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ABSTRACT |
s (TSWV) and Tomaio vellow leaf curl virus (TYLCYV) are major biotic
cultivated and wild plants. These viruses belong 1o the genus tospovirus and
hegomovirus. respectively, TSWV is about 80-110 nm wide while TYLCVis about 20 x 30 nm in size.
Both viruses are difficult to control due to numerous host plants and activities of insect vectors.

Incidences and vield losses are us ually high. Economic and sustainable management strategies relv
on the reduction of inoculum sources, li F

_ mifing transmission and use of host plant resisia
paper veviews the curvem researeh

we. This
sugeested.

Tomato spotted wilt
constrainls io several

status on the two viruses. Future research arveas|are also

Key words: TSWV,TY LCY, transmission, host range, management

INTRODUCTION (Thysanoptera: Thripidae) including

o Frankliniella fusca Hinds, F intosk Tryom,

Tomato sported wilt (Ran ghs;wm'ni and F occidentalis Perg., F sculizel Trvb, F

Bagyara), 2005) and Tomato vellow leaf curl suchini Nakahara e M ontewo|  Thrips

(Fauquet er al., 2008) viruses are the most setosus Moulton, 77 tabaci I*[ind, T palmi

common viral pathogens of tomato and a Karny, and Scirtothrips  dorsalis  Hood
wide range of cultivated plants world wide. (Mound, 2002).

Tomato spotted walt disease (TSWD) was
first reported in Australia in (919

(Brittlcbank, 1919) and by 1925 it had SCrve as natural reservoirs and sources of

become a serious threat to vegetable crops primary inoculants of TSWV (_Grcj*cs el al..

(Bald and Samuel, 1931) throughoui 2003). Symptoms of TSWD on sceptible
temperate and sub-tropical regions of the

Many wild annual and perennial plants also

host plants are concentric ring  spots,

world. Incidence of TSWD ranges from 10 speckling and chlorotic streaking in oak-leaf

to 30 % (Sharman and Persley, 2006) and patterns on leaves that develop [into bud

yield losses may reach 90 % (Cho er al., necrosis, stunting, and prematufe death

1987). Tomato spotted will viyus (TSWYV) is (Adkins eral.. 2006).

transmitted by nine thrips

n
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Hitherto, characterization of_ 1solates of
TSWYV was diffitnlt thus rclwng

SYmpionis expressed by dlﬂLlLlllldl hosts

and, when available, by hosts with resistant

genes (Best and (Ja]lua 1953) Verkleij and

Peters (1983 um.d sucrose-gradient

centrifugation to separate nuch,uprotem and

78 K membrane protein to produce specific
antisera to the virus.

At prc-scnt 1
IHLCH)\CD]:)}' enzy nn:‘hnked unmunowrhmt
assay (ELISA) and polymerase chain
reaction (’PCR) arc widely used for diagnosis
(Assis-Filho er /., 2004; Adkins er al.,
2006), in addition to electron MICLOSCOPY
(Wi'nfcr etal.,2006).

Tomato yellow leaf curl disease (TYLCD) is
caused by ar least 11 ditferent virus species
one of which is Tomato yellow leaf curl virus
(EXLLCY).
Germiniviridae, TYLCD was first reported

A member of the family

on Lycopersicon escidentum Mill in Israel

(Cohen and Harpaz, 1964). The virus could
account for huge quantitative and qualitative
losses of 100 % 1funchecked.

Thus, incidences and yield losses of 100 %
1990);
Typical symptoms

have been reporred (Czosnck et al.,
__Pico el al. 1996).

induced by T&ILCV on susceptible tomato |
cultivars include reduction in Jeaf S1Ze, .. |

yellowing and curling of thé leaf, stunting of

solely on

| 1mnmnuf]‘uurcscc ge

(11

3i
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the plant, and abscission ﬂfﬂowfs and fruits

(Al- Musa, 1982). TYLCV |

plants but mest pathogenic o
(Cohen and Antignus, 1964).

Infects several

The virus also survives in weeds within and

outside tomato fanns. which

re potential

sources of virus inociulum for primary and

secondary spread of TYLCD (.
~ 2002b). The' plant species

ashina ei al.,

aspera L., Capsicum annum L., Datra

stramonium L., and Nicotiar

are some of the alternative hos
(Rapisarda, 1990: Kashina et at 2002b).

g tabacium 1.

of the virus

The virus can be detected in ipfected plants

ar vectors throuph sevem‘i

including Southern blot,
polymerase chain reaction.
linked immunosorbent assa v

the use of electron micros cop

&
m’.. 1988; Kashina er a/., 2003:

blot.

and enzyme-

quash

(10 addition to

(Czosnek ¢f
. Kashina ¢

, 2007b). TYLCV ix extcnsive ly vectored
b}' aleurodid Bemisia tabaci 1.1&1111. (Nakhla

el al.,

manner (Kashina er al..

1978) in a persistgnt circulative
2007a). A high

degree of sequence diverdity has been

reported among genomes of fhe virus (Pico

et al., 1996).

]"crmsmm.f,

E— i —

an Egyptian i1so

was near l}' identical to TYL(
Isra

from Thailand and Sardinia

el, but more distantly rf

ate of the virus
V isolates from
lated to those
(Nakhlu et ..

Achyranthes

n fomaio crops  §

techniques §
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1993). Abou-Jawadah 1 al (1999) reported vitro, which ranges between 3 and ¢ hours
that Lebanese 1solai

ate of the virus was closely (Rangaswami and Bagyaraj, 2005).

related to E“yptlan Israeli and Jamaican B

; lsolarcs but not 1deut1cal to 1solates from
Sﬂl‘dll‘lld Spﬂm and Thmlﬂnd Addltwndllv

studies have shown that some Tanzania and
Uganda 1solates of TY (v

The virus 15 unlquc among plant viruses
because it is covered by a a lipoprotein
envelope (Cho et al., 1989). It is af single

were similar to stranded RNA (ssRNA) member lof the
those trom Egypt (AVRDC. £994). Isracl

and Sardinia (Kashina e al., 2002a).

family Bunyaviridac (Van Regenmortel ef
al., 2000; Ullman er al,, 2002). This family

includes five genera: bunyalvirus,

Management of TSWV and TYLCV in phlebovirus, hantavirus, nairoviruf, and
tomato production 1s verv difficult and tospovirus (Elliot et al., 1992). TSWV
expensive. Moreover, host resistance to belongs to the genus tospovirus and is the
these viruses is not easy to come by (Zhao et only genus of the Bunvaviridae that|infects
al., 1995, Lapidot et al, 1997). Control plants (Chuei al..2001). ‘1
measurcs largely rely on reduction of |
principal sources of inoculum, control of ~ The tripartite TSWV-RNA penome i made
transmission and use of host plant resistance up of small (S) and medium (M) ambisense
(Ioannou. 1987; Antignus ei al., 1995: segments and a large ('L) nepative| strand
AVRDC, 1996; Jahn ¢f al., 2000: Gomez er from five open reading frames (Mu ‘phy er
al., 2004). This paper reviews the economic al., 1995; Ullman et al., 2002). Thg small.
importance, characteristics, transmission. medium and lar ge segmentls are
host range and management strategies for approximately 2.9, 4.8, and &9 kb |n size.
these viruses. respectively, Its S RNA encodbks the

| nucleocapsid (N) and a nonstructorgl (NS)
CHARACTERISTICS AND protein (Kormelink eral., 1991).
SYMPTOMATOLOGY OFTSWV |

Studies have shown that the NS protein is

TSWV is sphencal with a diameter of about present aftér translation in both the plant cell_
80-110 nm and characteristic spikes on its and insect vector (Wijkamp eral., 1995). The
envelope (Franck: and Hatta, 1981). Its viral capsid (N) protein plays a sigpificant
thermal inactivation point is 45 “C for 10 role in viral replication cycle in a styuctural
_ minutes and dilution - end  point varies from and perhaps, regulatory manner thrqugh ats
10" to 107, The pathogen has a longevity in- function in the formati¢n of
32
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tbonucleoproteins (RNPs) (Adkins. 2000).
RNP molecules are cncapsidated by multiple
copies of the virus encoded N protein to form
RNPs (Schimg ljohan. 1996). M oreover, a fow
copies of the viral L protein, which iy 1
putative RNA-directed RNA polymerase are
found in connection with RNPs (Adkins,
2000). '

Lot (1996) stressed that RNPs are v-:-:;ry
tmportant in infection cvele of the TSWV
and other bunyaviruses. Since they. are not
naked viral genomic RNA, they SErve as
template for both viral gene transcription
and genowme replication, Earlier, Uhrig er al.
(1999) studied N protein Interactions and
postulated that monomers of TSWV interact
through hydrophobic forces in a so called
head-to tail fashion. Kainz ¢i al. (2004)
reported a similar result but areued that the
head-to tail model was not adequate to
account for all aspects of the interaction

between N monomers.

Typical symptoms of TSWD include
chlorotic or necrotic rings, lines, or spots on

leaves. stems, and fruits: necrotic streaks on

stcms; bronzing, curling, and wilting of

lcaves, rings. necrotic spots, and
malformation on fruits; stunting and
nccrosis of pans or whole plants, and
~ reduced yield (Agrios, 2004). Rangaswami
and Bagyara) (2005) reported that TSWD

symptoms are first seen as slightly bunched

-transmission  has ncver

|

appearance al growing points, followed by

- - .
curling of older leaves. The crld’er leaves tum |

bronze with brown coloured markings whic |
1

cylmmate 1 irregular paiches  of durk

tssues, particalirly on the lowér leaves, ;
i !i

The symptoms may spread to cover the

whole leaflets and then to leaffstalks. As the
discase progresses the infected plants |
become stunted. Planis can be infected at any "

result in death while older plants become
stunted with weak shoots.

The infected pla.ts may not produce fruit or

I:"."«_q Chili=d T _.‘F.'_""

they may be of poar quality, [with light red,
yellow, or white discolgurations and

characteristic mottling| symptoms.

=T e e el " c—S . o — e L

Symptoms of TSWD vary greatly with the !
host affected. plant organ afffected, age of |
plant at infection (Agriog. 2004), and !

L
environmental conditions (De La Torre ei
al.,2002). !
|

TRANSMISSION AND HOST RANGE
OFTSWV _z

The virus is trunsmitted exclfsi vely by thrips
In a propagative manner [Persley ¢r al.,
2006). TSWV is not ovarially transmitted
(Assis-Filho er al., 2003) and seed |
been reported |

(Reddy ai.d Wightman. 1J9€8). Although {I

mechanical transnussion bf the viros 18 |
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casible under controlled conditions. such Theretore, £ tritici is not yet an established

o Yors are uncertain in the field (Bald and vector of TSWV {Assis—ﬁum eqzl., 2005).
Jamuel, 1931} Moritz et al. (2004) reported that TS \AY cﬂﬁ

invade the salivary glands of £ oc ci entadiy
" when the brain of the first instar larvac IS
species of thuips but . occidentalic and e displaced out of the head and the cells of the
fusca are the most importan (Riley and forezut and salivary glands are i

-5 \ :
appu, .-:.{)(.“)I. 1TOoOweaver - % O : i .
Papp ). However. while F contact. Thrips can only acquire the virus in

Tospoviruses are catrently vectored by nine

close

ll..l‘ f, "'-“"‘ ‘--‘-.\ . e . § = . i
occidentalis 1s an elficient vector in tomaio the relatively immobile larval siage (Bald

plants, TSWV incidence in tobacco has been and Samuel. 1931). successful x-*ecto‘*s must

associated with 7 jucca population (Riley be able to develop to the adult stage' on the

and Pappu, 2004). In another imvestigation. attacked plant or another near-by plaht after
Joost and Riley (2004) observed a relatively acquiring the pathogen.

high density ol F fusca wm pre-blossomed

tomato plants. Recently, Assis-Filho et al. Moreover, successful vectors must feed on
(2005) detected the virus in Faritici. TSWV susceptible healthy plant before the v Irus can
15 acquned by first mstar thrips feeding on be spread. After transmission. the alility of
nfected host (Assis-Filho eraf.. 2005). the virus to multiply n its host and fjroduce

visible symptoms is influenced by thie plant

The minimum period for virns acquisinion is genotype, plant age, and chimahc conditions
1S tmnutes but efficiency of transmission (Best, [96R),

increases with feeding peried.
Therefore, a sound knowledge of| thrips

The virus enters the midgut epithelal cells. dynamics is essential for hetter
replicates, moves to salivary glands during understanding TSWYV  epidemiology. For
pupation, and 15 transontted over the entire example, B:;Ii](,‘:y (1938) observed an
life of an infected adult (Assis-Filho er ol increase in thrips population in infestgd frui
2002: Nagcata ef al., 2002), orchard when reduced rainfall anfd high
temperatures accelerated drying of [a non-

Additionally. studies have shown that irrigated wild host. Earlier, Bald |(1937)
TSWYV acquired by /. fritic replicated and documented that temperatures above 23.8C
moved within the alimentary canal of the were most favourable for disseminiting _f:
et Fooccidentalis but the virus was nol scidizel while low temperaturcs sup ressed
found in the saliv ary ulnnda a condition for adult activity and prolonged develppment

: it | thali thrips
! ’Lil'LiH tl'L‘H'lHTTHHHHH'I time. *ﬁ\[H“: }'[H!lhﬁg (IQ(—’,] J ["Il'}ted ] N
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migration dechned with neavy rainfall and
low temperatures

TSwWv has an cxtensive host range (Peters,
LR9R). The virus is hosted by over 650 plant
specics ncluding importan Crops such as
Arachis hvpooueq L., Capsicum annuns i,
Solanam ruberasig, L., Nicotiana tabaciom

Log 0 esculentum, and Apium graveioens 1,

(Best, 1968).

Several workers haye reported that these
wild and cultivaied plants serve as natural
reservorr and sources of pPrimary inoculants
(Yudin ef al.. [988: Toapanta er a/., 1996:
Agrios, 2004). Trichilo amd Leigh (1988)
stated that the thrips vectors of the pathogen
are polyphagus and so requently come in
contact with several host plants of dif fering
surtability  for  reproduction. Thus, the
suttabtlity of o particular female vector
mfluences survivorship and transmission

litness ofher offspring (Ullman er al., 2002).

Giroves e al. (2001) observed that Stelloric
media, Scleranihius anmiues, and Sonchuyy
asper weeds diflered greatly in their ability
Lo habour F fusca and sources for
subsequent spread of TSWV in spring. Thig

was attributed to difterential susceptibility

among vegetative and flowering stages of

~the weeds, Therefore, incidence of the virys
wounld be greatest in those plants that are i
the most susceptible stage durtng flight of

virnhlerous thrips (Burdon etal., 1989),

i

MANAGEMENT OF LW

Control of Lospovirus 1s diffiguli because of

it$ wide host range and thrips vectors

kS

(Agrios. 2004). Sustainahlé management
strategies include rouging of mlected plants,
use of TSWV-free ].‘.s_luni'-r]‘lg materials,
chimination of weed hosts and biological
control (Robb, 1989; Ochop ez al., 1996
Loomims er al.. 1997 F'a.m:dcrlmnk el a.
2000: Mans ﬁ'f"af,,, 2003). |

However, integrated control measure
mvolving cultural practices|and host plant
resistance are cwrently the| most eftective
option (Jfohnson ¢ al. 1996). Insecticide

control of its vectors has not peen syccessful

due to development of resistdnee 1o the same
(Zhao er af. 1995). Additignally, the high
Cost and various health hagards associated
with 1ts vse limi ity acceptibility (Maris er
al.,2003).

Consequently, search for alternative control

measures  are being  imviestizated. For

example, Dévi er af. (2004) investigated and

successtully used the extrabts of Mirabilis
ratapa and Harpulia cuparfioides plants 1o
contam the virus, Resistanck gene has been

found 1n chrysanthemum, [ lethuce, pepper

and tomato (Steven ez ol 19492 Borteux and ;

De-Avila, 1994:-Cho Custer er af.. [990;

D.':Illgh[]*u}* af (H"” I‘:J{,}?‘ (_\L‘K'H'}i’H“C.IOITIL'J.{} ¢l _"

al., 2003). Morcover, appifeciable level of

-.-'_-_-.':'"-1"1 -
-

&
E#
b

|

|
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resistance has been 'eparted to its insect

veetors i cabbagpe and o Eroundaut (Kinzer o

al.. 1973; Broadbent o al.. 199(). IFery and
Sohalk, 1991 Rhoda vr 47 1991,

al., 1995 Kogel ¢r o 199

8. Maris e al.,

2002).

some typical examples are the Capsicum

chinense Jacquin  accession Pl 152225,

139236 and Panca (Svin. ONP 275) (Moury
elal.. 1997 ). Thulmhhmu:

hypersensitive response

Is expressed as a
and
controlled by a dominant oene Tsw,

Ingroundnut, a significant level ofresistance
has been reported in G A 1-2846 and Robut
33-1tothe pathogen ( Amin. 1985, Culbreath
elal., 1906).

However. some resistance-breaking isolates
of the virus have emeroed in Brazil, Italy,
Spain and Louisiana (Hobbs ¢r «l.. 1994-
Boiteux and Napau,
2002; Margaria e7 al

19920 Roggero ef al.,

2004).

Furthermore. it has been confirmed that the

nse of th IpS-Tes1siant
ISWHL

Positively

genotypes  might

atfect Iransmission negatively or

For example. Van de Wetering

(1999) reported an increased virus spread on

athnps-resistant chrysanthemum

This was anributed to the altered feeding

hl‘hﬂ\.'lmu'nf F Occrdontals

i 4

I\umar el

1S being

potted Wilt Yospovirus and Tomats v elow §
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PRIV | 18 a member of the geminiviry

|
JAAT, 2(1): 3024, June Jlﬂﬂl
<aF Cupl Be ;,un'-m!nn.

CHARACTERIST IS Ao
SPMPTOMATOLOGY OFRYLLV |

ND

scs
nh chuactt.mtlc-a circular smgle qtrandcd

DNA (ssDNA) genome, of 2 8 kb
¢ncapsidated in geminate particles .Td IS
about 20 x 30 nm in sjze (CABI, 1)90)
There are three genera (begomowms
cartovirus, and mastrevirus)

Geminiviridae family with similar ge
structure (Mayo and Priﬁgle. 1998).

the
omic

The virus' genome encodes six open repding
frames (OFRs). two on the virion (+) 4trand
including the capsid protein, and four dn the
complementary (-) strand consisting of the

Rep gene necessary for TYLCV repli
(Czosnck., eral 1 994).

ation

However, genomic differences are popsible
among isolates from different regions pf the
world. Antignus and Cohen (1994) chrricd
Outa complete nucleotide sequence of 4 mild
Israeli isolate of TYLCV and foynd a
Sequence of p TY 2.8 which was 1Immr
identical in OFRs, (he putative coat pfoicin
gene (VI), V2 oand Rep  genes th the

previously described severe [sraeli Yl ¢

1solate, Conversely, nucleotide scqyence

lht pl.]‘d!l‘n kT i i

: f
ORF and Rep gene of the mild isolard have

mtergenic region,

.f
78, 87, and 76 "4 homolopy. rcﬂpccll‘-'t.‘h’

compared with the previously de kirrhui
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severe lIsraeli isolate. Sequence analvsis of

TYLCV isolates from Israel, Italv and

VIras is unusually
heterogencous (J\t,}r-Pmlr et al., 1991)
Intergenic repion is a reliable indicator of the
relationship among  Geminiviruses and
1solates of the same strain usually have
intergenic region nucleotide sequence
identity preater than 9 %. Moreover,
Fauquet ¢/ al (2008) reported that |1
diﬂfﬂrﬁ:ft. virus. species  associated with
TYLCD could be distinguished based on
nucleotide identity differences.

TYLCV-infected plants  exhibit marked
stunting, branches and petioles tend to
assume an ercct position, leaflets are upward
and inward. revealing, severe interveinal
chlorosis. small leat size, tlower abortion,
reduced fruit set and infected young plants
produce almost no marketable vield
(Pilowsky and Cehen, 1990).

TRANSMISSION AND HOST RANGE
OFTYLCV

TYLCV i1s vectored mainly by the dluurudid
whitefly (8. rabaci) in a persistent mdnnc

TYLCD incidence and whitefly population
arc . positively correlated (Cohen and
Nitzany. 1966; Cohen and Antignus, 1994:
Sanchez - (;iunpfm et al., 2000). Studies have

shown that the virus can be passed

r..l‘... i’d‘_'q.-l-"' illl" '.'\-ﬂﬂ" "‘IIE.'—-. — e -

|

FALL 2000 2083, Fune 20y b
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and theough moultune (Coken and ‘\mzam :

1966; Ghanim et «/ ﬁ‘-]g"\. Bosco ef al '.

30{}4_1. Following acquisitign by the inscqi

vector, the v {(iva gnd. 1111L:..E111t”-

remains assoclated with the WClu,E

throughout its lifetime (Rubuistein and}
Czosnek, 19971,
Female B. tabaci are imore [etficient vector
than males (Cohen and Nitizany, 1966). Thet
mnimuom acquisition access period (AAP)
and inoculation access periods (LAP) ane)
approximately 10 to 20 nﬁin. However, tlié ;
rate of transmission incicases with long
AAPs and [APs. The minupom latent px.nod,fg
varies from 28 48 b and thf maximum ﬂtcnlﬁ

period is 48 I (loannou, |9&5: Brown :md*‘
Nelson, 1988; Mansour anfi Al-Musa, 1992)E

5 ‘*l ." =i

The viras persists in the [vector for 11 —-I
days (Kashina er af., 200fa) but it does uot
replicate in it (Cohen apd Nitzany. L9663
loannou, 1985). The wid(: range of value 1~[,

an indication of the effic

ﬁm *-lr-—-.""“; .F-gl:ﬂ'.

F— ]

ency with whichaf

given virus establishes a|systemic infection
in a plant rather than differences in they

1
velocity  of translocati¢n in the vuctor.E
\

Ghanim eral. (2001) obs¢rved that in spite nl-'
the female B. tubaci higher etticiency 01'
transmission of TYLC) than malcs: Ihtr‘

virus was detected i th salivary glands uh-

_both after approximatgly the same .\.-UI

Mehta e¢r «f (1994) [observed that thcf‘j

Scanned by TapScanner
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related strains trom Hovpl wus 24 h while

Cactagaly er af. (1904, reparted 17 b for the

distant TYLCV Irom Sardinig

Theethciency of TY ¢y transmission by B

fabact 18 Influenced b

¥ the vecior's fithess.

and that 15 a function of (e physiological

source plants, A TYLCV
susceptible tomato culiiv

condiion of the

ar could be prone to

high risk of virus after in fection. However,

as the mfected plants detenorate due 1o

expression  of  disease sywptoms,  their

abihty to act as virus source dechnes.
Conversely, a field of moderately resistant

tomate cultivars such as 84874 will SCrye

/
an eliective reservoir of the virus throughout

A8

the season, because they do not deteriorate as

much as the former (Lapidot e 4f.. 200 1.

These researchers funher elucidated that
plants exhibiting a high level of resistance to
the virus pose the lowest risk of TYLCD
epidemics. TYLCV can be transmitted by
1985) but

transmission

gralting (Toannou, seed  and
have not been

| 98K

mechanical

successful (Brown and Nelson.

Kashiaceral. 2007a).

Various anatomical and immunolocalization
Studies  have indicated that geminivirus
Particles are probably ingested along the
Phloem sap of infected tissues through the
Stylets. the esophagus and I“mully mto the

filter chamber Virions are then conveyed

\ QO . . o e g Ak s LT * na.
DL SRS oF Resea el MO Foraato Spoted Wil Tospovicus awd Tonsate Yelicw Lp
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|

through the gut wall into the haen.mmef and
finally to the salivary glands. Thg vilus s
translocated into salivary duct and| then
l'j.?_i.‘_((:.l'_t.‘tl."d_ during I'bed‘ing_ (I-lﬂrri.:ﬁ_e! ai., [1995:

Hunter, 1998: Ghanim ef al.,2001). g

Investigating the route of the virus, Ghanim
etal. (2001) first detecied it in the head of B,
tabaci after a 10 min. AAP, in the mideut
after 40 min., and was first observed fin the
haemolymph afier 90 mi'n* Furthermore, the
virus was detected in the salivary gland 5.5 h

afterit was first noticed in the haemolymph.

Several wild and caltivated plants hav{ been
reported as alternative hosts of TYLCV In
Cyprus, the plants that serve as natural hosts
of the virus include D. stramonim. I
ecculentum, N. wild
Lycopersicon spp. (Toannou, [9&7:
Rapisarda, 1990).

tabacum, and

In Israel and Jordan D. :crramrmiumr Lens
esculenta Moench, Malva micaensis ATl

M. parviflora L. N. tabacun:, and Phaseolus

vulgaris L. have been reported as its watural
hosts (Cohen and Nirzunjr, 1966: N[lzany,
1975, Al-Musa, 1986: Cohen ef al.,| 1988:
Al-Musa 1992).

Womdim er al. (1996) reported Achys

Mansour and lOno-

nthes

aspera, Euphorbia heterophvlle and

Nicandra physaloides as natural hgsts of
TYLCV in Tanzania. Additionally.
(2002b) weed gpecies

er al found the
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Achanth ospermum hispidum 1, posed by the disease \gm immstance, plantmg
Amaranthus spmosus L., A, viridis L, may be delayed in order to avold periods of
_Brrif.*ns pilosa L., Bae;havm diffusa. peak vector populations, which. oﬂcn occurs
Cassia oc c‘n:l'entalm Y Ch;-amo!m-m after perirﬁis ol high tcmﬁerarure and luw r
odorata (1. ) R M. King &. H. Rob., relative humidity (loannou and lordanoy,
Commelina erecta L. Edzpta prostrata (L.} 1985). 4
L., Erigeron ﬂor:bundus (Kunth) Sch. Bip.,
Ipomoea batatas L., Physalis angulata 1.., Interplanting tomato plants|with other crops '
Portulata retusa Engelm.. and Sida acuta such as cucumber, eggplants and peppers is _'.f
Burm. f. as experimental hosts of the virus in another strategy that has recorded some level
Tanzania. of success. The practice | 18 effective in |
diverting the whiteflies frorh tomato to other '-"; :
MANAGEMENT OFTYLCV preferred hosts, especiallyl if the latter is |
Management of TYLCV is verv difficult, planted carlier than tomdioes (Al-Musa,
expensive, and has limited options (Lapidot 1982). Mulching of the seed beds prior to
and Friedmann, 2002). Farm sanitation, . transplanting of tomato seledling has been
which involves the clearing of weeds, debris enmployed todelay TYLCV Enfec‘tion-(_Coheu 1;
of tomato plants and other sc;]anacedus.cmps et al, 1974) for at least two weeks by §
in which the virus has overwintered is discouraging vector landir|g on the Crops.
adopted by tornato farmers. This measuare is Antignus et al. (1996) reported  that
also effective in restricting the migration of ultra\;’iolet absorbing plastic sheets and
viruliferous whiteflies (loannou, 1987: Screens can be used to reduge peneiration of
iy ,_: 1988). Also, the. use of virus whiteflies into covered greehhouses.
frée planting materials has been,
recommended. This is vital because early Biological control using predators or
appearance of TYLCD with its attendant parasites Encarsa formosq, E. lutea and
high yield loss 15 aggravated if infected Eremocerus mundus has been successtully
seed)ings are transplanted (Kashina e al., used to control the insect vector and virus
206)2b). The/young infected plants serve as spread in the Mediterrinean regions.
Pﬁfﬁm'}' sources for secondary spread of the However, a sound knowled f{: of the delicate
virus (0 healthy plants. Interaction berween whitefly and its natural
- cnemies i1s a prercquisite;  otherwise,
Manipulation Ef sowing date is another indiscrimincte use of the agents of control
strategy being used o eradicate the threat can disrupt this balance (INatarajan, 199():
Henneberry and Bellows, ]L%"IS). p
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5 The spread of TYLCD can pe partially
“euntailed by spraying insecticides against its
~vector (Cohen er f.

T ,_'--":‘Dr,iha'ﬁ

1974, Berlinger and
19893

The
velop resistance

deleterions effect
on the environment (Dittrich f al.,

1996). Other difficulties

msecticides

i leudE stmultaneous presence of different
develnpmenta] stages

S of vector population

- among neighboring fields (Al-Musa, 1986).

Lacasa and Contrerag (1995) reported that
level of success was  achieved in

reducing the vector population when

nsecticide Spray coincided with the early
stages of insect development. but the
strategy failed to reduce meidence of the
disease as the number of Insects required for
field epidemics is often very low, and the

ransmission efficiency is very high,

The use of resistant genmypes' Seems to bhe a
Promising approach for TYLCV control.
Resistance (0 the virus has been found in

wild relatives of ihe cultivated lomato

(Geneif, 1984: Kasrawi er al., 1988). Earlier

studies on breeding for resistance to the
Pathogen began al (he Volcani Center in
[srael in 1974
qupﬂwrrm pimpinellifolin (Jusl) Mil

as a donor of resistance gene (P1I0kav and
Cohen, 1974).

Partial effect of
,nchtlt:ldes 1s due to the Jow sensitivity of

whlteﬂs, its ability to (e

usmg accession LA 121 of

AN

patin place in 1077 44 Incarporate tolfmnﬁﬂ:

However, TYLCV control wag accompanied

with marked reduced growth “md yield.
Therefore, a new breeding programime was

from accession P1 126935 of L-‘ perunianm

(L)) Mill., resulting in the develupment of F,
hybrid TY 20 (Pilowsky et al., 1989).

This cultivar exhibited delayed Symptoms
and accumulation of vira] DNA (Rom et al.,
1993). Advanced breeding lines with high
levels of resistance derived from several
wild Lyeopersicon Spp. have been developed
and are now wuit,ly utilized in rhc breeding
of desirable F, hybrids (Lapidot ef al 1997,
Friedmann et al., 1998). Pilows

Cohen (1990) reported that tolerapce to
TYLCV was inherited ag recessive trait.
Resistance of plants to the virus is controlled
by five recessive genes (Pilowsky and
Cohen, 1990). ‘Howeve'r Kasrawi I( 1989)
indicated that resistance 1o TYLEV &
mndnmnedbyaamgludommanlge ng.

Abou Jawdah ef al. (1999) found in the field
and screenhouse experiments that the fomato
caltivars TY C arld, PSR and RS liriés were
resistant and also exhibited detedminate

growth while S & G 143 and the DR lines
WETE  resistant

with sem determinate

growth, respectively. Earlier, Abou Jawdah
¢t al. (1996) found the wild acbession

Lyeopersicon chilense LA 1969
resistant 1o the virus.
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The tomato lines LD 3, LD 4, LD 5, and LD
0 were resistant to TYLCV while '‘ARO
8479 and "HA 3108 were tolerant o it

(Gomezer al., 2004).

- ‘Furthermdre, Kashina 1 gl (2004) reporied

that the tomato cultivar TY 172 was resistant
to the virus in Tanzania.

Atabekov and D_orokhd%; (1984) reported
that inhibition of virus accumulation and/or

virus short and long distance movement are

among the most conspicuous mechanisms of

plant virus resistance. Ber ef al. (1990)
observed that TYLCV DNA in susceplible
plants translocated from the inoculated
youngest leat to the four and five upper
leaves and finally to the roots. the same route
tollowed by assimilates.

Converﬁe]y, movement in tolerant plants
was himited (o the second leaf and to the
shoot apex which was probably due to
restricted rate of cell to cell moveément in
the tolerant lines. Michelson et al. (1994)
compared two nearly isogenic lines
(susceptible and tolerant), “Which differed
only in a simgle mapped chromosomal
segment and found that TYLCV DNA rarely
accumulated in leaves of the tolerant line 52:
when the level of inoculum was  high,
significant amounts of viral DNA were
observed.but it accumulated at a rate slower
than that in r:u.&:cptiblc line 50.

41

M\TY LCV reswtance undc; field candltloml‘_ﬂj

feasible to use a single strgtegy to achieve b

Most of the techmiques usdd for genetic allv :

engineered resistance 1 bégomoviruses are f

o
s W

based on the replication msuudlul protein

(Rep) sequence. Yangetal l( 2004) evaluated :

using difTerent constructs' of the TYLCV.“;‘E-'

replication associated pmtmn (Rep) and C4 §
gene sequences and redorded the best .'
resistance in the constructs Lontduung, '
antergenic region (IR) .:md 2/5 Rep Uc*ng .
sequences of the virus in r..ﬂh:: the sense or §
ambisense orientation i\lmb resistance w&s

observed at high frequency in both the R, dnd
R; generations.

re
CONCLUSION AND FUTURE |
RESEARCHAREAS |

TSWYV and TYLCYV are prgvalent the world

over. Although market deipand for tomato £

continues to increase profluctivity js notjt

justified by the ever incrdasing cultivated &

land area. Iniensive studies hav-'.: ‘been
cnnducted to investigate thje epidemiology | |
and survival of these viruges and different f
sirategies have been used (o manage them F
with varying levels of succeks. Since it is nol Fi

o

absolute control of the viruses, integration of i‘
the strategics highlighted 11-1 this review can i
1 3

_ _ g
be exploited as a veritable tool for f

!
'S

|

However; future research fhould focus on ;

Sustamable management | of the same.

identification of the various strains in each

['f
[

|
¥
b
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agro-ccolegical zone with 3 view to breeding

cultivars with multiple resistance to them.

rmation on the
alternative hosts of these viruses is essentiaj
in each country where the diseases oCCur,
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