in particular,.to.l":ol'l}parc thc attractivcncss cr|-trvo

l -' lorv sticky traps. In one experimcnt thc attractiorr of ;-ellc.rrv and lrccn L'trlour uus
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also cotttparcd. In tlte discussiort there is an atternpt to account for a gruatcr attracti\c-
ness of -\'ellow o!cr green.

I I A T E R I A L  A N D  i \ I E T H O D

1.lte cxperitl lťtlts $.erL. conducted in glass|rouse of ca. 20(] nr: rvhcre totnato plants
tS*'edislr l1vbrid.cv:' lda Fr) using h1'droponics rvere gro\l 'n in rorvs arranged north-
-southrvards and I m apart. During the e.rperiment.s tomato plants rvere about 2.3 rn
high and u'ere stron-sly intested by glasshouse whitelly, the occurrence of rvhich rvas
gradually rising. Glasshouse tetnperatures were ranging fronr 20" to 30" C.

Tu'o types of commercially produced traps such as pale - vellorv plastic plate
(Czechoslovak production - Chenrika, Bratislava), deep - rellow cardboard bein-s
a part of the sel >>.Sot.ertt.orle< (Celanrerck), and green plastic p|ate rvere used íor
testing.'One side of all tl 're plates (to be easier handled) rvas sprayed by an adhesive
liomihe set Sol'eurode. Thó plates were unifornrly sizeá to be^25k1l.5cnr, ánd trvo
diflerent plates rvere positionecl in pairs near each other by theil longitudinal sides
and placed at the height o[2.0 m above the floor (Fi-u. l).

Both yellow hucs and thc green colour, were nleasurcd by means of thc devicc
S1rcctrogard co|or'.systerrr usirrg C.'.':sour'ce- i\{casureúspc.ctrat .ourvcs are illustrated
in Fi.Íl. 2. Calcul.t.teď natura{.'.coordinates of.c.olours,:l13.'given. in :I]ab. l.

Tab .  l .  
l

Natural  coorďnates of tested colours

Saturatiori
P e

; Wavele

j

I

velength of maximum I
reflectance r I

,l.a (nm) 
I-,; - 
i57e.82 
i

520.t2 |
I

I aotou. brighrnes. I

| 
(p). 

i

i- *'l
i  

0s64 
I

i 
0.242 

I

i d  í  i l i

0.763

0.81 8

0.149

im)

To calculate therrr. both data on spectral sensitivity of the human optic organ ancl
tlte spectral curve oťC - lunrinous soutce rverc involved. The platcs werc s'.ttri.t;.ans.
pnrent of which pale-yellow ones were approximately three-times more transpilent
than those being deep-yellorv.

S u r r c 1 ' o ť  t h e  e . r p e r i n r e n t s  c a r r i e d  o u t :
E.tpt,t,itttett| 1. Tclt paírs erťyellorv traps tl 'ere spacccl otrt midrra1. lretrvecn t()tl]ato

plurrt rrrrvs kc.-'pirrg spacines o[ trap pairs to be 3 rn. 
' l 'he 

traps *.crc cxposcd to glass-
house rvhitefly alighting fioni 10.00 a.-.m. on 8 July ti l l 10.00 a. nr. on l5 July, i.c.
for 168 h in total, therein 52 sunny hours. Baited trap sides lvere orientated south-
rvards.

Experinrcnt 2. .sinrilar to ,tire previ.crus experi.nrent. bul t.rilp-pairs were situatcd
alcr l tg two rt targ ina l  rorvs of  to lnato p lants with bai ted s idcs.d i rcctc 'd" inrvard 'Š,o
that firc trap pairs 11'1;19 1-1f ic1l[;ttcd crtstu'ards artd ltnothcr fir 'c pirirs rvcstu'urcls.
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Fig. 2;SpecÍral r,urves of tested colours

The traps were exposed to giassirouse whitefly alighting from 11.00 a. m. on 12
August t i l l  10.00 a.  m. on l6 August , i .e . for  95 h in tota l , there in 48.4 sunny hours.

E.t\lgyinlaú J. Simiiar to Exp' l, but trap pairs were spaced out in trvo paths with
baited sidc's directed northwards. They were exposed to glasshouse rvhitefly alíghting
from 10.00 a. m. on 29 August ti l l 10.00 a. m. on 30 August, i.e. for f4 h in total,
therein ó.l sunny hc.urs.

Esperiment 4. Eight pairs of yellow traps were positioned similarly' to Exp. 3.
' l 'hey 

rvere exposed to glasshouse whitefly alighting from 8.30 a. m. ti l l 14.00 p. m.
on l2 September, and out of 5.5 h as many as 5 h were sunny.

Experitnen| 5' Eight pairs o| yellow traps wer€ positioned similarly to Exp. 2.
Traps u'ere erposed to glasshouse ivhitefly alighting from 8.00 a. m. ti l l 11.00 a. ru'
on l7 Septernber (which was a cloudy day).

E-tperintent 6. Ten trap piars consisting of one -ereen and one pale-1'ellow platc
weť€ SPlIcc'd out sinri larly to Exp. 3. They were exposed to glasshouse whitefly
e l iu l ,s i1 l .  f rour I  l .0t)  u.  nr .  on 5 Septcmhcr t i l l  8 .00 a.  n ' r .  on (r  Septerntrcr .  i .  e .  2 l  l t ,
of  * l r ich .1.5 rvcre sunl l \ ' .

R E S I J  L T S

r\s ntr'ntir)nccl abovc'six experir.uents in total, using 56 cctlour traps. ircre carricd
out t i t r r i I t -g thc pcr iot l  l rortr  l i  J t r ly  t i l l  l7  Septerrrber,  l9 lJ5.4ó t r i rps w(.re presented
irl pairs oIpale..vellolv arrd dccp.yellcrw co|our (E.rps. t -5). In Exp. ó rhc pale.yc'l lorv
rvas corrh inet l  n ' i th srecrt  crr lot t r  in l0 t rap pairs .
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t 0

497
646
561

I ,036
496
428
4U)
422
657
265

541
1,067

569
939
493
605
500
4',13
545
229

t ,495
t , l 24
2,369
2,523
3,452
I , 3 t 9

677
I,266

614
568

5,UZ
5,743
6,584
5,179
4,666
5,572
5,556'1,494
7,0il
7,384

1,846
5,247.
4,134
4,124
1,257
5,245:
5,0e7
4,122
3,981
5,253

8,480
I,l 59
8,2t7
7,863
6,855
6,868
6,915
7,603

5,403
7,812
4,288
6,500
5,963
5,094
6,t00
4,551

4,460
3,435
2,308
4,258
2,502
3,555
5 , t  l 9
8,904

1,92'l
3 ,114

80Ó
3,228
2,50',1
t , 3 1 0
6,15'1
4.384

3,736
4,954
4, t )19
4,945
4,530
6,346
4,638
5,700
5,88i
7,069

''fi.)-

1 7 6
170
261
2 t 3
l(ll
l0.l
l 2
3 : l
152

908
1 , 1  l 7
1,467
3,1 65
I,998

908
879
547
634
442

f 'ab. 3.
Total sunr of whitcÍl ies in individuaI experintents

I
I
1l
i
i
I

d
i

5,963
15,407
60,63 r
60,960
34,541
52,722

52.4
56.08
57.45
) / . t )
59.52
96.20

'5,417
t?,065
44806

.45 ,7 t r
, 23,493

47.6:
43.9?.
42.55
42.85
40.48

3.80

o.oJr
0.005
0 . r .
0.0005

N)
(,r

Nunrbers of whiteflies on ir.rdividual traps
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. , \  t . l t l t l  t rť 36. ] . | i ! )7  . ! | i l s i ! r t ) t t sc  r r  l r i t . ; i ] i es  ! \ťre  c i ln tL l tťc l  t l r l  in t l i v i t l t l l l l  t I i l I s  dur in .g
t i l c  . ; i - t  U . \ p ! . I i l I l ť l ) t s .  l ' I t . . ' t t t t r r I [ . e r  t l i  i r t c | i r i t l t t l r l .  e l r l l t t t I ' c ( l  \ . , i l s  c l i r . c e t I y  p I opo r t í on i l
t r r  t l t c  g la :shLruse  wh i tc t ' l i c s  du 'ns i t - \ '  i r r  the  g lasshousc- .

l ' ab lo  2  q i r .es  nunrbers  o t ' the  insec ts  ceptn led  on a l l  o f  the  a la i l ab le  r raps  (10 or  S;
in  c r rch  o l  the  erper i rnents .  Tab lc '  3  . surnnr ; r r i zes  data  obt l ined in  i r rd iv i c l L ra l  expcr i -
Í )  l ť l l  t s .' l -w.r  -  t iLctor  anal , r , ' s is  of  scuttc-r i r rs  derrronstrated in threc f rom f ive expcr inrcnts
stetistically..significant pref-erence for pale-yellorv colour to deep yellorv. Also in
e.xpc'rinrents I ancl 2 pale-yellori colour was more attractive than deep-1'ellorv (thc
clítl.erence. how'ever, was not so significant. as the density of rvhitefl ies in the green.
hou.s,r '  hec l  not yc-t  cu lnr inated at  that t inre).  Tr i factor analys is  of  scatter ing oI a l l
the f i le  e. tpcr iments ( l  -5) sho*ed s i_uni f icant preference for  pa le- le l low colour
to deep-yellorr (z : 0.000-i).

Greett  co lot l r  of  t raps in Exp.  ó  appeared tc l  be 25.t in les less attract ive than pale-
-1'elkrrv (?-:0.0005). So there rvere substantially and significantly less number:; o[
glasshouse rvhitef1y ďighting on grl 'en plates thirn on those being pale.yellorv.

D I S C U S S  I O N

To objectir,c' ly nreasure the characteristics oť |ight in nlonochronlatic fi lterr; it is
possible to use the wavelength whereas it is found to be a much nrore complicated
problerrr to objectively n]easure the..'}ight reflecte<] by objects. The reflected light ís
conrposed by nreans o[ a spectral curve. Although it is possible to calculat-e and
characterize a real colour usinq natural coordinates such as wavelength of ma;<imum
retlectance. colour brightness and saturation, these values are not, however, of uni-
versal validit"v*, namely they are valid lbr human sense-perception only, so that is
'"vlry thev cannot srrbstitute the spectral curve. Nevertheless, a certain corÍ.elation
br'tween human and -slasshouse whitefly sight can be found as far as, e.g. real yellow
colours. is concerned. We suppose that it is of use to give the wavelen-gth of maxi-
rnunr reflectance but there is a need, horvever, to be alvare of its relativity.

i\,íitkov et al. (l984) observed tl le greatest co.lour attraction to deep-yellovy sticky
plat , - 's  (L,1 :5t i0 nm),  fo l lorved by those rv i th orange-yel lorv (/ .a:586 nm) and
thert  rv i th lemon-yel low colour (Lq :  574 nm).

ln our e.rper inrents the pale-ye l low plates ( l .o:574.S1 nm) rvere found to be
ll iL)re i]ttractive rather than deep-yellow ones (l..r : 579.82 nnr). Even theír increased
tritttslucetlcc nlay have contributed to a greatL.r ccllour attractiveness o[ our palř.
-rcllorv platr--s. especially during sunny days, rvith baitec'l side orientated northrvards.
Resul ts  reportcc l  by K i takata and Yoshida (191t2.1 are s inr i lar  to ours and they a lso
shorv u great inflr-rencc ol other characteristics, L'xcept for thc calculated rvavelength.
\\' ith colour bri-ehtness and saturation clecrc-asir.rg a decrease in coloirr lttrrctivcness
occttrred as u,e l l .  The br ightness Íactor rv i l l  p lay an in]portant ro le in the co lours
rL ' [)rest ' l l tcd b1.s i r r r i lar  Spectr i ] l  cuťves.  PresLtntabl l ' ,  thc-  $reater br ightness oIa co lour
is .  the rrre l r t .er  rv i l l  be i ts  at t r r rct i r  encss.

ln our experiment green colour rvas 25-times less attractive than was pale-yellow.
In addition, n'rany other authors reported the lorver attracti!eness of green compared
to yellow colottr as to the Iight reí1ected.

On the other hand, us ing monochronrat ic  f i l ters the grestest  at t ract iveness wns
|ťc()ťt l ! ' ( l  in  grccI l  ccr lot t rs  (N'[ i tcc l  orr 'a|| ,  |912) r l tng i r ru t ior l r  5. i0 to 550 nrrr .  Coo t l rbe
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(1981) a lso f inds the rvevelength 550 nm to be the rnost  at t r rct ive.  Vr isher:rpay.rn
t-t rrl. (1975 a, b) c'rbsr'rvc-d thitt yellorv colour of lcur'r's aLtrrctcd r:l lsshou.:c titri iefly
rirther than green, e\en in the case oť-ereen colour in prel.ercntial lrtl.st.planr 1bearlj,
while yellow rvas the plant to non-host-plants (croton). Horvever, these auihors
obtained analogous results even rvhen lighting leaves oť various plants r'vith mLrno.
chrontatic yellorv l ight. Thus, the whole pro.blenr is.sonre,,vlrar nrore conrplicated, arrd
either interpoputation differeňces 

.irr 
glasshouse rvhitefly or other speóific physical

conditions of experiment might be, eventually, taken into account. Weplan, horvever,
to revert to these problems after accomplishing our experinrents tlre irinr oť rvhic|r ís
to study the glasshouse rvhiteffy response to nronochromatic l ight oť various r.',ar.e.
lengths and intensity. r

Let us attempt, horvever, to explain the basic question as follorvs: why are posiri-
tely ph-ototactic glasshouse whitefly responses (as to the light reflected) dc'rnonstrably
nlore expressive to yellow over green colour if host-plants are _9reen?

The eye of glasshouse whitefly may be the rnoŠt sensitive to green colour, but this
sensitivity is líkely characterized by a wide range (simi|ar|y to e.g. hunran Íeceptor
for green colour). Physical properties of real yellow colours, reflecting more light
in total than green colours, are then a further-factor to consider. This is illustrated
in Fig. 3 demonstrating sight-perception oFgreon and pale-yellow colours by human
eye receptors |or.green colour. The spectral curve aird product valueš o[ trichromatic
distribution curves in a normal observe'r were. used to construct Fig. 3. The graph
indicates that the ent'ire.percePtion of-green (-eiverr.by,;thď area under the cuŇe)-is
lolver.than of light (pale) " yď|ow*o|our; dcspite.the faď;that ttte.maNimum seh3itívity
of human retina for green cololtť is at 555 nm.
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Fig' .1. Sighr . perception oi tested green and l ight.yel lorv colottrs by lruman eye receplors ťor
green colour
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ř lcnce. if rnarr rl 'ere not capltble oIperceiving red colour, lre rvortld perceive yellotv
c, . ) l l ) t lť l ts . l  grc 'ťÍl  onc bc ing oI l t ighcr br i -shtrrcs i .  Fors i rn i lar  re lsor ls  l l lent ionedabove
t l t e s l t n res i t u i r t i t r nn r i gh ta l sooccu r i t t . s l a s shousc l v l r i t u ' f l y iť i t co t r l dbedemor r s t r a ted
tlrat it has no capabílity to perceive recl colour.

SU |vÍ i\,{;\ R Y

The e.xperinleÍrts werL'conclrrcted irr glasshousc rvhc.rc tomato plants rvere strongly
in|ested by glasshouse rvhitefl ies. The attractiveness oť pale-yellorv, deep.yellow ancl
green sticky traps rvith wavelength of nraximum reffectance 574.81 nm, 579.82 nm,
520. 12 nn) was compared and the influence of colour brightness and saturation rvas
evaluated.

Statistically si-enificant preference oÍ pale.yellorr, colour to deep yellow was prol'ed.
Green colour of traps appeared to be 25-times less attractive than pale-yellow.

There is an assumption that visual organ of glasshouse whitefly is sensitive to
green colour rvithin a wide range. As the glasshouse whiteflies do not posses the
át';tity to perceivc red colour thěy nray be e-xpected to react to yellow co|our as to
brighter green.

A T R A K T I V Í T A  Ž t u t Ý c H  A  Z E L E N Ý C H  L E P o V Ý C H  L A P A Č Ú
P R o  M o L I C I  S K L E N Í K o v o U ,

T R I A L E U R O D E S  V A P O R A R I O R U M
( H O t v Í O P T E R A ,  A L E Y R O D T D A E )

Souhrn

V přeclloŽené práci je porovnávána účinnost světle žlutých, sytě žlutých a ze|ených
lepových lapač'ů o náhradních vlnových délkách 574,8 nm,579'8 nm, a 520,l nm.
Pokusy probíhaly r'e skleníku s hydroponicky pěstovanými rajčaty, která byla silně
napadena molicí skleníkovou. Teplota ve skleníku o výnrěře 200 m2 se pohybovala
v rozmezi 20-30 oC.

V 6 experimentech naletělo na 56 barevných lapačů roznrís|ěných ve dvojicích
celkem 363 897 nrolic. Byla prokázána statisticky signifikantní prefercnce světle
žlutrí barvY před sytě žIutou. Ze|ená. barva lepových lapač.ri byla'pro molice 25krát
nlť'nč' atraktivní než světle žlutá. \

Autoři potvrzují ty l iterární údaje, které uvádějí, že na preferenci příslušné barvy
mii kromě její náhradní vlnové délky vliv i sytost ir činitel jasrr. .Íe vysloven před.
pt.rklad, Že zrakový orgún molice sklenikové je citl iqý na zelen'Ju barvrr v širokém
rozmezí. A jelikoŽ rnolice nemají schopnost vnímat červenou barv,u, molrou vnímat
Žlutotr barvu jako jasněji ze|enou.
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Pesrcye

B ;t1lc' l .- i irag.rrol i  paóoTe CpaIJH1tBae rcx :c!$eKT]IBHocTb cBc1..]1o.iŤ(e;tTI,Ix,
; ip i { i ) -^(e ' lTbÍx IÍ  3e; tcHbIX KJ i cťBb lx  noByuex.1- rx  le lo rcpbIJ IK}r  TeI l j l I t . tuo i t  c
\í .1KCI t} I} ' . \ io ] l  3 tseToBoro  oTpaxeHýI . f l  npt t  574,8  gr t ,579,8  H.u ,Í  520,  l  H .u .

3xci iepl i^rteHTbl npoBoAýUl, lcb B opaH)Í(epee c [o\IýÍAopa}Ir'Í, BbII)aIq'ÍBae"\IL.t.
:r iIr R }.ť".IoB;:nx soqtroti Ky.[I,T}'pbI (r l ,t4ponoHltxlt). orgelrHbIe pacTťHrt'I IIo-
\tjíÁopofJ ó;,t:.t lÍ clI;IrřIo 3apa}I(eHbi 6erioxpu;rKr)l i  ten.qltrrHolI. TeirrnepaTypa
j () l),: l: i)Kcl)ct. C i l-.Iorqa.i l l i .o rr 200 ,rt2 xoledalacj, B npe,qeíax oT 20 4o 300 C.

B 6 npose;cnnblx 3Kcl lepýrlÍenTax HaneTeJIo Ha 56 qaerHltx KIeeBbIx JIo.
i;}.rr lcÍ(, I]3.].\1ei l{e}lublx napa}Í'Í, scero 363 897 óe.iroxpbrJloK. Ko,rltqecrno oco.
,-,cr 't ttprI IIo"lreTe ólt lo np:rrto IIpoIIopqýÍoHaxbHo KonlÍt{ecTBy 6e,roxpluox
Te.]- 'Urrl i{brx ts opaH)Kepee.

Esua 1ot<l:f,Ha cTaTŤrcTILtI €cK'I: 4orroÉepllaÍ npeAnoqT]ÍTerlbnocTb CIJCTJIo-
]ó(e!r[ lLIx noB}.IIJCK nepeA 'pKo.xoxTĎtur. 3eaentrň qser JIoByUIeK ósu g,r.t
t ie. loxpslnox u 25 pa: \IeHee npýtBgEI(aTeJIr,HIJIM I{eI,I cBeTIo.>xelr lt řt t1net.

Aaroplr noATBepx(AaloT nríTepaTypHbIe AaHEbIe, qTo Ha npc$epcrlqltro
:Ia*iHofo (l]ETá:.BJlrrf ler.xpti l te aoIHosoň AIIíFIbI tarcxe,, larcrop'.6,recra;if i  TIa-
(brU leEHocTb uBeŤa.

BucNagago f lpeAnonoxeH}le, rITo opraH 3penýÍff 6eloxprt. lrxlÍ Tu.[JI,Í9HoiÍ
tlyBCTB1ÍTe.]1eI{ K 3ene!rc.1' lJ/ rIBcTy B IIrIrpoKolVI AýÍaIIa3oHe. Bepox.ruo, cc,r lt
6e. ' loxplr,rxa IIe o6naAaer cnoco6nocTblo Boc[p'{HýÍMaTb xpacuuli I{BCT, To
ořIa }toxeT pea|rÍi)oBaTb řI '] xe. 'ITbIřt '  qaer KaK Ha xpxo.:elerrtt l i .
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