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ABSTRACT. Transmission of citrus tristeza virus (CTV) by aphids was tried with 
two Spanish CTV isolates, T-300 and T-308. Isolate T-300 causes mild symptoms on 
Mexican Lime and is very widespread, while T-308 is very severe on Mexican Lime and 
has a limited distribution. 

Transmission of the two isolates was tried using 200 aphidstplant of the most im- 
portant aphid species found on citrus in Spain: Aphis citricola, Toxoptera aurantii, 
Myxus persicae, Aphis gossypii, Aphis fabae and Aphis craccivora. Two other aphid 
species, Aphis nerii and Hyalopterus pruni were tested, only with the T-300 isolate. 

Isolate T-308 was transmitted only by A. gossypii with an efficiency of 28%, 
whereas the isolate T-300 was transmitted by A. gossypii (78%), by A. citricola (6%) 
and by T. aurantii (6%). 

Tristeza was first detected in 
Spain a t  the Ribera Alta area in 
Valencia in 1957. Subsequently it 
spread to various citrus growing 
areas, and thus far, about 8 million 
trees have been killed by the disease 
and many thousands more are in 
different stages of decline. 

At present, the following seven 
insect species from the Aphididae 
(Homoptera), have been establish- 
ed as CTV vectors in different 
counties : Toxoptera citricidus 
(Kirk.) (9 ) ,  Aphis gossypii Glover 
(6) ,  Aphis citricola Van der Goot 
(11) , Toxoptera aurantii (Boyer de 
Fonsicolombe) (12), Myxus (Nec- 

tarosiphon) persicne (Lube.) (16), 
and Aphis craccivora Koch and 
Uroleucon (Uromelan) jaceae 
(Linnaeus) (15). Differences of 
transmission efficiency have been 
observed among the various aphid 
species and virus isolates used by 
different authors (1, 2, 4, 5, 12, 13, 
14,15,16). 

In previous work, the composi- 
tion of the aphid fauna feeding on 
citrus was studied in areas where 
natural spread of CTV occurred 
(8) .  The following species were 
found: A. citricola, T. aurantii, M. 
persicae, A. gossypii, Aphis fabae 
Scopoli, A. craccivora, Macrosip- 
hum euphorbiae (Thomas) and 
Brachycaudus helichrysi (Kaltea- 

bach) . Nevertheless, the species re- 
sponsible for CTV spread in Spain 
remained undetermined with trans- 
mission experiments with this ob- 
jective were begun. 

The relative frequency of the 
different species was evaluated by 
means of yellow water traps (un- 
published results) and since M. 
euphorbiae and B. helichrysi ap- 
peared in negligible quantities they 
were not included in this study. 
However, two other species were 
included: Aphis nerii Boyer de 
Fonscolombe and Hyaloptems 
pruni (Geoffroy) . Neither have 
been found on citrus in Spain, and 
moreover the second one has never 
been reported on citrus. However, 
CTV could be detected in both of 
them by the immunoenzymatic 
ELISA method after feeding on 
CTV infected plants (3).  

In this paper we report the first 
results of the transmission experi- 
ments carried out with several 
aphid species and some Spanish 
isolates of CTV. 

MATERIALS AND METHODS 

Transmissibility of CTV iso- 
lates was tested with the following 
aphid species : A. citricola, T. 
aurantii, M. persicae, A. gossypii, 
A. fabae, A. craccivora, A. nerii, 
and H. pruni. Two CTV isolates 
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coded as T-300 and T-308, from 
citrus growing areas of Spain were 
used. 

Isolate T-300 induces mild 
symptoms on Mexican lime and it 
was obtained by exposing healthy 
Mexican lime seedlings to natural 
infection in the field. This isolate 
was representative of the common- 
est type of CTV in Spain and it 
was suspected to be highly trans- 
missible in the field. 

In  contrast, isolate T-308 in- 
duces very severe symptoms on 
Mexican lime including stunting, 
vein clearing, leaf yellowing, vein 
corking and severe stem pitting. 
This isolate was obtained from a 
calamondin tree that was known to 
be infected for many years. Since 
none of the trees around became 
infected i t  was suspected to be a 
poorly transmissible isolate. 

Virus source plants were pre- 
pared by graft-inoculating each 
CTV isolate on several potted 
Madame Vinous sweet orange 
seedlings. Plants were pruned 
periodically to produce young 
shoots for aphid feeding. 

Some of the aphid species used 
in transmission experiments were 
collected from field trees and some 
others were reared in controlled 
environment growth chambers a t  
22 + 1.5 C, 70 t 10% relative hu- 
midity and a 15-hour photoperiod 
a t  700 lux. A. citricola and T.  
aurantii were collected from field 
citrus trees, A. nerii from oleander 
plants (Nerium oleander L.) and 
H. pruni from peach trees (Prunus 
persicae L.) . A. gossypii was reared 
on cotton and A. craccivora, A. 
fabae and M. persicae on broad 
bean plants in a controlled environ- 
ment chamber. 

Usually, 50 Mexican lime 
plants, about 30 cm high were used 
for each aphid species and virus 
isolate in transmission experi- 
ments. A. nerii and H. pruni were 
tested only with isolate T-300 using 
40 and 17 Mexican lime plants, re- 

spectively. Negative controls con- 
sisted of three plants (six for A. 
citricola) in which aphids of the 
different species were fed without a 
previous acquisition feeding on 
virus-infected plants. 

Transmission experiments with 
each aphid species were carried out 
in the following way: leaf pieces 
carrying about 200 aphids were 
caged in transparent rigid plastic 
tubes 8 cm long and 3 cm in di- 
ameter with one end closed by a 
screen of tergal or silk cloth. A 
young shoot or a leaf of the virus 
source plant was introduced into 
the cage and a strip of foam was 
wound around the shoot or leaf 
petiole to close the cage and to keep 
i t  attached to the source plant. The 
aphids moved from the leaf pieces 
to the young shoot or leaf of the 
source plant inside the cage. After 
48 hours the shoot or leaf was cut 
off the plant, the cage with aphids 
inside was attached to a healthy 
Mexican lime plant as previously 
described and i t  was kept there for 
another 48 hours. During that time 
aphids moved from the source plant 
shoot to the Mexican lime receptors. 
Finally, the cages were removed 
and the aphids were killed by 
spraying with nicotine. 

All these operations were 
carried out in the controlled en- 
vironment chambers used for aphid 
rearing. 

After aphid inoculation feeding, 
Mexican lime plants were trans- 
ferred to a greenhouse with 
temperatures ranging from 18 C 
to 25 C. Plants were checked for 
foliar symptoms periodically over 
a 6 month period and after that 
period lime plants were cut, the 
bark was removed and the trunks 
were checked for stem pitting. 

RESULTS 

Results of transmission experi- 
ments are shown in table 1. Isolate 
T-308 was transmitted only by A. 
gossypii with a transmission rate 
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TABLE 1 
TRANSMISSION O F  TWO CTV ISOLATES FOUND I N  SPAIN 

BY SEVERAL APHID SPECIES 

CTV isolate 
T-300 T-308 Controls 

Aphid species  transmission^ (%) Transmission (%) Transmission (%) 

Aphis  citricola 3/50 6 0150 0 016 0 
Toxoptera aurantii  3/50 6 0150 0 013 0 
Myxus persicae 0150 0 0150 0 013 0 
Aphis  gossylyii 39/50 78 14/50 28 0 
Aphis  fabae 0150 0 0150 0 

013 

Aphis  craccivora 0150 0 0150 0 013 0 
013 

Aphis  nerii  0140 0 - - - - 
Hyalopterus pruni 0117 0 - - - - 

XNumerator = no. of infected plants; denominator = no. of inoculated plants. 

of 28%. Isolate T-300 was trans- Florida (11). In California, in- 
mitted by A. gossypii with high creased transmission efficiency of 
efficiency (78%) and by A. citricola A. gossypii was pointed out by 
and by T. aurantii with lower Roistacher et al. (14), who sug- 
efficiency (6% in both cases). Com- gested the virus mutated to strains 
plete symptom homogeneity was ob- readily transmissible by this aphid. 
served between the plants inocu- The ability of A. citricola to 
lated by aphids and the correspond- transmit the common tristeza in 
ing virus source plant. Spain is in agreement with results 

DISCUSSION 
obtained in Florida (11,12), Israel 
(13) and India (10). T. aurantii, 

In previous work (3), the which is able to transmit tristeza 
ELISA technique enabled CTV de- in Spain, was also reported as  a 
tection in the eight aphid species CTV vector in Florida (12) and 
used above after they were fed on India (4),  but i t  was unable to 
CTV-infected plants. In the pres- transmit two tristeza isolates in 
ent transmission experiments only Israel (13). 
three of the eight species were able The rest of the aphid species 
to transmit isolate T-300 and only assayed in this work failed to 
one transmitted isolate T-308. This transmit tristeza. Of these, only A. 
indicates that different aphid craccivora and M. persicae have 
species can acquire CTV, regard- been reported as CTV vectors in 
less of their ability of transmit India (4, 15, 16). No transmission 
the virus to healthy plants. was achieved with M. persicae in 

The ability of different aphid Israel (13). 
species to transmit CTV was vari- Vector efficiency was different 
able. Under our experimental con- with the two isolates assayed. Iso- 
ditions, A. gossypii was the most late T-308 could not be transmitted 
efficient vector for the common by A. citricola and T.  aurantii. 
tristeza present in Spain. High Variability of vector efficiency with 
vector efficiency of A. gossypii was different tristeza isolates has been 
found with CTV isolates from observed elsewhere with A. gossypii 
Florida (12), California (14), (4, 13, 14) as well as with A. citri- 
India (4 ,  16) and Israel (13), cola (13) and T.  aurantii (4). 
while low or no transmission was Low transmissibility found with 
obtained in Brazil (2) and in the the severe isolate T-308 might ex- 
early years in California (7) and plain reduced spread of severe CTV 
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isolates that may be present in 
Spain, compared with the im- 
portant spread of milder isolates 
(similar to T-300). 

In  a previous survey (un- 
published) i t  was determined that 
A. citricola is, by far, the most 
abundant species found in Spanish 
citrus areas. This finding and re- 
sults presented here suggest 
these two vectors as mainly re- 
sponsible for natural spread of 
tristeza in Spain : A. gossypii, more 

efficient but less abundant, and A. 
citricola, less efficient but more 
abundant. 

ACKNOWLEDGEMENTS 
We wish to express our ap- 

preciation to Drs. C. Fuertes, P. 
Moreno, L. Navarro, and M. 
Cambra for reading the manu- 
script and for suggestions given, 
and also to M. M. S. Cardo, A. Con- 
chilla and E. Cardo for their as- 
sistance in the plant culture. 

LITERATURE CITED 
BALARAMAN, K., and K. RAMAKRISHAN 

1979. Transmission studies with strains of citrus tristeza virus on acid lime. 
Z. Pflanzenkrankheiten und Pflanzenschutz 86: 653-661. 

BENNETT, C. W., and A. S. COSTA 
1949. Tristeza disease of Citrus. J. Agric. Res. 78: 207-237. 

CAMBRA, M., A. HERMOSO DE MENDOZA, P. MORENO, and L. NAVARRO 
1982. Use of Enzyme-Linked Immunosorbent Assay (ELISA) for detection 

of citrus tristeza virus (CTV) in different aphid species. 1981. Proc. 
Int. Soc. Citriculture 1 : 444-448. 

CAPOOR, S. P., and D. G. RAO 
1967. Tristeza virus infection of citrus in India, p. 723-736. I n  Proc. Int. Symp. 

Sub-trop. and Trop. Hort. 
COSTA, A. S., and T. J. GRANT 

1951. Studies on transmission of the tristeza virus by the vector, Aphis citri- 
cidus. Phytopathology 41 : 105-113. 

DICKSON, R. C., R. A. FLOCK, and M. McD. JOHNSON 
1951. Insect transmission of Citrus Quick-decline Virus. J. Econ. Entomol. 

44: 172-176. 
DICKSON, R. C., M. McD. JOHNSON, R. A. FLOCK, and E. F. LAIRD, JR. 

1956. Flying aphid populations in southern California citrus groves and 
their relation to the transmission of the tristeza virus. Phytopathology 
46: 204-210. 

HERMOSO DE MENDOZA, A. 
1982. Pugons (Homoptera, Aphidinea) dels citrics del Pais Valencih. Anales 

INIA, Ser. Agricola 21: 157-174. 
MENEGHINI, M. 

1946. Sobre a naturaleza e transmissibilidade da doenca "Tristeza" dos Citrus. 
0 Biologic0 12: 285-287. 

NAIDU, R. 
1980. Aphis  citricola van der Goot-a new vector of citrus tristeza virus in 

India. Curr. Sci. 49: 668-669. 
NORMAN, P. A., and T. J. GRANT 

1954. Preliminary studies of aphid transmission of tristeza virus in Florida. 
The Citrus Industry 35: 10-12. 

NORMAN, P. A., and T. J. GRANT 
1956. Transmission of tristeza virus by aphids in Florida. Proc. Fla. Hort. Soc. 

69: 38-42. 
RACCAH, B., G. LOEBENSTEIN, M. BAR-JOSEPH, and Y. OREN 

1976. Transmission of tristeza by aphids prevalent on Citrus, and operation 
of the tristeza suppression programme in Israel, p. 47-49. In Proc. 7th 
Conf. IOCV. IOCV, Riverside. 

ROISTACHER, C. N., E. M. NAUER, A. KISHABA, and E. C. CALAVAN. 
1980. Transmission of citrus tristeza virus by Aphis  gossypii reflecting changes 

in virus transmissibility in California, p. 76-82. In Proc. 8th Conf. IOCV. 
IOCV, Riverside. 



Tristexa and Related Diseases 27 

15. VARMA, P. M., D. G. RAO, and S. P. CAPOOR 
1965. Transmission of tristeza virus by Aphis craccivora (Koch) and Dacty- 

notus jaceae (L.). Indian J. Entomol. 27: 67-71. 
16. VARMA, P. M., D. G. RAO, and R. S. VASUDEVA 

1960. Additional vectors of tristeza disease of Citrus in India. Curr. Sci. 29: 359. 


	9th_023.jpg
	9th_024.jpg
	9th_025.jpg
	9th_026.jpg
	9th_027.jpg

