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Control of Insect Transmitted Viruses Utilizing Insect's Response
 

to Color and Contact Stimuli
 

Aphids which are the most important group of vectors of plant
 

viruses are repelled from landing by high reflective surfaces. This
 

different
led to the development of mulching methods with 


in order to reduce
reflective materials (aluminum, plastics etc.) 


introduction of aphid transmitted viruses in the protected field.
 

The main problems with these methods are: high cost and the fact
 

that crops cover and shade the mulch, reducing its activity to a
 

short period at the crop's start.
 

The main idea in the present work was to apply reflective materials
 

directly onto the plant and to assess different aspects of these
 

many materials
applications in regard to virus control. Among 


tested, two whitewashes Loven and Yalbin and two clays (L and I)
 

were chosen to work with in Israel and a commercial bright Kaolin
 

(K) in Portugal. All materials were tested for their reflectance
 

and except for clay L. all were highly reflective in the visible
 

spectrum.
 

A. Effect on virus incidence
 

Sprays of whitewashes reduced significantly incidence of persistent
 

potdto leaf roll virus (PLRV) in potato and incidence of potato
 

virus Y (PVY) in potato, PVY and cucumber mosaic virus (CMV) in
 

pepper, CMV, Zuchinni yellow mosaic virus (ZYMV) and watermelon
 

mosaic virus-2 (WMV2) in squash all cf them non persistent viruses.
 

Similar results with Kaolin K were also obtained in Portugal where
 

PVY was reduced by 77.3% in pepper. Some of these results were 

reconfirmed elsewhere by Lowery et al. ( ' ) who reduced turnip 
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mosaic virus (TuMV) in rutabaga with whitewash sprays. It was also 

) reducing nondemonstrated that clays may have a similar effect ( 


persistent viruses in squash at a similar level to the whitewashes.
 

All the above mentioned results may indicate that the main
 

assumption is valid and incidence of aphid-transmitted viruses can
 

be reduced by application of reflective materials directly onto the
 

plants.
 

B. Effect on aphid populations
 

achieved by the reflective
The efficiency of the 	virus control 


no control to almost 100% protection. In
materials varied from 


order to optimize control oneobjectives of this work was to
 

investigate the mode of 	action of those materials. One obvious way
 

of reducing viral disease incidence seems to act by reducing the
 

landing of virus vectors in the treated plots. Quite a deal of work
 

was dedicated to elucidate the effect of whitewashes on aphids.
 

Interestingly enough, the results obtained in Israel and elsewhere
 

( g ) were not confirmed by the results of our cooperators in 

Portugal. Publications ;,7,0 show clearly a reduction in the 

population of landing aphids in whitewash treated crops while the 

Portuguese team show an increase in the aphid catches in treated 

pepper. This contradiction raises also the question how in treated 

plots larger aphid populations still vesulted in lower virus 

infection (so ). Those questions are partially answered by the 

phenomenon we found, that reaction of different species of aphids 

to the reflective surfaces is different and though most species are 

repelled by the high refl6ztivity of whitewashes Aphis gossypil iB
 

rather attracted to it (Z.). Yet in Portugal Myzus perslcae that we
 

found to be repelled (2) was found in higher numbers in treated
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pepper plots (14). This contradiction remains to be elucidated in
 

the future.
 

It should be emphasized that during this work the Portuguese team
 

also identified some new aphid species not known before in Portugal
 

(1:4). As to the results that in spite of higher aphid numbers which
 

landed in treated pepper, virus incidence was lower than in
 

control, a possible explanation would be that the reflective
 

materials do affect beside landinq also aphid's efficiency of virus
 

transmission after their landing ontreated plants.
 

C. Effect on aphid behaviour and virus transmission
 

It was shown that aphids (alatae and apterae) prefer to settle on
 

non treated half leaves than on whitewash or clay treated halves.
 

It was also demonstrated that this preference is related to the
 

sensory mechanisms of the mouth parts. Beside, aphids forced on
 

treated half leaves acquire and inoculate virus (PVY) to a lower
 

extent than those fed on the control halves.
 

D. Effect on the plant
 

In most experiments no direct damage could be observed, though that
 

accumulation of material may cause some stunt and other stress
 

symptoms. In tcbacco there is a certain degree of quality reduction
 

and in squash variable results were obtained in experiments carried
 

out in different seasons.'It appears that the physiological effects
 

are probably related to the decreased illumination whitewash
 

treated leaves obtain and accordingly yield may increase or
 

decrease as compared to the controls. This very important aspect
 

remains to be assayed in future work.
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COOPERATION
 

Dr. Marco visited Portugal anu participated in planning some of the
 

main exps. The Kaolin tested in Portugal was assayed for its
 

physical properties in Israel and a vivid correspondence of
 

consultancy was undertaken between the Portuguese and Israeli team.
 

Resulted Publications
 

i. Marco, S. (1985) Reducing incidence of aphid-transmitted virus by
 

reflective materials. In: 5th Conference of the ISHS - Vegetable
 

Working Group. Abstracts. Bet Dagan, Israel. Phytoparasitica
 

13:279.
 

;. 	Marco, S. (1986) Incidence of aphid-transmitted virus infections
 

reduced by whitewash sprays on plants. Phytopathology 76:1344-1348.
 

3, 	Marco, S. (1987) Effect of whitewash sprays onto potato crop on 

aphid landingpvirus incidence. Meeting of European Association for 

Potato Research, Alborg, Denmark. 

4, 	Marco, S. (1989) Possible modes of action of whitewash in reducing 

virus incidence. Meeting of European Association for Potato 

Research, Bologna, Italy. 

S.Marco, S. (1989) Clays ond whitewashes - effect on vegetable virus
 

transmission. Meeting of ISHS-Vegetable Working Group. Assilomar,
 

USA.
 

, Marco, S. and Levy, D. (1989) Spraying potato with whitewash
 

reduces aphid-transmitted viruses. IHassadeh, 89:618-621 (in
 

Hebrew).
 

7. Marco, S. (1992) Reducing aphid-transmitted viruses in squash by 
sprays of clay suspensions. Submitted Plant Disease. 
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g. 	Marco, S. (1992) Control of non persistent viruses in pepper with 
applications of whitewash, oil, insecticides and their combination. 

Submitted Plant Disease. 

.Marco, S. and Ziv, 0. (1992) Control of powdery mildew in squash
 

with whitewash and clays, submitted Plant Pathology
 

jo.Vieira, M., Margarida, Ilharco, F.A. and Marco, S. (1990) Analise
 

das capturas de afideos em ensaio de pimenlos em Peqoes. 1st
 

Iberian Congress of Horticulture, Lisbon, Portugal.
 

Vieira, M., Margarida (1991) Virus transmitidos por afideos: meios
 

de luta na sua prevencao ist National Meeting Integrated Pest
 

Management, Evora, Portugal.
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Incidence of Aphid-Transnitted Virus Infections Reduced 

by Whitewash Sprays on Plants 

S. 	Marco 

Israel.
)epartmcnt of Virology. Agricultural Itesearch l ganiiation. The Voles ii Ccntcr, lct Dag:il, 

Accepted for publication 16 May 1986 (submitted for electronic proccssing). 

ASlItACT 

l'lytopathtifhlgy 76: 1344-1348.
Ma rLo. S. 1986 Intcidecrc of"aphid-tiinsnilled viioi iinfectioms ieduccd hy whitewash sprays on plaits. 

Weekly sprays ut potato crops with 15%7i bilcaislics of ILoven aird 

Yalhin seduced potato Icaf loll virts (WI RV) iicitlctirc ill itihcs fr, n 
061%of lite lcieliil theuit resled plots inisevei irlenpecdlt cxperilient . 

ice IllRV in thireSimilar %prns's with 2% Virol oil. did tlol r 
cxperitments. Ionco and Yalhii sprays reduccd pohlalo iisios Y (1 VY) 

inrcidence it protlto 0(8%,, (of thet 	 Ie'l ill colilioh,. rlhich is roulgilly 
wilh Virol oil (it 52;). Whitewaslhcomparable i tie redtittlon ohilairc 

sprays wcrc less ctficicnt (ir I'lRV sil I'VY coiliol Ilmcoarsc. ihilc net 

covers. Weekly sprays Aith whitewash rcluced tolal ilher yilcd hy ahoIt 
3(1%.about the saiine yield dccreTasc catiscdItry oil Ircnlinetti it] olr 
eonditions. Ilowcscr.thc nilherand wcighloftubers clticir 31 l 1200 

g(sccd site) ill iNhitcwnsli-t rested plots was iotlalfcclcd. I no eltcts ciilht 

Aldfiional keY rc rih: pepper. 

Mltlchitng crops wvitlha reflective sutfacc jikc altrniinun foil or 

whlte or gray plastic reduices lie numler of aphids laning and 
virus iocidtcce (8,10,.11.17,19.20). Aluminun foil ittilch was 

found to be more effectice than while or gray plastic (Il0. I). 

presumably because of its higher relleclivity."Ihis method secils to 
reduce virus incidence elfectively. burt is not ,idely practiced, 
ntainly because of its high cost and the fact that crops shade or 
cover tlie tultch. Iit iig tle repellency effect to a rather short. 
early pet lod (21). A more recent dcveliputtent imed at overcotlitg 
this problem is to cover crops with white. reflective. coarse nets,. 

'I his rinthod was founa to decrease aphids and life incidce of 

borth nonpersistcrit (6.7) and persistent (7.13) \irits". 'slie coarse 
net is not it harrier for aphids hll tather rcliels their holdir , 

presnmably because ,r its high reliceti'ily (6). lie high cost of 
inaIcrials and 	 labor are life tatini disadvatage of lie above-
metioned tethods, and, tlierefore. their use hras licen limited to 

re uhlcilon cals ai thi uricle wernedniryrri In port hy page chrr, puyflrirr. 1 his 

s hefefis,n. he hefebe irn ked niee lri 	 terin* accor dacOe wilh IAU S C. I
tticie mrrn 

0 34 solely in Indieie this ticr. 

v 1986 he Anmrican Phiytopatliologicni Soclety 

explin Ile activity of whitewaslh. The wlhltewisCles increased lenf 

rellcctivity ill ile visible spectior by 1310-250%. wlere oil treatmet 

caused no chaigc. Ilhit chnige in itelec!ivily agrees with lhe reduced 

oriilhcr( (30-. O)of splds11digi whiiivasli-treled plots, w.herCasi 

tcluctiol ill nphid lanlding occurred ill Virol trctttllits. Ilowe\er. 

dilffercvr phid species responded iurllertily: for cxatnple Api.s go.stpii 

was alltractcd to whilewnh-trtalct ploti. lit our cxperimients. wltitewash 

alndoil Ircatriuctis did not alfect I'l.i V acquisition by aphids. Iovn ad 

Ylii pius a ,ilicidig nselt IDahak reduced PhRV infoculation by aphids, 

alhough Virol pIhs I)ahak and I)Daak i,sclr had io effect compared with 

inntrcatcd plots. 

small plts of high-valite croi. Th oibjectivc of the present work 

wats to iivestigatc lie possibility (if i duciog virus incidence by 
applyiig wlritewaishes of reflective materials directly onto plants. 

MA'EI(IAILS AND METHODS 

Field cxpericretits were carricd out itt potato research plots 
dttring spring. sitmtiiier. ;ftil attton over several y'ears. Potato 
plots were cultivated similarly to commercial fields and tihe 
treatmoels (three to six replications) wcere distributed at random. 

tie sprirg cxperintents of 1984 anl 1985 were carried out in 

commercial protato plots (ili the Golan Ilcighls. Biach replication 
consisted of threc rows of dilfercilt leugths. with the middle row 
scving for tmneasuremiients. lie 	reflective inatcrinis used were 
whliitwaslres orf l.vetn ( Iapazol Co., lishon I.eZiyon. Israel). 
srhicli contains inert reflective inmaterials and 601Zn, aid Yalbin 
(lapa/ol). which ceriailns 2.5% Zn and itnr reflective mate 'ials, 

nrrpirng Ilher Ca (3). l):rl:ik (01.2%) (consisling of 40%Olt~ poilyvinyl
all6%illIillra:"'p~~ 	 .o)\,isRlifJI ofttIre 

andrl6o i 	 -a terral a paiol Cio.) was saded to solrt tons o i.intcI0 
siltwash (101-15% to inicrease stickitncssndsprayedl byn SOL.O 
knapsack hand sprayer type 425 ellipped with a T.j. 8004 noz7lc. 

Ihesc sprays increased potato leacf rcflcctivity throughout the 
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iblc spectrutm wnvelengthis by )130 250?%(Fig. I), as measured by 
Ilausch & I.omb spectrophotonretcr (Speclroinic 20) with a 

Ilectancte attachment. Virol (liaechim, Co., [e Aviv, Israel), 
hich consists of 80% medium light oil and 2(}1%water and 
tulsificrs, was sprayed similhily to the whilewalics, but ita 
inceutration of a bout 2%. Iecause all experiments weic carted 
it in overlead irrigated plots, tie solutions were sprayed oo tile 
ants once a week (the day afterirrigation), starting hot ahout 
i%etergerice. Protection by net cover was porevioosly described 
, net turnels Wvere stretched oi flexible plastic sticksMarco (13); 

a height of 90 cn in the center. 
Virus. Frot tire middle rosy ofeach replication a inedinni-si/ed 
her was samiipled at random oimieach planit. 'Ier itltbers %%ere 
lificially sprouted by Rindite IrcattnieniI'IRV was assayed(9). 
itil 1979 by the sprout test (12): aphid transrission fror apical 
,routs to tie indicator plants Mintra .frmonitol I.. and/or
,itralifloridana Rydb. Startirg in1980, I'VY and I'I.R V were 
sayed by direct, double antibody saidVici erzyrC-liroked 
tmutosorbe nt assay (ElIS A). as descrited previonsly (14). 
iloitions of VVY artiserrn were 1:1.000 for coating arid 1:5t0or 
Injigate and dilutions 'I.RV coating 1:1,500 andof were at 
injugate, 1:1,0(00. Apical sprouts w'cre honogenized in I'IIS-
weeri (1:5) with no additives. Ilecause the tests were doie at least 
duplicates, not all (lie sprouts could lie assayed for both II.RV 
idi[IVY. 
Alilds. Wioged (alate) aphid populations were estimated by 
;ingyellr.w sticky traps and yellow water traps (9).1lie sticky 
ips corsist:l, of rigid, yellow plastic caids (20X 14 cii) sprayed 
ith a sticky transparent glue (Ritmifoot, Jeswnin & Ioffe,Tel Aviv. 
rael)mounted hnrirontally on stands antl adjusted toiabout crop 
'ight. lhecards were changed every 1-3 days, and the umberof 
ipped alatae was counted. 
I lie water traps s,'ere yellow plastic pans (30 X 35 cnn about 

ilf-full with Water, to which about 10 noilof I)ininnii A (33.3% 
kylditetliyi beivyl ainrioriit clilide: 'iiliigat ILidor, Co., 

rust IlaSharon, Israel) was added to prevent developtlent of 

young pepper seed Iings) and the t unsprayed. In each plotiler was 
a water trap was located and lietraps were handled as above, 
except ihai, in this case, all frapped aphids were prepared for 
microscope examination according to Itodenhcimer and Swirski 
(5)and idetlilied onder lhie guidance of Dr. .1.F. Fastop (British 
MI osei, I.ondon). 

Ilie possible ioter fcreoice of tie presence of " hletwash riatrials 
onithe leaves with the I'I.RV acquisition hy aphids wasdeterinied 
as follows. ntidetachict leaves of 'Il.lV-inf.cied potatoes troi 
air rlIbbrntory vere snea ihrlishioer half their faceed hy a sti 
with the testeI rierlials plus X.2%l)ahak, whereas the opposite 
(contiral) half-leaf wa, sincared Witli Iatak 0.2% iwly. On each 
hlIf-leaf, virs-frce Al. pierfivae apterac fron tlie culture source 
ve e placed in leaf cages anl allowed a 24-48-lir acquisition 

period. Subsequently, two aphids svele transferred into youg I). 
.rramonimii seedllngs forar iroculalion period of4R hr. Then the 
seedililigs were sprayed Wilipirilicarb (0.05% I'iri nor 50WI') and 
maintained iii sit itisect-proof greenhouse for symptom 
dcvelolprrttliciticide ice(lpccentage)ofitifectioti asdreteciediby 

I.SA, was cotpared intreated and control gronps. 
lie possible inierretence of ILoven withlI.RV inoculation also 

was examriined. Aphids that aetltired virus frontinfeced potato in 
tllevs ictafcage ws'ere allowed (twoihlilds per plant) to intoculate 
indicator seedlings thi were (lipped inor sprayed Wititie tested 
iaterials Secdlitigs tieled sititi Ily witiwaer (iinitrested) served 

as tile conlr I The's plants were handled thereafler is described 
above.
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liceria and algae. Pan height was also adjrsted to the haillnr 40 

'ight. antI once a week the trapped aphids were c(,lected, divided 
to groups (Arimrr ,per.ricar Sui. and all other aphids), and 
utled. 
Witugless (apterae) aphid popilations "vert estirrated in the 
ilain experirriental plots by counting the tiotal nuimber found oilot0 

1iraridorily chosen plants approximtuately I s,k befoic harvest. 
L.anding ofdifferenit aphid species ott I.o5-cunr-irestcd aoit cantoroIl 

Irts was assessed in pepper phts diingtfite spring (if 1981. The 
speriment inclded six replicatiois, each of which consisted of 
%o I-m plots ( 15plants), spaced 2 in apart. One of the plots was 
,rayed with Lover itabout 5% (higher concentations drnnage 
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Fig. I. Reflecl, nipper side of avly (Pi,rtieclaltee ofivtile porecatil)oft I,. 

pointo leaf .nIllownig a spry Will:15% Inovvn pius 0.2% Dahak (0-o);
 
15% Yalhtn plus0.2% tiabak (L] 2%Vihl (.2% )Dabak(A-A);
:); 

nal 0.2% i)al, k ( ..*).
 

\li P I. 'crcenlage of potato leaf rollvirus infection in polato pthcr tieainldptpuminrrs finm plot% wiliitoveni, 'albin, Viol. ronvemcd with,nite, 
arse net. coaipared untreated,ilh controls"
 

1978' 197t 
alrelril .11' 6 
,ninl 13.3 (30)a 7.3 (24

7a 

3.2 (30)a 1.0 (197) n 
7%'rllection' 76 86 

,thin 

P'rotection 

til 

Protection 


,ar.e
net 
Prntection 

1980 1980 1981 
3 4 5 

10,t 80) a 

0.1(29) b 
100 

16.4 (181)a 

7.8 (423)be 
52 

3.0 (130)a 

0.9 (227) a 
70 

5.4 (322) c 
67 

0.0 (182)a 
N10 

12.2 i115)ab 
26 

2.5 (120)n 
17 

0.0 (92) d 
Il0 

IaaU-it IIte same letter notsiginilicnoritly dii erlit asiaen t rby I)nlnicaris 'ritoftittle rainge test for '%0.05. 
ruble s%.andwichEI1.ISA except for 1978 and 1979 welicn Ite sprnoi test (131wts ted. 
car. 
uniber of replicntions. 

Prolection = 100- (infection ir tratn X too
 
irfection in control).
 

1982 1984 

6 4 Tontal 

4.1 (197)a 2.8 (182)a 7.4 (I,053)a 

IA (208) a 1.7(41101b 3.1(1,524) b 
66 39 

1.01201)a 2.7 (705) b 
76 

3.2 (1861a 5.5 (421)a 
22 

0.0110)II 0 (202) c 
100
 

IIpa rileoieli s: Nuiter r fsainplesasisaycd try 
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Yalbii, Viol,or covercd withwhitc,cnnrse net,in polaIlo plots IVri,TAB I. r 2.Percentage ifpotalo vi Is Y ilcuirol tuber popilatitins Ironz Ireated wiith 

compared witl untreated controls* 

1980' 1981 1982 1984 

Teatnlelt 4' 5 6 4 '1 tal 

1.9(10)6) 2.2 (90) i 3.1(98) a 2.2 (182) n 2.3 (,176) aC' lirol• a 
0.8 (118) n 0.0 (68)b 2.1()t) a 1.2(427) a 1.1 (707) htoven 

32 45 

Yalhin 0.0I(120)n 0.0 (96)1) 0.9(115) 4 0.3 (331) le 

,Proteclion 10 I00 7! 

%iPrlotection' 58 1(O 

Viral 0.0(95) a 0.0(62) b 1.6 (64))a 0.5 (221)bc 

%,Protectin 10(0 100 48 

Coarse net 0.0)(7)) a 0.0 (11)t,11 0.0(175)c 
%Protection 1)0 ... 1i0 

"Data withtire saimreletter are nor significanltly ditlelcil asanalyed by iuncran's multiltipile lange testisr '-, 0.05. 
'Year. 
Nulnier of lepliCaliils. 

I% infection in treated X 10tl 
lIOU% 'protectlonn 

% i nfcetii l inCo ltl). 

pamt n .. pli l Ireatei 
rellecliv' Nslitewastl, oil, a corirbinationtre ti. t ntrea1tcd elrlrllil' 
TAtt.F 3. Yield irrs of i li1o tubtri frint by 

ofl lld 


Ioetml Yalbill 

Parameter I.over) YalbinVirollVirot Vilol Corillol 

Number of Ituhels 

(30 g) 28 31 29 32 27 17 
Number if tubers 

(.0-120 g) 105 It)) 79 90 79 86 
Numblher uf tlbers 

g) I(120) 20 c 35 h 3.3 6 d 13cd 55 

Total 

of tubers 153 167 III 128 119 178 

Weight nt tuhelt 

(30 g) 1.910 2,040 1.970 2.190 1.790 2,7810 
Weight oftlibers 

(30-120 p) 7.352 6,783 5.898 5.530 5,56. 6,103 
Weight of tubers 

de 11,245 a 
'iltal)iclg) 11,205hb12,226 b 12.139 1T7.0,11c c a 

,120 g) 3.375cd 4.933 be5,7.1] b 995 e 2,025 
8,021 18.0-13 

Data null tire sameiletter lint signilicaillVlilleeal asai:llyer try l-st'l 
fronthelilddle row oforls<0.05.ltesultsale ncam o lolr rcplicalions 

ting I1 , three 5-111 

Statistiecs. Yields were alalyzed by ite QO-e)l, tiearc sine of 
infection range test, wliclaspercellages by I)lleall's multiple 
results related to alatac trappitgs arid apterac develploment were 

analyzed by tie Mula -Whitticy U-test (16) for1) < 0.05. 

RESULITS 


Effecl Loven, Vnlhlh, andl Vlrul ilt PI.ltV andtsf srnys %illln 
PVY Inclidenee. 6 yr indifferent seansonsit seven cxpcicitcls livcr 

nti areas. ILover treatments reduced Il. RV iucidence inpo ito 

tubersto 24, 14,A 48. 30. 34,and 6 1%1f h eincidencee found in(lie 

control plots (p < 0.05) (Table I). lit three intlepedett 
experiments. Yalhio trcaiteints reduced I'I.RV incide:nceIo33. 0, 
and 24rb of that found in tile controil plots Up/< 0.05), whereas oil 
treatment was not significantly differeil front (lie control. Net 
cover coterred absolute protection (afableI ). 
[itfour experiments, I.ovct sprays rmdtced [VY incidence itt 

potatoes Io42 ),68,atnd 55% of (hal ii the conlrlils(p < 0.05). atnd 
in ttree experitenlts Yalbin Iletlls reduced incidence Il 0, 0, 
and 29% (p/< 0.05). Tie efficiencyof ILovet and Yallin was 
roughly cotiprraisle tothatof Virril, which reduced (VY ineidence 
to 0. 0,and 52,, of Ite incidence incontlrls (p < 0.0]5),whereas, 
again, tinder Ire (VYinfection was lortl ( I'ahlenetto 2). 


Eff.Iet nd Viral trenllirllIl iin
oh .Loven. Yallin, potato loiter 
welghl,number, size, anid sharp. [)iiing harvest inspring 1980. a 
I-nrow was randoily satpIcd ill Ire ttece replicatirtns tr tivei-

treated anl control plots. A mean of 63) tuers per mieter-row was 

fould il tire treated plotscolpared wit ithe in rf 51 luhers for 

thecontrols, whiclis not signilicantly different. it antlunt 1980, 
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oftilferel aphid species cnplurcd per 
water lrap insix pepper plotssprayed with Loven conpared witl the 
anrtl1her trapped in six control 

TAIIL.F 1.Manunmiber ofalatac 

plots
 

Aalne
 
(Ir.) 

Lovell Control 
Species plots plots 
Aphis ritric'ol 3.271 7.52 1 * van ter (innt 
M .rpersient 272,tilicr 414*
 
A.rg.siii (;lover 235 1460 
.mlicrsA.crarrivraKoclh 186 270 
A.fihe Scololi 56 1691
 

othidentified 2,170 2.657 

trll 6.90 11.247* 

signilicantldillerencs between control arnd treated plots
 
us analyed by tie Marnn-Whitiney i-lest (17)atp<0.05).
 
'Asteriks indicate 


the middle row of cacih thrce-row replication was Iarvested 
separately. The tesrills (Table 3) demonstrate a significant 
reduction of about 30% itt totalyield (weight) by each of tire 

treatnmelnts arid a filIter reduction (about 55%) by mixing Loven 
or Yalbin with Virol. The redIction is tireconseqnence of tie 
decrease iu tire iumber arid weight of the large luhers (> 120 g). 
Ycight and nttber of tubers between 30 arid 120 g were not 
afrected (Table 3). It slhould be tioted (hat alltie various treatments 
rediced)(p< 0.15) (he nutber of missliapeni tubers: Loven to 3%, 

Yalbin to 1.8%, Virol to 5%,I.oven plus Virol to 3.9%,and Yalbin
 
plus Virol to 2.5% vs. 10.7% in dhecontrol. This may be related to
 
the devellmenl inthecoolrid ofhrger luhers(Table 3), which are
 
shtiject to athigher rate of deformatilo.
 

Effect of crop sprns wllhIIlveln, YtIillo, anid V'rmi Ilate
 
and riplerne ppulllations Ilntile field. loven o Yalbit treatment
 
reducedthetoltaltin e lfaphils (Fig. 2) atid (lie nuniberof At.
lber 
pi'rsivae(Fig.3)that landed on spring anid autunit potato crops to 
30-400b or tie nttrher trapped inthe control plots(p < 0.05). 
Virol sprays dirt not reduce tie toallnu:ber of trapped alainc, 
which tay be relatcditoltefact that (lie application of Virol did 
tot chiange lear reflectivity ,markedly (Fig. I). 

I.ovcl sprays inpepper reducedl)1 , .rfabaeScopoli to33% of 
(lie numer frund in tihe controls, of A.ciricola van der Goot to 
42,%. aid or A. ;er.ricae to 56% (all differentfront control.t l < 
0.05). Lovell sprays had no effect on lite nttmber of ntpped A. 
'racivoraK och butincreased the nuumber ofA. go.r.r1ii Giover to 
161% (j < 0.05) (lable ,4). 
No differences were ftulnd ill Ihe inunher of apterac tit 

developed in ILovett-. Yalsits-, ard Virol-treated plots (nseais of 
11.4, 2. aInd15.3 aptids per plat. respeclively) conpared with 

litenlirealtd comtrols (ntean of 7.2 aphids per plant). 
Effects of I(oven, Velhin, and Virrl on the proesss of virus 

aelulsiltlon or Inoellatiln by tile aphlids. it addition to tile effect 

http:orls<0.05
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(TableseffectI and consistent2). fIn in different placesw%51a seasons forqte a
spite of (lie low virus incidences, Ihle white wa.b 

number ofCyars.A plausible reasonEmight be tCe reduced anding 

ufiiiaphids
on whtroash-treated plants probably because of their 
increased inf reflectivity. aphidThe effect of these materials on 

laiiing would probably depend on their reflective properties, on 

ite mblienlt climatic conditions, and on the specific vector 

specimen involvd. Inour situation. the landing (lul) ofntulli 
aphid populations inspring ar oautumn was always reduced by 
I.oRenand Yaiitn rianent.I hncvr,soe aphid spccies, like 

A. ritricola,were repelled na greater degree than others, whereas 

A.go reuciwdattracted to whitwash-sprayed pls. hese results 
are similar o hose obtained by lar-.o ph and Fraenkel with 
kaolin sprays (1)and by Smith and Webb with reflective mulchilowitrvsr, 

(17).The selective for practical
rpellency indicates that, use of 
whitewash spray, one should take into account not only [he 
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Fig.3.Numorr ofMy.tlu'rtirae trapped inyellow in L.water traps 

reated potato plots.
(o -o) nd control 


leaves, with the acquisition and inoculation ofthese viruses by 
aphis. We were ,ot able to demonstrate interference with the 

acquisition process, hil whitewash plus Dabak reduced aphid 
inocularion (ifIiRV compared with untreated conrols,whereas 
oil(Vir5))i.usDaak and Dabk treatments did not (*able 5). 

whilewasi plus Iabak treatnts did not differfrom
 
Dabak,so it is possible we have an additive effect abak and
of 

whitewash.From thepractical point ofrpplication thisisnfminor
 

climatic conditions bil also (tivector species involved in r itewashes are tobe mixed with bak 
anu lte area. p i aA way. 

Another way by which whitewashrs may decrease vus Ihei and Yalhin treatments reduced PYV Ind I'I.V in 
incidence is fhepossible interference of these materials wn liiil potatoes In about 30 and 410%, respecively, ht areas where 
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TABLE 5. Effect of whitewash and Virol on iuocu!atiou of potato leaf roil virus (PL.RV) by At:rspersi"e 

Exp. no. Love + l)abak 

1 0(0/ 7)' 
2 	 46.2(6/13) 
3 	 35.9(14/.19) 
4 	 3.8(1/26) 
5 	 18.1(1/16) 
6 5.0(1/20) 

7 6.i(2/33) 

8 21.4(6/28) 

9 20.0(2/10) 

p 	 0(0/22) 

II 8.3(2.24) 

Total 15.5(37/328) h 


Yalbin V Iabak 

O(1/8) 
(1(0/14) 

26.7(8130) 

7.4(2/27) 


10.7(3/28) 

0(/ 18) 


13.9(5/36) 

75.0(21/28) 

15.1)(3/20) 

16.0(4/25) 

0(0/22) 
18.0(46/256) b 

'Apterae acquired PLRV from tire same infected leaf and were allowed 
seedling). 

Percenlage infection with PLI.RV
 

Virol F )ahak l)ahak Untreated
 

11.1(1/91 0(0/Il) 12.5(1/8)
 
26.7(4/15) 57.2(8/14) 41.7(5/12)
 
33.3(12136) 439(18/41) 40.2(17/40)
 
4.3(1/23) 15..(4/26) 14.3(4/28)
 
8.3(2/24) 26.3(5i 19) 22.7(5/22)
 
9.5(2/21) 7.4(2/27) 23.1(6/26)
 
8.8(3/14) 17.1(6/15) 12.9(4/31)
 

37.0(10/27) 75.0'21/28) 84.6(22126)
 
11.5(3/26) 4.6(t/22) 12.5(3/24) 
13.3(2/15) 14.1(3/21) 87.5(21/24)
316.47/ 19) 4.0(1/25) 72.0(18/25) 
19.0(47/249) ab 28.3(69/244) ab 39.8(106/266) a 

to inoculate treated and control Datiurastratoniumseedlings (two aphids per 

In parentlses: numerator. number or infected pIn atsd:lenoinia tor totalnuiltber of plainls. IDain with the sanie letter not significantly different as analyred 
by Duncan's multiple range test for P<0.03. 

low, this trcren eould 
production of seed potatoes. Net covers are more efficient, but it 
seems impossible to use this method on a large scale because of thc 

high cost of labor and materials and technical problems involved. 

Wtitewash isan cheap material and easy to apply. c hia to sprayy 
weekly because ofthe overhead irrigation in our plots; however, in 
olher systems of irrigation frequency of sprays would probably 
decrease. 

Tire whitewash sprays done in these expetinrents decreased tile 
total yield of potato tubers. This is in disagreement with previous 
reports that yields of sorglunm (18), dryland colton (4,15), melois 
(2), and artichoke (3) were increased afler Yalbin trcalmets. It 

spite of the total weight decrease, tire yield and tire number of 
tubers between 30 and 120 g Were not affecled, and for seed 

purpose, this is most important. Among olter possibilities 
increasing whilewaslh reflectivity and understanding its effect otl 
aphiJ behavior may improve the action of this treatment atd work 
on these aspects is in progress. 

infection rales of potatoes nrc t enablc 
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Reducing aphid-transmitted viruses in squash by sprays of 
clay suspensions
 

S. Marco, Dept. of Virology, Agricultural Research Organization, 
The Volcani
 

Center, Bet Dagan 50250, Israel
 

Abstract 

Weekly sprays of whitewash (Yalbin 10%) and sticker (Dabak 0.17-) 

in squash providing ansignificantly reduced al.hid-transmitted virus incidence 

at the first harvest in experimentsaverage of 62% protection as assessed 

11years. Similar sprays with the same concentrations of clays
carried out during 

low reflectance (clay L),
(consisting mainly of Knolin) of high (clay I) and 

resulted also in virus reduction by providing 61% and 112. protection,
 

to that ofrespectively (P<0.05). The protection level of clay I was similar 


than that or clay L. Increasing
whitewash and both were significantly higher 

clay I concentration to 20% or adding clay to whitewash to a final 20% 

concentration, did not improve protection efficiency.
 

plots, lower numbers of aphidsIn whitewash-, clay I- and clay L-treated 

landed as tested either by direct observations on plants (5., 8% and 78% of the 

numbers which landed in the control) or by ctches in water yellow traps (1%, 2% 

and 48%, respectively). In clay L-treated plots aphid numbers were higher than 

in either Yalbin- or clay I-treated plots, while there was ito difference between 

Yalbin and clay I. This is in agreement with their relative reflectance: the
 

higher the reflectance, the lower the number of landing aphids.
 

None of the 1112 landing aphids collected from plants was found to be
 

infective. Of the trapped aphids 95% were Ai spiracola and Myzus persicae. 
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Whitewash applied at 15Y. may visibly damage young squash plants at the 

No effect was observed at lower concentrations or on oldercotyledonary stage. 

not at any or concentration to 30%.plants. Clais did damage squash stage any up 

orIn the field, the plots which received five to seven sprays of clays 

whitewash looked taller, healthier, and revealed a significantly higher 

proportion of green to dried leaves, nlong with a significantly lower incidence 

of leaf silvering, which is a stress symptom. 

Introduction
 

Weekly sprays of potato (8), rutabaga (7) end pepper (unpublished results) 

with whitewash reduced the incidence of aphid-transmitted, viruses presumably by 

deterring apid landing due to their high reflectivity. The whitewashes used 

(7,8) are commercial products which, in addition to reflectant materials, have 

many other known and unknown ingredients (minerals, emulgators, emulsifiers and 

stickers) which may damage the sprayed plants (8) and have a detrimental effect 

on plant growth when they accumulate in soil in large quantities (unpublished 

results). Thus, 15. whitewash sprays reduced potato tuber yield (8) and a 10% 

spray damaged young pepper seedlings (unpublished results).
 

Natural clays containing mainly Kaolin may be highly reflectant and Kaolin 

sprays were shown to reduce spirnea aphid colonization on lime plants (2). Clays 

are presumably inert materials, are a large natural cohiponent of soil, and may
 

be less damaging to plants than is whitewash. The present work investigates the 

possibility of reducing aphid-transmitted virus diseases in squash by spraying
 

clay and whitewash suspensions and assaying their direct effect on squash 

plants.
 

Squash (Cucurbita pepo), like most cucurbits, are severely affected by the 

aphid transmitted viruses. In Israel the following such viruses have been 
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identitied: cucumber irosaic virus (CMV), zucchini yellow mosaic virus (ZYMV) and
 

watermelon mosaic virus-2 (WMV-2) (1,1i,10).
 

Materials and Methods
 

Experimental
 

Seeds of the hybrid cv. Manyan (ilazara Seed Co., Israel) were sown by hand 
in an experimental field which beenlmnd fumigated previously with methyl bromide 
at the Bet Dagan Experiment Station. independent experimentsFour were carried 

out with plots arrayed in a random block design and replicated five times.
 
Sprinkler irrigation was provided 
 once a week, and "Nutricol" 20:20:20 was added 
at every other irrigation to an equivalent of 50 kg/ha. Field plantings were 
conducted on May 10, 1987 (Exp. 1); Sept. 16, 1988 (Exp. 2); March 21, 1989
 

(Exp. 3); and April 211,1990 (Exp. 
 11).The plots were lOxl.86 m in size, 1 m 
apart and consisted of one row in which plants were thinned after emergence to
 

5-6 plants per m.
 

Spray treatments
 

Two commercially available whitewashes (Loven and Yalbin, obtained from
 
Tapazol Co., 
Rishon le-Zion, Israel) were tested, and two commercially available
 

clays: a local product gray in color (AIPM, Makteshim, H1aifa, Israel), herein
 
designated 
 'clay L', and an imoorted white clay (China Clays, Pars Paper Co., 
P.C. 3086, Haft, Tappeh), designated clay I. These two clays were chosen out of 

different products because of their extreme reflectances. Clay I conferred to
 
treated leaves 
 the highest reflectance, similar the whitewashes,to and clay L
 
the lowest (Fig. 1). The reflectance 
in the visible spectrum was measured as 
described previously (8). All materials, unless otherwise stated, were used as 
10% suspensions to 0.1y. Dabakwhich (110Y polyvinyl; Tapazol) was added to 

increase adherence. The materials were sprayed once a week, 1 day after the 
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irrigation wiLh a 'Solo' knapsack sprayer type 1125 equipped with a Tee Jet 8004 

nozzle. 

Virus 

Virus incidence was assessed at different intervals according to visual
 

symptoms. The efficiency of reducing infection i3 expressed in percent
 

protection
 

infected in treatment
 
-100 (1

infected in control 

In plots treated with whitewashes or clays, virus symptoms were less obvious, 

mainly on the older leaves, because of coverage with the sprayed material. To
 

reduce this problem, virus evaluations were made on young leaves the day after 

irrigation, before the new spray application. In experiments 3 and 11 in the 

treated plots we collected leaf tissue from ca. 100 randomly chosen plants with 

virus disease symptoms and from 100 symptomless plants and tested them by ELISA 

(9) for the presence of ZYMV, WMV-2, CMV, papaya ringspot virus (PRsV) and 

squash mosaic virus (SqMV). ELISA results were related to the visual estimations 

of the same plants. 

Aphids 

Landing alatne were counted in exp. 3 directly on the young plants every 

day for 4 weeks starting from the cotyledonary stage. In exp. 11 the landing 

aphids which were caught in yellow water traps (6) were collected and counted 

once a week; they were identified only c: Myzus persicae and as "all tile 

others". In each treatment one trap was located in the center of a randomly 

chosen replication and its height was adjusted to the height of the plants. 

Infectivity of live aphids (12) was assessed in exp. 3. Once a week the 

alatae found on the plants were gently collected with an artist's brush and 

placed individually in leaf cages for an overnight inoculation period on young
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squash seedlings. Then they were introduced (either alive or dead) into 70% 

numbered in relation to the indicator plants, and subsequentlyalcohol, 

anidentified (12). The squash indicator plants were kept for 6 weeks in 

insect-proof greenhouse for observations of symptom development. 

Direct effect of treatments on squash plants 

Four squash seedlings grown in pots were dipped at dJfferent stages of 

growth (cotyledons, 2. 11 and 6 true leaves) in 0.1Y Dabnk solutions and in 

increasing concentrations of the clays and whitewashes tested (0-30y). Plants 

were kept for 11weeks in a greenhouse and assessed for visual damage. 

mnde on the plants grown in the field, which receivedObservations were also 

five to seven sprays.
 

Leaf silvering
 

The number of plants showing leaf silvering, presumably a general stress 

were counted in exps. 2 and 1l at the four- to six-leafsymptom in squash (11), 


growth stage. No atLempt was made to evaluate severity of the silvery symptoms
 

as described by Paris et al. (11).
 

Green versus dry leaves on plant 

In exp. 11, ten plants fi'om the center of each plot were removed after the 

last harvest and the numbers of green and dead (dry) leaves were counted on each 

p ant. 

Statistics 

Percent infection dttta were transformed according to Gregory (5). These and 

the data on aphid numbers were subjected to multiple analysis of variance
 

(MA.')VA, PROC. GLM (SAS)) and means were separated by Duc~r's multiple range
 

test for a-0.05.
 

Visual evsuations of symptoms were related to the ELISA results for the 

same plants by calculating the correlatioi, coefficient (r). 

Results 

/~ 
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Virus
 

of whitewashes on the
The first experiment was aimed at assaying the effect 

determining if similarincidence of aphid-transmitted viruses in squash and 

treatments with clays have any comparable effect. Virus incidence in this 

weeksexperiment was low for the first 2 months but sharply rose within 3-11 

after the first harvest to almost total infection (Fig. 2). This sharp increase 

in virus infection following the harvest was common in all the spring 

occurringexperiments. We believe it w-is due to the mechanical transmission 

during the harvest process, since very low aphid populations were observed at 

this time (Figs. 3 and 11).These late infections have also a lower impact on 

yields. Since we attempted to verify the effect of the treatments on the aphid 

transmission process, we compared the virus incidences occurring until the first 

harvest (Table 1). It is assumed that these reflect mainly aphid-transmitted 

infections because of the presence (Fig. 3 and 11)of aphids and the lack of any 

agromechanical work at that time. 

In the first experiment, the tested whitewashes and clays reduced virus 

Incidence to 13-33. of that found in the control plots (Table 1). Exp. 2 was 

conducted late in autumn and was aimed at assaying the possibility of enhancing 

clay protection by increasing its concentration and assaying incidence of leaf 

silvering. Unfortunately, early rainfall damaged the plants badly, and virus 

incidence in this experiment was very low (control, 3.6%; Yalbin, 10%, 2.6y,; 

clay I 10%, 2.1%; clay I 20%, 2%; and clay 1 30%, 2.1%); therefore tile data on 

virus incidence were disregarded for the final statistical analysis. Exps. 3 and
 

I indicate that increasing clay I percentage to 20. or mixing clay I with 

whitewash (Yalbin) to a final concentrtion of 20Y. did not have a marked effect 

on protection levels (Table 1). The overall analysis of the data in exps. 1, 3 

and 4ishows a significant reduction of virus incidence in plots sprayed with 10% 

clay I or L (mean of 61%. and 42Y, protection, respectively) and with 10. 
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whitewash (62% protection). Clay I did not differ significantly from Yalbin 

(whitewash) but both were significantly more efficient than clay L (Table 1). 

In exps. 3 an11 Ii,results of ELISA assay were highly correlated with visual 

evaluntions (r=0.8 1i and 0.91 respectively). ZYMV was found in 81% and 95% of the 

3 and It,infected samples, WMV-2 in 11Y. and Ill., and CMV in 6% and 0., in exps. 

respectively. No sMV or SqMV was detected, and 18%. and 10. of the infected 

samples involved mixed infections. 

Aphids 

In exp. 3, the number of alatae landing on squash plants was significantly 

higher on control plots than on any of the treatments (Fig. 3). In plots treated 

with 10% clay L, the number of alatne found on plants was 80%. of the number 

found in control ([M(.05), but significantly higher than the numbers found in 

10% clay I- and I0% Yalbin-treated plots, .n which only 8%. and'5%,, respectively, 

of the aphid number in control was found (Fig. 3). No significant difference was 

noted between the Yalbin and clay 1 treatments. 

The aphid species identified were: Aphis spiracol (ca. 92%), M. persicae 

(ca. 3%), A. fabae, A. craccivora and A. gossypii - approximately 1%each, and 

the remaining 2Y were unidentified. The reduction of aphid landing in treated 

plots involved mainly A. spiracola and M. persicae. No significant "]ifferences 

were found in the numbers of the other species, probably because of their low 

numbers. None of the 1M12 alatae allowed for inoculation was found to be 

infective. 

In the yellow traps exposed in exp. i the general trend was similar to the 

results in exp. 3. Significant lower populations of alatne were trapped in clay
 

L treated plots (50Y%of the aphids in control), but these were significantly 

higher thnn in clay 1- (19Y.) or whitewash- (ll.) treated plots (Fig. 11). 

According to Figs. 3 and It,nlatne activity seems to decrease toward, and
 

practically cease by the end of May. 
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Direct effect of treatments on squash plants 

Whitewashes in high concns have a visible, detrimental effect when applied 

on popper (unpublished results), and reduce tuber potato yields (8). At 10%
 

concentration no effect was observed on' the squash test plants treated with 

clays or whitewashes. At 15% concn, squash plants at the cotyledonary stage were 

damaged by the whitewashes and sometimes the 15 , Loven treated plants developed 

the first true leaf slower and it was smaller, chlorotic and deformed. No effect 

was observed on the same age treated planits with the 15%-30% concn clays. Older 

test plants (2, i and 6 true leaves) were not. affected by 15% or lower
 

concentrations of whitewash or by clay treatments up to 30%. In the field 

experiments, where five to seven sprays were applied, a benefic2.al effect was 

observed in 10Y%whitewash- and 10% clay-treated plots. At the end of the season 

the. plants in these plots were taller, healthier and greener. All the 

treatments in exp. I revealed a significantly higher proportion of green versus 

dead leaves as compared with the control. No significant difference was found 

among the treatments (Fig. 5). 

Leaf silvering 

In exp. 2, 118% of the control plants exhibit clear leaf silvering. No 

plants with silvering leaf were observed in plots treated with Yalbin, clay 

10% or 20%. Less than 1%. of the clay I 30% - treated plants evinced leaf 

silvering symptoms. In exp. 1I,6% of the control plants exhibited leaf silvering 

vs 2% in clay L-treated plots and none in the clay I-, clay + Yalbin or 

Yalbin-treated plots.
 

Discussion
 

Whitewash sprays reduced the incidence or aphid-transmitted viruses in 

squash (Table I), thus confirming the few reports on similar effects in potato 

(8), rutabaga (7) and pepper (unpublished results). The results summarized in
 

I 
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Table lindicate that clays with high reflectance act very much like 

whitewashes, suggesting that the main effect of whitewashes and clays in 

reducing virus incidence is due to their repelling aphids landing because of
 

their high reflectance, as suggested earlier (8). This is reinforced by the fact
 

that indeed fewer aphids landed in the plots treated with the clays and 

whitewash as compared with the control (Figs. 3 and 11). and that fewer aphids 

landed in the plots treated with clay I (high reflectance) versus cla L (low 

reflectance) (Figs. 3 and 11).Clay L, however, still reduced virus incidence 

significantly (Table 1), suggesting that clays (and maybe whitewashes) may have 

additional effects in virus-disease epidemiology beside deterring aphid landing. 

Anyway, from the practical aspect, clays are inexpensive, completely safe to the 

environment, and their accumulation in soil is inoffensive. Concentrations of up 

to 30% do not damage the plants, and even have a beneficial effect on squash, 

increasing the plants' longevity, as expressed in the higher rat!.v of green/dry 

leaves (Fig. 5). Leaf silvering, a symptom which expresses reaction to stress 

(11), was also drastically reduced by applications of clay and whitewash,
 

probably by improving the plant's water status (11,13) and reducing heat stress
 

(3).
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Table 1.
 

Percent of virus-infected plants in squash plots receiving the various treatments plus sticker
 
(Dabak 0.1%). Data are means of five replications of 50-55 plants each as evaluated by
 
symptoms at the first harvest.
 

% infected in treatment
 
(In parenthesis, percent protection 
= 100 (1 infected in control 

Means with different letters are significantly different according to 
(as separated by)
 

Duncan's Multiple Range Test.
 

Exp. Sowing Control Clay I 
 Clay L Yalbin Yalbin + .Clay 20% Loven
 
No. date 
 Clay
 

1. 10 May 12 2.2 (82) 4.0 (67) 1.6 (87) 

3. 21 March 21.1 13.1 (38) 
 16.2 (23) 12.6 (40) 10.6 11.5
 
4. 24 April 12.8 4.8 (62) 
 8.1 (37) 5.2 (59) 3.6
 

Mean 1 5 6 7 c (61) 9 .4 b (42) .5 c (62)
-3 a .
 6
 

1.7 
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Figure Captions
 

Fig. 1. Reflectivity (% reflectance or white porcelain) 
 of the upper side of a 

squash leaf following a dip in suspensions or 10% Loven (,--o), 101. clay I 

(0---*'r 10% clay L (0-0) and water (L--i . 

Fig. 2. Mean percentages (rive replications) or virus infection in squash plots 

of experiment 1 sprayed weekly with mixtures or 0.1. Dabak and 10Y. Loven
 

(m-), with 10% Yalbin (4-O); with 10. clay I (1 - ); with i10. clay L
 

(4--); and left untreated (.t).
 

Fig. 3. Mean number of alatne per replication (50-55 plants) observed on squash 

plants in plots of experiment 3 treated with 0.1% Dnbak to which 10. Yalbin 

(i0- p), 10% clay I ( -0) or 10. clay L (Q--4 ) was added, and untreated 

Fig. Ii. Number of alatne found in yellow water traps located in squash plots of 

experiemnt 4l treated with 0.1. Dabak to which 10% Yalbin (- 0)% clay I 

(E-0) or 10% clay L (cL --<) was added, and untreated (0--rp). 

Fig. 5. Number of green leaves ( tD ) and dry leaves ( tJ ) per squash plant 

in the different treatments of experiment 4. Data are means of ten plants x five 

replications.
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Control of non-persistent viruses in pepper with applications
 

of whitewash, oil, insecticides, and their combinations
 

Shlomo Marco, Department of Virology, ARO,
 

The Volcani Center, Bet-Dagan 50250, ISRAEL
 

ABSTRACT
 

Several methods of protecting pepper .against aphid-borne virus diseases
 

were evaluated in-field experiments for six.years. Weekly sprays of the
 

insecticides Pirimor (carbamate) or Talstar (pyrethroid) at 0.1%, or weekly
 

sprays of a mixture of Pirimor 0.1% plus whitewash 10% (Yalbin) did not
 

differ from the controls. Applications of Virol 1% (light oil) or of the
 

whitewashes Yalbin or Loven at 10% reduced significantly virus infection by
 

about 40%. The best control was achb,,ved by treatments with mixtures of
 

whitewash (Yalbin 10%) plus pyrethroid (Talstar 1%), or by whitewash plus
 

oil (Virol 1%), which reduced virus infection by about 60%. Whitewashes
 

(Yalbin and Loven) at 10% caused slight damage to young pepper seedlings and
 

their combination with Pirimor (0.1%) and oil (1%) increased damage. The
 

most prevalent virus detected was potato vizus Y (PVY) occurring in 86% of
 

the infected plants. Cucumber mosaic virus was found in 23%. 
 Alfalfa
 

..mosaic virus was detected in only one sample. Several plants contained more
 

than one virus.
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1 Pepper (Capsicum annuum L.) is an important crop worldwide. Virus 

2 diseases cause serious losses and can be the most limiting factor affecting 

3 production (10). In Israel, the crop is severely affected by the 

4 nonpersistent aphid-transmitted viruses potato virus Y (PVY) and cucumber 

mosaic virus (CMV)(16). Not only are yields reduced, but these viruses 

6 affect fruit set quality and size, drastically reducing the marketable 

7. yield. In the early spring and autumn, virus diseases actually prevent 

8 cropping in certain areas of Israel. 

9 Bradley et al. (1962) showed that oils coating plant surface interfere 

with aphid transmission of nonpersistent viruses (1). Since then, vegetable 

11 and mineral oils have been used on many crops, including peppers, with 

12 variable levels of control (7, 8, 15). Variability in the effectiveness of 

13 oil sprays is related to many variables (21) like special spraying equipment 

14 and unpredictable weather factors. Quite often oils may damage the plants, 

especially when applied at high temperatures (23). 

16 Nonpersistent viruses are not adequa =ely controlled with most 

17 insecticides .'7,22). Pyrethroids were found to reduce PVY infection (5) in 

18 the laboratory, but they seldom give adequate control in the field, and 

19 their combination with oil is preferred (17), 

Mulching ".,th reflective foils (aluminum or plastic) deter aphids from 

21 alighting on the crop, thereby reducing virus spread (7, 20, 23). lowever, 

22 the growing crops shade and cover the mulch, limiting repellency to a rather 

23 short, early growth period (23). 

24 Applications of reflective whitewash on the plants were shown to reduce 

incidence of the nonpersistent viruses PVY, in potato (13) and turnip mosaic 

26 virus (TuMV), in rutabaga (8). 
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1 Oils, insecticides, and whitewashes presumably reduce viral incidence
 

2 by different mechanisms. Therefore, combinations of these materials may
 

3 	 increase control efficiency. The present work compares the effectiveness of 

4 the above materials and their different combinations on virus incidence in 

5 pepper 	grown in Israel during various seasons.
 

6
 

MATERIALS AND METHODS 

8 Experiment. Seeds of the cv. 'Maor' were sown in beds. 
At the 	first
 

9 
 or second true leaf stage the seedlings were transferred to small pots (7 
cm
r 
10 diam) or skeedling trays and kept in an insect-proof greenhouse. At the 8th

11 
 10th leaf stage, afte- hardening of 2-4 days outdoors (under a white coarse 

12 net in order to prevepit infection)(2, 3, 12), the seedlings were planted in 

13 the experimental field~previously fumigated with methyl bromide. 

14 Six independent expt-riments were carried out with plot arrayed in a 

15 random block design and replicated four to six times. Plots were cultivated 

16 similarly to commercial fields cultured during spring, summer, or autumn. 

17 Sprinkler irrigation was provided once a week adjusted to the 

18 evapotranspiration values. The plots were 5 x 2 m, 1.5 m apart, consisting
 
o -6o 

19 of 3 rows (total of 45-40 plants). Field planting dates were: exp. 1, Aug 

20 10, 1983; exp. 2, Apr 24, 1984; exp. 3, Sept 3, 1985; exp. 4, Mar 15, 1987; 

21 exp. 5, Apr 10, 1988; and exp. 6, May 5, 1990. 

22 Spray treatments. Spray materials used were as follows: commercial
 

23' whitewashes Loven (v/v) and Yalbin (w/v) at 10% (Tapazol Co., Rishon Le-


Z4. 	 Zion, Israel) with Dabak (v/v)(40% polyvinyl; Tapazol) added at ca. 0.1% to 

increase adherence; the insecticides Pirimor (w/v)(Pirimicarb 50% WP, ICI) 

and Talstar (v/v)(Biphentrin 10% LI, FMC), at 0.1% concentration, and the 

oil Virol (v/v)(light oil 80%, 01, Machteshim) at 1%. Sprays were applied 
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1 cnce.a week, 1 day after itrigation, with a 'Solo' knapsack hand sprayer 

2 type 425 equipped with a T.J. 8004 nozzle. Combinations of the above 

3 materials were sprayed at the same initial concentrations. The last spray 

4 treatments were given when first fruits were 2-5 cm in diam. Treatments 

5 were not continued beyond thir stage because whitewash sticks to and dirties 

6 the fruits, and infection after fruit set in our determinant cv., has little 

7 effect on fruit yield and quality (Marco, unpublished results). Final virus 

8 incidence assays were conducted ca. I wk after final treatment. 

9 Effect of treatments on pepper plants. In preliminary tests, 

10 whitewashes applied at 15% as used in a previous work on potatoes (13) 

11 damaged young pepper plants. Therefore, we conducted two experiments to 

12 determine the maximum nondamaging whitewash concentrations. Four pepper 

13 plants at Ist lea,=, 4th leaf, 10-12th leaf, and branching stages of growth 

14 were dipped in increasing concentrations (5-25%) of Loven and Yalbin, and in 

15 combinations of these with Pirimor 0.1%, Taistar 0.1%, Virol 1%, and Dabak 

16 0.1%. Plants were observed for general appearance to nontreated controls
Wf/r

17 for up to six weeks. The test plantsgrown in the greenhouse in the first 

18 and outdoors in a second replication of the experiment. 

19 Virus. Virus incidence was visually assessed at different intervals 

20 according to symptoms. In plots treated with whitewashes and their 

21 combinations, virus symptoms on plants were less obvious because of the 

22 whitewash cover, thereby raising the possibility of incorrect visual 

23 evaluations. To reduce this problem, virus evaluations were always done on 

24 young leaves the day aftcr irrigntion beftre the new application. In 

Z 5 addition, in experiments 1 and 3, batches of about 100 plants with symptoms 

and 100 symptomless plants, as assessed visually, were sampled from the 

-.7 different whitewash treated plots and assayed by the double sandwich ELISA 
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1 (14) against antiserum of PVY, CMV, and AMV. The visual evaluations of 

2 symptoms were related to ELISA results for the specific plants and the 

3 correlation coefficienti (r) were highly significant in both experiments (r 

4 - 0.91 and 0.88, respectively), indicating the validity of the visual 

5 assessments. 

6 Statistics. Data was subjected to the multiple infection 

7 transformation (6) and analyzed by the multiple analysis of variance for 

6 repeated measurements MANOVA, PROC GLM (SAS) for (x- 0.05. Treatment means 

9 were separated by Duncan's multiple range test and data of visual 

10 evaluations of infections was related to ELISA results of the same plants by 

11 calculating the coefficient of correlation (r). 

12 Efficiency of reducing infection is expressed in "percentage 

13 
14 

protection"  100( - % infected in treatment 
% infected in control / 

15 

16 RESULTS 

17 Effect of treatments on pepper plants. No direct damage was 

18 perceptible on pepper at different growth stages when treated with Pirimor 

19 0.1%, Talstar 0.1%, Virol 1%, Dabak 0.1%, Yalbin 5%, and Loven 5%. At 10% 

20 concentrations of Loven and Yalbin slight damage occurred in the youngest 

21 plants. Plant damage increased as whitewash concentration increased above 

22 10%; younger plants were more sensitive; greenhouse grown were more 

23 sensitive than outdoors grown plants; mixtures of whitewashes with Virol or 

24 Pirimor increased damage while addition of Dabak or Talstar did not. This 

25 direct damage was mainly(.aesIac-aElon symptoms followed by stunt and did not 

26 resemble the typical~virus symptoms. 

27 Since planting in our conditions takes place at about 8-10th leaf 

28 stage, 10% whitewash plus 0.1% Dabak was chosen as the standard treatment. 

'
) 
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1 In the field where 6-8 sprays were applied, the plots treated with mixtures 

2 of whitewash with Pirimor or whitewash with oil, showed stress, lower 

3 canopy, height, and were greener and more epinastic. 

4 Virus incidence. The effect of the eight treatments tested in the 

different experiments during the nix years, fell in three distinct 

6 categories (Fig. 1) which were significantly different (Table 1): 1) 

7' Neither insecticide spray (Pirimor or Talstar) was significantly different 

8 from the control, nor was the combination of whitewash (Yalbin) and Pirimor. 

9 2) Both whlitewashes (Yalbin or Loven) provided significant protection (means 

of 39 and 38% protection) at a level similar to oil (Virol) sprays (mean of 

11 37% protection). 3) Best protection was obtained by the combination of 

12 whitewash (Yalbin) and insecticide (Talstar)(mean 56% protection), and the 

13 combination of whitewash with oil (mean 70% protection). These combinations 

14 provided significantly higher protection levels than the ingredients applied 

individually (Table 1)." ,. 

16 As determined by the ELISA tests4 PVY was the most prevalent virus 

17 occurring in 88% and 85% of the infected samples of experiments 1 and 3. 

18 CMV was found in 19% and 26% of these samples sometimes in mixture with PVY, 

19 and one sample was found infected with AMV.. 

21 DISCUSSION 

22 Whitewash sprays reduced PVY and CMV incidence on pepper (Fig. 1). 

23 These results confirm the reports of similar effects on PLRV and PVY 

24 incidence in potato (13) and TuMV in rutabaga (8). The levels of protection 

by whitewashes (39% and 38% for Yalbin and Loven) were very similar to that 

26 achieved by oil (37%)(Fig. 1). Whitewash is relatively inexpensive, safe, 
27 and is easier to apply than oil which requires high spay pressure 9-). 
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1 The levels of protection achieved by whitewasheis or oil are far from 

2 satisfactory but are still important since very few alternatives are 

3 available. Our results (Table 1) conFirm that pesticides provide no 

4 protection against nonpersistent virusesN(
7 , 22) even though, like Pirimor, 

they are most efficient aphicides (9, II). 
Even pyrethroids which reduced 

6 PVY infection in potatoes (5, 18) and ZYV 
in melons (15) did not protect 

7 pepperAto any significant extent (Table I). (FSrA) +CS;rl'S"14 0 

8 Oil sprays are-known-to reducet(nonpersistent-virus 
incidence (l, 7, 15, 

9 19). However effective results found were. not 
consistent (8, 15, 21) and 

are dependent on many variables (21) including 
the pressure and volume of 

11 the spray, which is expensive to apply and weather factors (23) which are 

12 impossible to control. Oil efficiency in our work was also low (37% 

13 protection)(Fig. 1) and might be explained by 
the relative low concentration 

14 used (l%)A and by our simple knapsack sprayer where 
volume and pressure were 

not adequate. However under the same conditions, addition of whitewash to 

16 oil increased its protective efficiency (70% protection) 
which was 

17 significantly higher than oil and than whitewash alone. It appears we 

18 obtain in the mixture an additive effect (Fig. 1) suggesting that whitewash 

19 
do 

and oil t protect against viruses by different mechanisms. 
Unfortunately, 

this mixture caused the most damage to plants. Work is in piogress to 

21 determine the actual effect on yields, define optimum spray concentratione -

22 and timing and desired plant densities. If the damaging effect can be 

23 controlled, whitewash and oil mixtures are a promising alternative to 

"24 insecticides and could reduce the percentage of oil needed (R, 9), thus 

reducing oil's direct damn ge. This is crucial to crops easily damaged by 

26 oil (9, 15),fid;-impoiortant to growers of organic products who cannot use 

27 insecticides 

tu I, 
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1 The effect of the combinations of whitewash (Yalbin) and insecticides 

2 seems to depend on the type of the insecticide used. The protective 

3 efficiency of the mixture of whitewash (10%) and a pyrethroid (Talstar 0.1)
 

4 was significantly higher (56% protection) than the whitewash alone (40%
 

5 protection), though the insecticide itself at the same concentration did not
 

6 exhibit any significant protection (Table 1). Addition of a carbamate
 

7 (Pirimor 0.1%) resulted in an opposite effect--canceling the initial 

8 protection of the whitewash. This effect is not yet understood but it is 

9 reasonable to assume that it has to be related toAdifferent modes of action 

LO of these insecticides on aphids. Common insecticides like Pirimorare
 
,r -

Li presumably increasing aphids activity during the s&pae *-me-(7), while 

L2 pyruthroids cause repellency (15) rapid knockdown and paralysis of aphids 

L3 (3, 15, 18). 

.4 
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Table 1. i " a" transformed for multiple infections I in the different treatments at the 

2
final assessment . Data are the means of the total replications in the experiment.
 

Yalbin + Yalbin + Yalbin 

Exp. Rep. Date Control Yalbin Loven Pirimor Talstar Pirimor Talstar Virol + Virol 

1 4 8/10/83 15 a 9 ab 9 ab 14 a 11 a 5 b 

2 6 4/24/84 19 a 9 bc 17 a 21 a 11 b 7 c 

3 4 9/3/85 58 a 40 b 42 b 33 bc 43 b 25 c 

4 5 3/15/87 73 ab 53 b 51 b 31 c 87 a 60 ab 

5 6 4/10/88 33 a 21 b 29 ab 15 c 30 a 26 ab 

6 5 5/5/90 39 a 22 b 16 bc 36 a 19 b 11 c 

Data with different letters are significantly different (P < 0.05). " 

-F.-"zrlance n,,rt n'ye 1 he uz' -utltpla ran-ge tas2. 

1Transformed according to Gregory, 1948 (6). 

2When first fruits were 2-5 cm in diameter. 
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Figure 1. Protection efficiencyI against viral infection 2 in pepper plants 

sprayed weekly with the different compounds. 

Data are the mean of the total 6 experiments. 

I Efficiency is expressed in percent protection
 

i00 (- % infected in treatment
 
10 % infected in 
 control ) 

2 As found in the final virus incidence assessment (crop development stage
 

of fruits 2-5 cm in diameter).
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Abstract
 
We analyse the aphid catches and virus incidence in pepper trial where
 

whitewash sprays, mineral oil sprays and coarse white net were applied.
 
The 3802 trapped specimens belong to, at least, 71 species and five of
 

them are indicated for tile first time to Portugal.
 
When compared with control covers of white net reduced landing aphids


and protected the peppers from potato virus Y (PVY) to 100%. The white
wash sprays were less efficient for the PVY than white net (77.3%), and
 
had graetest aphid catches. The mineral oil sprays did not affect the
 
aphid catches but provided a percent protection of 2 .2%.
 

Resumo
 
Analisam-se as capturas de afLdeos e a percentgem de virus em ensaio
 

de pimentos onde foram aplicados branqueadores, oleo mineral e rede bran
ca. Durante os 85 dias em estudo foram capturados 3802 afldeos pertencen
tes a, pelo menos, 71 especies das quas cinco sao pela primeira vez ci
tadas para Portugal.
 

A rede conferiu 100% de protecqao em rela~ao so vLrus Y, sendo a moda
lidade que capturou significativamente menos afideos. Os tratamentos sema
nc.is com branqueador reduziram a inciddncia de virus mas aumentaram o nu
mero de afideos (nao significativo). 0 oleo mineral parece nao ter inter
ferido com as capturas mas conferiu 39.2% de protecqao.
 

1. Introdugao
 

Com o objectivo de reduzir a incid~ncla de vhrus transmissLveis por

affdeos nac culturas, tam sido experimentados diferentes metodos, como a
 
pulverizaq o com oleos minerais (Bradley, Wade & Wood, 1962; Loebenstein,
 
Alper & Levy, 1970), cobertura das culturas com rede de malha larga
 
(Cohen, 1981; Marco, 1981) e mais recentemente a pulverizaqao de plantas
 
com branqueador (Marco, 1986). Tambem em Portugal foram j9 ensaiadas, na
 
cultura da batateira, as tecnicas da pulverizaqao com oleo mineral e da
 
cobertura com rede branca, sendo esta, no entanto, diferente da agora ex
perimentada (Vieira, 1989).
 

No Rmbito do projecto C7-056 "Control of Insect-transmitted viruses
 
utilizing insect's response to color and contact stimuli" mantido com o
 
Volcani Cente: atrav~s do US-Israel Cooperative Development Research, foi
 
instaladu um ensaio de pimentos onde foram aplicadas as tgcnicas acima re
ferenciadas.
 

* Trabalho financiado pela Ag~ncia dos Estados Unidos parr o Desenvol
vimento Internacional (USAID) atrav~s do projecto C-056.
 



2. Material e m~todos
 
0 ensaio foi instalado no Posto Experimental de Pegoes, da Direcqgo
 

Regional de Agricultura do Ribatejo e Oeste, utilizando a variedade de
 
pimento Fl~rida Vr/2, e decorreu entre 14 de Maio e 17 de Setembro de
 
1989.
 

Instalaram-se 20 talhoes dispostos em blocos casualizados de 4 modali
dades e 5 repetiqoes. Para cada uma dos tr~s linhas do talhao forsm trans-.
 
plantados 10 -plantas desenvolvidas previamente em viveiro protegido de in
sectos. A distSncia entre plantas no linha foi de 40 cm,.tendo a entre
-linha 80 cm.
 

Aplicagao das modaldades:
 
Branqueador - Tratamentos temnnais com pulverizaqao das plnntas com
 

uma suspensao de caulino a 5% nos primeiros nove tratomentos e a 10% nos
 
restantes dez.
 

6leo mineral - Tratamentos semanais com 6leo de verso a 0,5%, nos pri
meiros nove tratamentos e os outros dez a 1%.
 

Rede - Sobre cada linha de pimentos foi colocada rede branca de malha
 
larga (PEME/PEM 46 C 00 - Quimigal) sobre suportes de PVC, formando um
 
tunel com c~rca de 70 
cm de altura. A cobertura foi colocada imediatamen
te apos a plantagao, mantendo-se at6 final do ensaio.
 

Testemunha - Sem qualquer tratamento.
 

Populaqoes de afideos - Os affdeos aladis foram capturados atrav~s de
 
armadilhas amorelah 
de agua colocadas no centro de cada talhao.Nos talhoes
 
com rede estas nrmadilhas ficaram colocadas pob a mesma, tendo sido insta
lada outra armadilha scbre a rede. As capturas eram levantadas semanalmen
te, e todos os afideos foram identificados.
 

Vius - Os vIrus foram -ontabilizados atraves da anklise visual de sin
tomas, tendo sido identificado apenas o Virus Y da Batateira. A identifi
caqao do virus foi realizada atrav~s do observaqao em microscoplo electr6
nico e por inoculaqao em planzas indicadores herb~ceas (C. Sequeira, comu
nicaqao pessoal).
 

Estatfstica - Os resultados *oram analizados atraves do testo-t, uti
lizando no caso das capturas, cs dados transformados pela expreasao:.
 
V n9 afideos.
 

3. Resultados
 
Apesar do ensaio ter sido tconclufdo em 14 de Setembro, os resultados
 

que se aprisentam dizem respeiro apenas ate ao dia 10 de Agosto, por quan
to uma doenqa cuja etiologia no foi possrvel esclarecer, afectava aquela
 
data 41% dos plantas, pelo que os talhoescom mais de 50% de plantas mor
tas foram abandonados.
 

Capturas de afideos - Da anilise dus capturas de af~deoj referentes aos
 
85 dies verifica-3e que foram capturados 3802 affdeos distribul'dos por,
 
pelo menos, 71 especics.
 

A lista de afideos capturados bem como o quantitativo relativo a cada
 
esp~cie i apresentada seguidamente:
 



Acy,thoolphon eai ...................... I 

Acirtboolphon pious..................... 107 


Anoecia op . .............................. 7 

Aphis cracclvora ........................ 115 

Aphis fabae/ioh nella ................... 161 

Aphis gousypti ........................... I 

Aphis pol....................2 

Aph s ramlcis ............................. 3 

Aphis eambucl ............................. 3 

Aphis epiraecola ....................... 1169 

Aphisa p. .............................. 331 

Aphis ferbasci ............................ I 

Aploneura lentisci ....................... 25 

'D1hogslapietacae ....................... 
I 

Brachycauduas cardul ...................... 11 

Brachycaudue heltchryol ................... I 

Brachycaudus prunicola ................... 31 

Brachycaudus ruaexicoleas ............... 134 

Brachycaudus op. ........................ I 

Brachycolue cucubali ...................... 2 

Brevicoryne brasslcae .................... 14 

Capitophorus elaeagni ..................... 5 

Capltophorue hippophaes .................. 17 

Cavariella aegopodli ..................... 11 

Cavarlells theobaldl ...................... 3 

Chaetosiphella op . ...................... I 

Chondrilloblui blattnyl ................... 3 

Dysaphls eulcia ........................... 3 

Dysaphie plantag a ...................... 9 

Dyeaphies p. ........................... 89 

lucarazzla elegane ........................ 3 

Hayhurotla atriplicie ................... 83 

Ooplocallie pictue .......... ............. I 

Ryadaphis corlandrI ..................... I 

Byalopterus prual ....................... 301 

Bypero sue tucae .................... 40
laa 

Hyperooypus op. .................2 

hipaphis erill ....................... 24
 
Hacroolphelella abrotanl ................ 15
 
Hacroslphonlella tapuskae ................ 15 


NacroslphuB euphorb ae ................... 98
 
Negourn viclae ........................... 11
 
matopolophlua dlrhndus . ................ I
 
Hyocallis bjerneri ...................... I
 
yzocallis castanicola ................... I
 
Myzue cerase
.............................. 2
 
Myzue lytbr................... 2
 

Kyzue pero1eae .......................... 130
 
Rearctaphis bakerl ........................ I
 
Ovatue tasltu .......................... 2
 
Phorodon huoull ......................... I
 
Phylloxera op . ........................... 2
 
Pleotrlebophorus filaglnis ................ I
 
Protaphlo terricola ..................... 274
 
Rhopalosiphum Inaertua .................... I
 
Rhopalosiphum idle ..................... 10
 
Rhopaloslphum nyaphaeae .................. 31
 
Phopalostphus padi ....................... 23
 
Rhopaloslphus rufiabdosinalla ........... 186
 
Schlzaphls gra lnue ..................... 7
 
Sltobion avenae .......................... 19
 
Sitoblon fragarlae ...................... I
 
Ssynthurodes betae...................... I
 
Tetraneura caerulescens ............. .....
I
 
Tetraneura ull ..................... .....
5
 

Therloaphis trifolli ................ ....28
 

4
 
Thelas suber ........................ 11
 
Thecablue affinI ................... ..... 


8roleucon aeneu ........................ 6
 
Uroleucon cau panulae ................ ....15
 

..... 

uroleucon Jaceae ............. ...... 4
 
Oroleucon chondrlllae ........ ...... 9
 

..... 

Oroleucon pleridis ........... .......... 4
 
Uroleucon sonchi ............. ........... I
 
Uroleucon op . ............... ............ I
 
Vahlgre lella arbuti ......... ............ I
 
Deefeltos ............................. 0
 

TOTAL ...................... 3802
 

A esp~cie mais capturada foi A. spiraeooZa representando 30,7% do to
tal, seguida de Aphis spp. corn 8,77 e H. pruni com 7,9%. As esp~cies P, terr
ooa, R. rufiabdominai e A. oracoivora representam respectivamente 7,2% , 
4,9% e 4,6% do total. As esp~cies cons :eradas vectoras:do virus Y - A. fa
bae, M. euphorbiae a M. persicae representam 4,2%, 3,4% e 2,6% respectivamente, 
correspondendo na globalidade a 10,2%. 

Na figura 1 representam-se graficamente as medias difrias de capturas de
 
afdeos e de M. pereicae por armadilha e por modalidade.
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Figura 1 - Mtdias digrias de capturas de af'deos e de M. pereioae por
armadilha e por modalidade. 

A analise da figura 1 mostra que as diferenqas de cnpturas de afrdeos 
e 
de M. persicae na modalidade branqueador sao mlinimas em relaqao a testemu
nha, nao havendo diferenqas significativas entre elas (p.<O,05). Embora a 
modalidade 6leo tenha capturadoiiienor nGmero de afideos e de M. persiace 
que a testemunha as diferenqas tambem nao foram significativas. Com as re
des houve urn 
nitido decr~scino das capturas (mesmo considerando as armadi
lhas fora da rede) diferenqa essa que 6 estatisticamente "significativa
 
(p< 0,05). 

No dia 10 de Arosto foram contabilizadas as plantas com sintomas de vI
rus, tendo sido calcIlada a percentagem de protecao conferida por cada uma
 
das modalidades a p rtir da f6rmula utilizada por Marco (1986):
 

% infecqao no tratamento x 100
 
% Protecqgao - 100 --------------------------------------

. infecgao na testemunha 

Quadro 1 - Percentagcm de virus Y e de protecqao 

Moualidade % virus 
 %.protecqgo
 

Branqueador 6,4 
 77,3
 
Oleo 17,0 39,7
 
Rede 0,0 
 100,0
 
Testemunha 28,2
 

Em relacao A produq;o nao sao apresentados elementos pois a morte pre
matura das plantas tornou impossfvel a analise das produgoes. Indica-se,
 
no entanto, no quadra 2 o peso medio dos frutos colhidos 
na [inha central
 
de cada talhao.
 



Quadro 2 - Peso mrdio dos frutos da~linha central
 

Modalidade NY plantas NY frutos Peso m~dio
 

Branqueador 42 260 66,7
 
Oleo 40 319 63,2
 
"ede 43 255 52,8
 
Testemunha 42 274 50,3
 

Nao foram encontradas diferencas significativas (p4 0,05) nos pesos

m~dios dos frutos nas diferer."es modalidades.
 

4. Discussao
 
As pulverizaqes semanais com branqueador-ngo provocaram uma diminuigao


das capturas de af'deos, sendo mesmo a modalidade que capturou major nume
ro destes insectos, emborn se tenha verificado um decr~scimo das capturas

de A. spiraecoZa (menos 19%) tal como foi observado por Ben-Joseph & Fraen
kel (1983) e'Marco (1986). P. terricoZa parece ter sido atraldo pelo bran
queador (mais 37%). Apesar do maior nmero de capturas, incluindo as esp 
cies vectoras do virus se ter verificado nesta modalidade (123), 
ela con
feriu um elevado grau de protecqao, o que poderg estar relacionado com a
 
poss~vel interfer~ncia no processo de aquisigao e inoculaqao do v'rus.
 

0 6leo de verno nao parece ter exercido grande acqao sobre os af'deos 
revelando no entanto um certo grau de protec~ao. 

A cobertura com rede revelou-se muito eficaz quer em termos de repeln
cia de af'deos quer em termos de protecqao da cultura. 

Entre as esp~cies de af'deos capturadas Chodrillobium blattnyi, Maoro
eiphonieZla tapuskae, PleotriolzophorusfiZaginia, Uroleucon.aenewn eUro
leucon capanulae sao pela primeira vez citadas para Portugal.

Chondrillobizn blattnyi vive sobre Chondrillajuncea e 6 conhecido da
 
regiao euro-asiatica.
 

Maoroeiphonielia tapuskae 6 uma esp~cie holrctica, que vive em Compos
tas Tubulifloras principalmente Antemndeas. Em territ~rioportugu s era ji
 
conhecida da llha de Porto Santo (liharco, 1973).


Pleotrichophorus filaginio vive sobre especies dos g~neros Gnaphalium
 
e Filago, sendo conhecido da Europa ocidental. 9 novo para a Peninsula Ibg
rica,
 

Uroleucon aeneum, inicialmente considerada como uma subesp~cie de U.
 
jaceae. 9 uma esp~cie europeia, cujos hospedeiros sao Compostas do generos
 
Carduus, Cirsium eCarthamus. 

Uroleucon eampanulae vive em Campanulceas dos g~neros Campanula e Ja
8ione. 9 uma especie europeia. 
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ABSTRACT
 

tried different kinds of techniques to
In this study we 
 tobacco
 
prevent the infection of seed-Potato, pepper and 

such as avoiding the 
crops, by aphid transmitted viruses, 

oils and

peak flights of vectors, the use of mineral 


whitewash sprays and net covers.
 
the incidence of virusThe results of aphid cathes and 

methods are
infection are mentioned and the used control 

discussed.
 

RESUMO 

Com o efeito de prevenir a transmissao de virus por 

afideos As culturas de batata-semente, pimentos e tabaco, 

tais como a fuga aos vectores, a

diferentes ticnicas 


culturas, pulverizaPes comutiliza'po de redes sobre as 
t&.m sido por6leo mineral e pulverizaQbes com branqueador, 

n6s ensaiadas. 
das capturas de afideos e
Apresentam-se os resultados 


da ircid~ncia de viroses nestes ensaios e analisam-se os 

efeitos destes meios de luta.
 

INTRODUQAO
 

Os virus transmitidos por afideos podem oausar elevadas
 

perdas nas culturas.
 
Na cultura da batateira verificam-se perdas de produQ o
 

entre 50-70% quando 100% das plantas se encontram infectadas
 

(Van der Zaag, 1982). A presenQa de virus na cultura de
 

batata-semente 6 particularmente importante, pois para
 

valores superiores a 10% de tub6rculos infectados 6 impedida
 

a sua comercializaQ¢o como semente.
 
No tabaco, a incid~ncia de viroses pode provocar a 

perda total da planta (Evaristo, 1981).
 
e o virus doNo pimento, o virus do mosaico do tabaco 

moeaico das cucurbitticeas, ambos transmitidos por afideos, 
causam inportantes preJuizof; (Gard6 & Gard6, 1971). 

pesticidas n~oAtendendo a que, de modo geral, os 
mesmo
resolvem a situaQco relativa aos virus, podendo 


agravA-la (Gabriel, Szulc & Wislocka, 1982) e que o controlo
 



tamb~m 6 dificil de ser conseguido,
biol6gico doe afideos 

vectores necessAria
 a baixa densidade populacional de
dada 


t~m
 para infectar os campos de cultura, outros meios de luta 

fuga aos vectores,sido procurados. Entre eles destacamos a 

redes sobre a cultura, pulverizaQ¢es com
 o uso de 
estas,
com mineral, t6cnicas
branAqueador e 6leo 


noutros paises, corn bone resultadob.expermentadas 
conta da nossa experidncia corn aNeste trabalho damos 

batata, pimentos.e tabaco.
aplicaQLo destas t~cnicas, em 

foi realizado no Posto Experimental
0 ensalo de batata 


de Pegbes, da DirecQ¢o Regional de Agricultura do Ribatejo e
 

Oeste, e decorreu no ano de 1990, no periodo de 21 de MarQo
 

a 19 de Junho. 
Ensaios do pimentos realizaram-se nos anos de 1989 e 

1990, decorrendo do 17 do Maio a 14 de Setembro e de 6 de 

Junho a 29 de Agosto, respectivamente. Estes ensaios foram 
.realizados no Posto Experimental de Peg6es. 

0 ensaio de tabaco, realizado em 1989 na Quinta doe
 

LamaQais, Braga, contou con a colabore¢Ao da Direcgo
 

Regional de Agricultura de Entre-Douro e Minho, e decorreu 

de 3 de Julho a 19 de Seterribro. 
Este trabalho foi possivel gragas ao projecto de 

colaboraQoo mantido 
com o Volcani Center, Israel, atrav6s da
 

US-Israel Cooperative Development Research e finangiado pela
 

USAID.
 

MATERIAL E METODOS
 

Os ensaios constaram de talhbes de blocos casualizados
 

com a aplicaQ#o de diferentes modalidades.
 
0 uso de branqueador (suspensAo de caulino a 10%) foi
 

uma
experimentado nas tres culturas, sendo realizada 


pulverizaQo semanal.
 
largaA cobertura da cultura corn rede de malha 

(PEME/PEM 46 C 00) foi utilizada em batata e pimentos. 
A pulverizaQ o das plantas com 6leo mineral foi 

experimentada em pimentos e tabaco, com aplicaQtouma 

semanal, na concentra¢o de 1%.
 

No centro do cada talhgo foi colocada uma armadilha 

amarela de hgua para ceptura de afideos, no sentido de se 

tentar relacionar as captura corn a incid~ncia de viroses. 

No caso da batateira, para para al~m deste aspecto , as 

armadilhas forneciam indicaQLes sobre a necessidade de
 

proceder & destruiQo precoce da rama.
 

As armadilhas montadas no campo de batata funcionaram 
durante 63 dias.
 

) periodo de funcionemento das armadilhas nos ensabos 

de pimentos foi de 85 e 84 dias em 1989 e 1990 

respectivamente. 
Na cultura do tabaco as armadilhas estiveram montadas 

durante 78 dias. 



-----------------------------------------------------

-----------------------------------------------------
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as capturas das armadilhas
Em todos os ensaios eram
 

recolhidac semanalmente e de imediato analisadas.
 

RESULTADOS
 

BATATA 

Os resultados obtidos em termos 
produ¢8es por hectare oonstam nos 

de capturas e 
Quadros I e 

de 
II, 

respectivamente. 

QUADRO I
 
CAPTURAr
 

peialoae
Afideos Myzsu 

M.d.a.
M.d.a
Modalidade 


0,11
Branqueador 4,6 

0,01
Rede 1,8 

0,09
Testemunha 5,7 


M.d.a. - M6dia diAria por armadilha
 

A modalidade com rede capturou significativamente menos 
afideos e H. perslcae que a testemunha (pSO,05). 

QUADRO II
 
PRODUQAO
 

Modalidade Total(Kg/ha) Semente(Kg/ha)
 

Branqueador 16 182 13 946
 
16 083
Rode 19 010 

15 123
Testemunha 17 703 


Feita a anAlise estatistica nAo foram encontradas
 
diferencas signifloativas entre modalidades quer na produggo
 
total quer na de selnente (p50,05).
 

Incid~ncia de Viroses
 

A incid&ncia de viroses foi avaliada por anAlise visual
 
de sintomas no campo e em plantas desenvolvidas em estufa
 
(30 tub6rculos/talh8o).
 

Na inspecQdo realizada no campo antes da colheita nAo
 
foi detectada a presenqa de virus em qualquer das
 

visual desenvolvidas em
modalidades. A anAllse das plantas 




estufa conduziu aos seguintes resultados: Branqueador 0%,
 
Rede 0% e Testemunha 1,8%.
 

PIMENTOS
 

Os resultados das CaptUras nos ensaios de pimentos,
 
realizados em dole anos consecutivos constam no Quadro.III.
 

QUADRO III 
CAPTURAS 

Afideos H. perslaae 
Modalidade M.d.a. M.d.a. 

1989 1990 1989 1990 

Branqueador 2,6 5,2 0,1 0,18
 
Oleo 2,2 6,5 0.08 0.2
 
Rede 1,4 2,3 0.01 0.01
 
Testemunha 2,7 6,5 0,09 0,13
 

As redes provocaram um nitido decr6scimo das capturas 
de afideos e de M. perslcae, diferenQa essa que 6 
significativa (p50,05). 

NAo se apresentam elementos sobre a produoo, pois a 
morte prematura de muitas plantas devido & presen~a do fungo 
Salerotlum rolfeal tornou impossivel a anAlise das 
produQ¢es. Refere-se, no entanto, o peso m6dio dos frutoB da 
linha central (Quadro IV). 

QUADRO IV
 
PESO MEDIC DOS FRUTOS DA LINHA CENTRAL
 

(g)
 

Modalidade 1889 1990
 

Branqueador 66,7 62,8
 
Oleo 63,2 56,6
 
Rede 52,8 68,8
 
Testemunha 50,3 59,7
 

Ngo foram encontradas diferenQas significativas entre
 
modalidades.
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Incid~ncia de Viroses
 

A incid~ncia de viroses foi avaliada pela anblise
 
visual de sintomas, no campo, cujos resultados oonstam no
 
Quadro V.
 

QUADRO V
 
PERCENTAGEM DE VIRUS
 

Modalidade 1898 1990
 

Branqueador 6,4% 1,5%
 
Oleo 17,0% 0,0%
 
Rede 0,(0% 0,0%
 

Testemunha 26,2% 9,5%*
 

* As plantas apresentavam sintomas muito t6nues, tendo
 
apenas uma plarita originado sintomas em plantas indicadoras.
 

TABACO
 

Os resultados referentes a 78 dias de capturas de 
afideos 8 de M. perelcae constam no Quadro VI, representando 
as capturas de M. perslcae 60,3% do total de afideos 
capturados. 

QUADRO VI
 
CAPTURAS
 

Afideos M. perelcae 
Modalidade m.d.a m.d.a. 

Branqueador 46,5 29,2
 
Oleo 30,4 18,0
 
Testemunha 33,9 19,5
 

A modalidade com branqueador capturou signifi
cativamente mais afideos e M. persicae.
 

A produQAo do tabaco foi avaliada em verde e ap6s a
 
secagem (Quadro VII).
 

QUADRO VII 

PRODUQAO (Kg/ha)
 

Modalidade Verde Seco
 

Branqueador 22320 5072
 
Oleo 23208 6262
 
Testemunha 23929 6916
 



Em termos de produQto nao foram encontradas diferenQas
 

signifioativas entre modalidades.
 
pela anAlise
A incld&ncia de viroses foi avaliada 


antes da colheita, obtendo-sevisual de sintomas, efectuada 
os seguintes resultados: Branqueador 88,6%, Oleo 71,8% e 

Testemunha 86,6%.
 

DISCUSSAO
 

Das tecnicas utilizadas nos ensalos ressalta a redu¢ao 
afideos e de H.slgnificativa do nCimero de capturas de 

perslcae no caso da utillza,1o da rede, tanto em batcta como 
de vectores traduziu-seem pimentos. Esta redup o do nCmero 

numa protecQgo total da cultura.
 
batataComo ofelto secund~rlo da rede na cultura da 

verificou-se um malor desenvolvimento vegetativo, o que se 

traduziu mum aumonto (embora nao signiflcativo) da produQao. 

No caso dos ensalos de pimentos verifica-se que nAo 

houve ura diferena acentuada nas capturas de N. perslcae, 

nos dois anos consecutivos, nas restantes modalidades, 

registando-se, no entanto, em 1989, percentagens de virus 

muito superiores. Estas diferencas poderAo estar 

relacionadas, com uma major presernQa no campo de fontes de 

in6culo, ou com a presenca de uma estirpe de virus mai 

Infecciosa, poiF nesse ano, as plantas apresentavam sintomas 

mals aparentes. 
As pulverizaebes corn 6leo mineral revelaram reduzida 

eficcia em qualquer das CUlturas ensaiadas. 
0 branqueador, ao contrArio de que se esperava, parece 

ter atraido o tl. 1-ericae, tendo induzido a um aumento das 
capturas em todas as culturas. Esta foram 
signiflcativamente mais elevadas na cultura do tabaco, o que 
se traduzi Igualmente numa malor percentagem de virus nas 
plartas deFa modalidade. Contudo, as diferenQas 
relativaente &soutas duas modalidades sao muito reduzidas, 
pois todo o campo apresentou elevada percentagem de 

incid~ncla de viroses JA que a press o de infecQao 

(entendida segundo De Bokx, 1979) foi rruito elevada, ao 
longo do ciclo vegetato da cultura. 

Neta cultura h6 ainda a registar o efeito prejudicial 
do dep6slto de caullno sobre as folhas, diflcultando a sua 
secagem e Impedlndo o seu aproveitamento industrial. 

Em resumo podemos conclulr que nas nossas condiQ6es de 
ensaio, o uso de branqueador se revelou contraproducente, e 

que o uso de pulveriza¢es com 6leo mineral tamb~m n~o 
parece resolver os probleias da. transmisrPes de virus has 

culturas. Ao cortrbrlo, a rede ao actuar como repelente de 
afideos parece ser eflcaz, conferindo elevada protecQAo As 
culturas. Contudo, o sel uso parece-nos ter grandes 

limita6es devido aos 
seus elevados custos. Asslm, antevemos 

a sua apllcaQgo, apenas quando se pretenda produzir plantas 

Isentas de virus de culturas altamente rentAveis 



eficaz e
Face a estes condicionalismos, o m6todo mais 

de virus serA a
econ6mico de produzir plantas isentas 


procura & fuga aos vectores e As fontes de in6culo, pelo 
que
 

das curvas de voo dos afideos vectores e dos o conheplifiento 
alternatvos destes, 6 particularmentehospedeiros 


importante.
 
estesPara al~m doe conhecimentos adquiridos corn 

ensalos, eles vieram mals uma vez confirmar a necessidade de 

se proceder a uma experimentaQ8o pr~via de t~onicas usadas 

corn boris resFultadosrnoutras regibes do globo, antes de serem 

adoptadas no noFJso Pals. 
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