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INTRODUCTION

Glasshouse whitefly, Trialeurodes vaporariorum (Westwood), being an important
~.assiouse pest; s very difficult tocontrol as its resistence to chemical preparations
_.ways increases. ‘Therefore, alternative. methods of protection such as biological
<onirol, plant breeding for resistance are applied, .and moreover, control by means

“1ellow sticky traps based on attractiveness to yellow colour for glasshouse whitefly
i used. Unlike stereotyped application of chemical preparation this sort of controt

-zn ensure the safety of agricultural products keeping line with an environmenta!

r-otection in general.
As early as 1921 Lloyd, and Trehan (1941) paid attention to colour perception

classhouse whitefly. Only recently a great number of reports dealing with this -

subject has appeared. Macdowall (1972), Vaishampayan et al. (1975 a, b),
Exbom (1981), Coombe (1981, 1982), Kitakata & Yoshida (1982), Affeldt

2o al (1983) studied the attractiveness to various colours as well as their hues for
shouse whitefly. For example, Webb and Smith (1979), Vacante and Nuci-

ra (1980), Berlinger (1980), McCormack (1981), Zlobina and Begljarov

#22), Mitkov et al. (1984) evaluated colour trap efficiency. Meyverdirk and
“Toreno (1984) showed in Parabemisia myricae (Homoptera: Aleyrodidae) that the
- ipe of preferential a yellow sticky trap has no influence upon its attractiveness.

Some results reported concerning attraction of various yellow colour hues are

and to be inconsistent. Likewise, there is no explanation for preference of vellow

areen colour.

In our experiments we aimed, in particular, to. compare the attractiveness of two
* . low sticky traps. In one experiment the attraction of yellow and green colour was
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also compared. In the discussion there is an attempt to account for a greater attractive-
ness of yellow over green.

MATERIAL AND METHOD

The experiments were conducted in glasshouse of ca. 200 m? where tomato plants
(Swedish-hybrid-eve Ida F1) using hydroponics were grown in rows arranged north-
-southwards and | m apart. During the experiments tomato plants were about 2.3 m
high and were strongly infested by glasshouse whitefly, the occurrence of which was
eradually rising. Glasshouse temperatures were ranging from 20° to 30° C.

Two types of commercially produced traps such as pale - yellow plastic plate
(Czechoslovak production - Chemika, Bratislava), deep - vellow cardboard being
a part of the set »Sovewrode« (Celamerck), and green plastic plate were used for
testing.” One side of all the plates (to be easier handled) was sprayed by an adhesive
from the set Soveurode. The plates were uniformly sized to be 25X 11.5 cm, and two
different plates were positioned in pairs near each other by their longitudinal sides
and placed at the height of 2.0 m above the floor (Fig. 1).

Both yellow hues and the green colour, were measured by means of the device
Spectrogard color. system using C'- source. Mecasured spectral curves are illustrated
in Fig. 2. Calculated naturalcoordinates ol colours are given in Tab. I.

Bab.4:
Natural coordinates of tested colours
Wavelength of maximum ’ e S l
ol isetaate Colour _t)mghtnt,n Saturation i
24 (nm) (P)e e !
PO s e TR ORREREUE S e T80 “iwm o BRI T s 1 TR it SR N L
pale-yellow 574.8t ; 0.597 i 0.763
i
deep-vellow 579.82 0.584 0.838
green ' ! 520.12 0.242 0.149
|

To calculate them, both data on spectral sensitivity of the human optic organ and
the spectral curve of C - luminous source were involved. The plates were semi-trans-
parent of which pale-yellow ones were approximately three-times more transpdrent
than those being deep-yellow.

Survey of the experiments carried out:

Experiment 1. Ten pairs of yellow traps were spaced out midway between tomato
plant rows Keeping spacings of trap pairs to be 3 m. The traps were exposed to glass-
house whitefly alighting from 10.00 a..m. on 8 July till 10.00 a. m. on I3 July, i.c.
for 168 h in total, therein 52 sunny hours. Baited trap sides were orientated south-
wards.

Experiment 2. Similar to the previous experiment. but trap. pairs were situated
along two marginal rows of tomato plants with baited sides directed ‘inward So
that five trap pairs were orientated castwards and another five pairs westwards.
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Fig. 2. 'Spectral curves of tested colours

The traps were exposed to giasshouse whitefly alighting from 11.00 a. m. on 12
August till 10.00 a. m. on 16 August, i.e. for 95 h in total, therein 48.4 sunny hours.

Experiment 3. Similar to Exp. |, but trap pairs were spaced out in two paths with
baited sides directed northwards. They were exposed to glasshouse whitefly alighting
from 10.00 a. m. on 29 August till 10.00 a. m. on 30 August, i.e. for 24 h in total,
therein 6.1 sunny hours.

Experiment 4. Eight pairs of yellow traps were positioned similarly to Exp. 3.
They were exposed to glasshouse whitefly alighting from 8.30 a. m. till 14.00 p. m.
on 12 September, and out of 5.5 h as many as 5 h were sunny.

Experiment 5. Eight pairs of yellow traps were positioned similarly to Exp. 2.
Traps were exposed to glasshouse whitefly alighting from 8.00 a. m. till 11.00 a. m.
on 17 September (which was a cloudy day).

Experiment 6. Ten trap piars consisting of one green and one pale-yellow plate
were spaced out similarly to Exp. 3. They were exposed to glasshouse whitefly
aliehting from 11.00 a. m. on 5 September till 8.00 a. m. on 6 September. i. e. 21 h,
of which 4.5 were sunny.

RESULTS

As mentioned above six experiments in total, using 56 colour traps, were carried
out during the period from 8 July till 17 September, 1985. 46 traps were presented
in pairs of pale-vellow and deep-yellow colour (Exps. 1 —3). In Exp. 6 the pale-yellow
was combined with ereen colour in 10 trap pairs.
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Tab. 2
Numbers of whiteflies on individual traps

Experiment | Experiment 2 Experiment 3 Experiment 4 Experiment §
i S R Ml O o S L |
ol trap pale- deep- pale- deep- pale- deep- pale- deep- pale- deep-
yellow yellow yellow yellow yellow yellow yellow yellow yellow l yellow
* !
| |
e e ¥ £ SR I “_:.__._..Aw il 2o L8 ?
1 sS4y S 40T 1,495 908 5,442 3,846 8,480 5,403 4,460 1,927 |
2 1,067 | 646 1,124 15187 5,743 5,247 8,159 7,812 3,435 | 8,174 ‘
3 569 k 561 ! 2,369 1,467 6,584 4,134 8,217 4,288 2,308 | 806 ‘
4 D39 . 1036 | 21528 3,165 | %3,149 4,124 7,863 6,500 %4258 | .3,208% |
) 493 ¢ 17 406 S 3450 1,998 4,666 3,257 6,855 5,963 | 72,502 2,507 |
6 603 1 i gd2R e EAEBO 908 5,572 5,245 6,868 5,094 3550 1 &l 310
7 500 i 409 677 879 5,556 5,097 6,915 6,100 SWIE 56,187
8 473 l 422 l 1,266 547 7,494 4,722 7,603 4,551 8,904 | 4,384
9 545 } 657 | 614 634 7,011 3,981 |
10 220" AISP6S i 568 | 442 7,384 BRI PR T S R RS E
J f : 2 LAl g el
Tabr 3t
Total sum of whiteflies in individual experiments
O ER ISR T TR
Number of | < paleiysltow % B 4§ Sideopellvg” L 0 8 | o green
experiment !
N° of specimens 0 N of specimens Sl N* of specimens ! 8
1 5,963 52.4 5,417 47.6 o -
2 \ 15,407 56.08 | 12,065 43.92 — !
| 3 60,631 5145 % 1 44906 42.55 - | -
) 4 60,960 SUCLS iy . 45,711 42.85 = ‘,
5 34,541 59.32 1. 4 © 23,493 40.48 - [
6 S24720. 96.20 | — - 2,081 | 3.80

Experiment 6

pale- green
yellow
3,736 | Ha-
4,954 176
4,919 170
4,945 262
4,530 i)
6,346 302
4,638 104
5,700 162
i 5,885 321
- 7,069 53
} ;
|
|
| (74
1
|
|
! =
[ 0.001
0.005
0.1.
0.0005
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A total of 363,897 glasshouse whiteflies were captured on individual traps during (1981) also

the six experinients. The number of individuals captured was directly proportional el ab. (19F:
to the glasshouse whiteflies density in the glasshouse. rather thar

Table 2 gives numbers of the insects captrued on all of the available traps (10 or 8) while yellc
in each of the experiments. Table 3 summarizes data obtained in individual experi- obtained a
ments. ! chromatic

Two - factor analysis of scattering demonstrated in three from five experiments either inte
statistically. significant . preference for pale-yellow colour to deep yellow. Also in conditionsq
experiments | and 2 pale-yellow colour was more attractive than deep-yellow (the to revert te
difference, however, was not so significant, as the density of whiteflies in the green- to study tt
house had not yet culminated at that time). Trifactor analysis of scattering of all lengths anc
the five experiments (1—35) showed significant preference for pale-yellow colour Let us af
to deep-yellow (& = 0.0005). vely photot

Green colour of traps in Exp. 6 appeared to be 25-times less attractive than pale- more expre
-yellow (« = 0.0005). So there were substantially and significantly less numbers of The eye
glasshouse whitefly atighting-on-green plates than on those being pale-yellow. s tivity q

for green «
in total th:

DISCUSSION in Fig. 3d
eye receptc
To objectively measure the characteristics of light in monochromatic filters it is distributio
possible to use the wavelength whereas it is found to be a much more complicated indicates t
problem to objectively measure the-hght reflected by objects. The reflected light is lower than
composed by means of a spectral curve. Although it is possible to calculate and of human
characterize a real colour using natural coordinates such as wavelength of maximum 100 -
reflectance, colour brightness and saturation, these values are not, however, of uni-
versal validity, namely they are valid for human sense-perception only, so that is 90 -
why they cannot substitute the spectral curve. Nevertheless, a certain correlation
between human and glasshouse whitefly sight can be found as far as, e.g. real yellow 80
colours, is concerned. We suppose that it is of use to give the wavelength of maxi- =%
mum reflectance but there is a need, however, to be aware of its relativity. =70

Mitkov et al. (1984) observed the greatest colour attraction to deep-yellow sticky
plates (Zq = 3580 nm), followed by those with orange-yellow (4q = 586 nm) and
then with lemon-yellow colour (1¢ = 574 nm).

In our experiments the pale-yellow plates (4 = 574.81 nm) were found to be
more attractive rather than deep-yellow ones (24 = 579.82 nm). Even their increased
translucence may have contributed to a greater colour attractiveness of our pale-
-yellow plates, especially during sunny days, with baited side orientated northwards.
Results reported by Kitakata and Yoshida (1982) are similar to ours and they also 30
show a great influence of other characteristics, except for the calculated wavelength.

With colour brightness and saturation decreasing a decrease in colour attractiveness 20 1
occurred as well. The brightness factor will play an important role in the colours

represented by similar spectral curves. Presumably, the greater brightness of a colour 101
is, the greater will be its attractiveness.

In our experiment green colour was 25-times less attractive than was pale-yellow. .
In addition, many other authors reported the lower attractiveness of green compared ‘
to yellow colour as to the light reflected. :

On the other hand, using monochromatic filters the greatest attractiveness was Fig. 3. Sigl
recorded in green colours (Macdowall, 1972) ranging from 340 to 550 nm. Coombe 5

60 1
50 1
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(1981) also finds the wavelength 550 nm to be the most attractive. Vaishampayan
et al. (1975 a, b) observed that yellow colour of leaves attracted glusshouse whitefly
rather than green, even in the case of green colour in preferential host-plant (bean),
while )».low was the plant to non- -host- plants (croton). However, these au*hors
obtained analogous results even when lighting leaves of various plants with mono-
chromatic yellow light. Thus, the whole problem is somewhat more complicated, and
either imerpopulﬁt‘ion differences in glasshouse whitefly or other specific physical
conditions of experiment might be, cvcntuall) taken into account. We plan, however,
to revert to these problems after accomplishing our experiments the aim of which is
to study the glasshouse whitefly response to monochromatic light of various wave-
lengths and intensity. «

Let us attempt, however, to explain the basic question as follows: Why are positi-
vely phO[OtdLIIC glasshouse whitefly responses (as to the light reflected) demonstrably
more expressive to yellow over green colour if host-plants are green?

The eye of glasshouse whitefly may be the most sensitive to green colour, but this
sensitivity is likely characterized by a wide range (similarly to e.g. human receptor
for green colour) Physical properties of real yellov colours, rgﬂectmq more light
in total than green colours, are then a further-factor to consider. This is illustrated
in Fig. 3 demomtratmv sight-perception of*green and pale-yellow colours by human
eye receptors for green “colour. The spectral curve and product values of trichromatic
distribution curves in a normal observer were used to construct Fig. 3. The 01"1ph
indicates that the entire perception of green (given by the area under the curve) is
lower than of light (pale) - yellow:colour, despite the fact that the maximum sensitivity
of human retina for green colour is at 555 nm.

100 -
90 -
80 1
SR
UIGHT YELLOW

KELATIVE RESPONSE (%)

~o [ = (2] [=p]
2 (=] [oa ] (=) =
1 1 1 1 .

=
A

400 450 500 550 . 600 50 700
WAVELENGTH (nm)

Fig. 3. Sight - perception of tested green and light-yellow colours by human eye receptors for
green colour
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Hence. if man were not capable of perceiving red colour, he would perceive yellow
colour as a green one being of higher brightuess. For similar reasons mentioned above
the same situation might also occur in glasshouse whitefly if it could be demonstrated
that it has no capability to perceive red colour.

SUMMARY

The experiments were conducted in glasshouse where tomato plants were strongly

infested by glasshouse whiteflies. The attractiveness of pale-yellow, deep-yellow and

green sticky traps with wavelength of maximum reflectance 574.81 nm, 579.82 nm,
520.12 nm was compared and the influence of colour brightness and saturation was
evaluated.

Statistically significant preference of pale-yellow colour to deep yellow was proved.
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 within a wide range. As the glasshouse whiteflies do not posses the
ability to perceive red colour they may be expected to react to yellow colour as to
brighter green.

ATRAKTIVITA ZLUTYCH A ZELENYCH LEPOVYCH LAPACU
PRO MOLICI SKLENIKOVOU,
TRIALEURODES VAPORARIORUM

(HOMOPTERA, ALEYRODIDAE) :

Souhrn

V predloZené préci je porovndvana tcinnost svétle Zlutych, syté Zlutych a zelenych
lepovych lapact o nahradnich vinovych délkach 574,8 nm, 579,8 nm, a 520,1 nm.
Pokusy probihaly ve skleniku s hydroponicky péstovan)'lmi rajédty, ktera byla silné
napadend molici sklenikovou. Teplota ve skleniku o vyméte 200 m? se pohybovala
v rozmezi 20— 30 °C.

V 6 experimentech naletélo na 56 barevnych lapaci rozmisténych ve dvojicich
celkem 363 897 molic. Byla prokdzdna statisticky signifikantn! preference svétle
7luté barvy pred syt\. Zlutou. Zelena barva lepovych lddell byla. pro molice 25krit
méné atraktivni nez svitle Zluta.

Autofi potv rzuji ty literarni udaje, které UVElde_jl Ze na preferenm ptisluiné barvy
md kromé jeji nahradni vinové délky vliv i sytost a &initel jasu. Je vysloven pred-
poklad, Ze zrakovy orgdn molice sklenikové je citlivy na zelenou barvu v Sirokém
rozmezi. A jelikoZ molice nemaji schopnost vnimat ¢ervenou barvu, mohou vnimat
zlutou barvu jako jasnéji zelenou.
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MMPHMBIEKATEJIBHOCTDL PKEJITBIX I 3EJEHBIX KIEEBBIX
JIOBYIIEK JUIM BEJIOKPBUIKI TEIUIIYHOU,
TRIALEURODES VAPORARIORUM (HOMOPTERA, ALEYRODIDAE)

Pezione

B mpeanaraemoit palore cpaBHitBaeTCs ocbcpcx\m}mocrb CBETJIO-KEJTLIX,
APKO-’K@JITBIX If 3€JICHBIX KJICEBbIX JIOBYIIEK IS OEJOKDBUIKI TEIUIIYHON C
MAKCHMYMOM CBETOBOTQ OTPA’KeHMA HPH 574,8 M, 579,8 HM 1 520,1 HM.

DKCIIEPHMEHTBI IPOBOJAMIINCE B OPAHIYKEPEE C MOMMAOPAMM, BhIPAILIBACMBI-
MII B YCTOBIiSIX BOLHOM KyJbTYPbI (rMAPONOHIKI). OTHENbHblE PACTEHIS I1O-
MIZOPOB OLIIM CIUIBHO 3apasKeHbi OENOKPBUIKOM TemanuHoit. Temmepartypa
3 opamKepee ¢ miromaasio B 200 m? konebanacs B mpegenax ot 20 go 30° C.

B 6 mposeicHHBIX 3KCHIEPMMEHTAX HAJIETENO HAa 56 LBETHBIX KJEEBLIX JIO-
BYUICK, PA3MELICHHBIX ITapaMy, Bcero 363 897 Oenokpsiiok. Koyecrso oco-
Jeus HpI T[107eTe ObLIO INPAMO MPOMOPUMOHANBHO KOJIMUYECTBY OEIOKPHLIOK
TEIJIMYHBIX B OPAaHXXEPEE. :

Boula Z0OKa3aHA CTATHCTIYEEKIT JOCTOBEpHAs npe,anoqrmenbﬂocrb CBCTJIO-
JKEJILIX JIOBYIUEK IIEPEJ APKO-KEATBIMU. 3EIEeHbIN BET JIOBYLIEK ObLT JJIS
(:C’TOE\pr'IO‘\ B 25 pa3 MeHEE IPUBAEKATENLHBIM YEM CBETJIO-JKENTHII I[BET.

ABTODB! TOATBEPKIAIOT JUTEPATYPHSIE JAHHbIE, YTO HAa NpCdepeHumo
TARHOCO UBETA BAUAET KPOME BOJIHOBOW JUIMHBL TAKIKE (bakrop. 0Jecka i Ha-
CBHHI[EHHOCTH HBETA.

BpicKa3aHO MPCAINOJIOKEHIE, UTO OpPraH 3peHus OENOKPHUIKI  TEMTIMYHOMN
UYSBCTBITENEH K 3€JE€HCMY IBETY B IINPOKOM AMANA30HE. BepoAaTHO, eciu
GenoKpeLIKA He 007aKaeT CrnoCOOHOCThIO BOCIPMHMMATH KPACHBIN LBCT, TO
0HA MOYKET PEArupoBaTh HA JKEJITHIL [[BET KAK HA SIPKO-3€JIEHBII.

N
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