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ABSTRACT, Citrus virus and virus-like diseases produce-
very important economic losses to the citrus industry. In most
cases this problem can besolved in new plantings by using
virus-free propagative material. To obtain this healthy ma-
terial it is necessary to carry out citrus sanitary improvement
programs, that have to include the following steps: 1. Select-
ion of mother trees. 2. Indexing of mother trees. 3. Shoot
tip grafting ín vitro. 4. mdexing of resulting plants. 5. Hor-
ticultural evaluation of healthy plants. 6 Maintenance of
healthy plants. The characteristics of these steps will be dis-
cussed, with special reference to the technique of shoottip
grafting in vitro.

Citrus virus and virus like diseases produce very important economic los-
ses in most countries. In general, they cause decline, loss of vigor and short
commercial life of trees, low yields and poor fruit quality and they restrict
the use of many rootstocks. The use of virus free budwood for commercial
propagation is necessary to control these diseases.
Virus-free budwood of internationally grown varieties is generally availa-

ble, but healthy budwood of locally grown clones is not. In consequence, pro-
grams to recover virus-free citrus plants have to be established in most coun-
tries. The availability of the technique of shoot-tip grafting in vitro to reco-
ver virus-free citrus plants, (10, 16) and the refinement of the indexing tech-
niques (3) has greatly increased the efficiency of these programs.
Citrus Variety Improvement programs should havethe following basic steps:

1) selection of mother trees; 2) indexing of mother trees; 3) shoot-tip grafting
in vitro; 4) indexing of micrografted plants; 5) horticultural evaluation of
healthy plants, and 6) maintenance of healthy piants.
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1. SELECTION OF MOTHER TREES

Individual trees of each clon included in the programs haveto be selected
according to horticultural criteria. Virus content shouid notbe taken into con-
sideration for tree selection, since there are methods for virus elimination.
In the past several programs attempted to select virus-free trees in commer-
cial plantings discarding all trees that indexed positive; this method is not rec-
ommended because many trees of superior horticultural vaue are discarded
due to infection with viruses and, in many cases, one hundred per cent of
the trees may be infected (5, 8, 12). In citrus, new varieties are often produ-
ced by natural bud mutation in the field; for these varieties, the original tree
where the mutation appeared should be selected when available.

2. INDEXING OF MOTHER TREES

Infectivity methods of inoculation to citrus indicator plants are the only
means to index most citrus virus and virus-like diseases (3, 17, 22). Table 1

shows the indicator plants, their growing conditions and the average time nee-
ded symptom expression of the main citrus virus and virus-like diseases. The
time required for symptom expression is only indicative; any test sould only
be concluded when the positive controls (the mildest available isolate of each
pathogen) show symptoms. The cultivars listed in table 1 are used in several
countries with good results; however, in some cases local cultivars may also
give good, results.
Concave grum, cristacortis, psorosis and impietratura produce similar

symptoms in greenhouse growing indicator plants. Psorosis can be distinguish-
ed from the others by challenge inoculation with psorosis lesion bark inocu-
lum (19). Any further identification requires inoculation offield trees that
need several years for symptom expression.
These ELISA technique can be used for diagnosis of tristeza (2), stubborn

(21) and infectious variegation-crinkly leaf (6). Stubborn can also be indexed
by culturing of Spiroplasma citri in vitro (7).

Biochemical methods are being developed for detection of the citrus exo-
cortis viroid (1). In a near future these methods will probably be used routi-
nely for exocortis indexing.

3. SHOOT-TIP GRAFTING IN VITRO

Three methods are available to recover virus-free citrus plants: thermothe-
rapy, nucellar embryony, and shoot tip grafting in vitro.
Thermotherapy has been successful in eliminating some citrus virus and

virus-like diseases but is has failed to eliminate others, such as exocortis and
syloporosis (4, 18). These two discases are widely distributed in most coun-
tries. Consequently, thermotherapy has important limitations and presently
it is not recommended for citrus sanitation.

Nucellar embryony in vivo and in vitro, as a means for recovering virus-
free plants for monoembryonic and polyembryonic citrus cultivars though
effective, has certain limitations and liabilities (14, 18, 23). Nucellar progeny
have juvenile characters and thus, they are late in bearing, excessively vigo-
rous, thorny and the initial crops are of poor quality. These characteristics
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diminish slowly and the plants have to be grown for many years before they
are acceptable for commercial propagation.
Shoot-tip grafting in vitro has been effective to eliminate all major virus

and virus-like citrus pathogens; the resulting plants do not have juvenile char-
acters and they can be available for budwood increase within one or two years
from micrografting (11, 12, 14, 16, 20). Considering these overall advanta-
ges, shoot-tip grafting is recommended as the best available technique to re-
cover healthy citrus plants and it is being used for this purpose in many
countries!!,

á. INDEXING OF RESULTING PLANTS

Plants recovered by any of the above mentioned methods have to be care-
fully indexed for the same discases detected in the mother trees to ascertain
that they are healthy. Psorosis, concave gum, cristacortis and impietratura
produce sometimes very mild symptoms and are difficult to diagnose; plants
should be indexed at least twice for these diseases.

5. HORTICULTURAL EVALUATION OF HEALTHY PLANTS

Healthy plants should be studied in detail to ascertain that are true-to-type
and to know their horticultural performance. Off-type plants may be pro-
duced by nucellar embryony but they have not been reported with thermother-
apy or shoot-tip grafting.

6. MAINTENANCE OF HEALTHY PLANTS

Virus-free plants have to be grown outside in isolated areas (foundation
block) and/or in insect proof screenhouses (protected foundation block) to
prevent reinfection with diseases. These blocks will be a primary source of
propagating material.
In Spain we are carrying out a citrus variety improvement program follow-

ing this scheme. It started in 1975 with the objetive of recovering virus-free
true-to-type plants ofall cultivars grown in Spain and to release virus-free
budwood to citrus nurseries (9, 10, 12, 13). An additional objective was to
establish a germplasm bank of virus-free plants.
Presently the program has over 150 accessions that are being studied in the

different steps of the program. Indexing is carried out with all methods pre-
viously described and the indicator shown in table 1. It is important to note
that all the Spanish cultivars inciuded in the CYIPS are infected with viruses
and more than 50%of the mother trees have at least threc different diseases
(12). All the cultivars presently grown in Spain and the most promising new
cultivars have already been recovered free of viruses and have been released .

to citrus nurseries. in the last two years over three million nursery plants ori-
ginated from this program have been planted in the field.
All cultivars included in the program are part of a citrus germplasm bank

composed only of healthy plants. This bank should have all cultivars to meet
the needs of commercial propagation and research. It is formed by a field
planting of trees and by plants growing in pots in insect-proof screenhouses
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that are the «protected foundation block»to provide the prime budwood for
commercial propagation.
The availability of virus-free plants is producing an important impact in

our industry. Spain is the first country where most of the citrus cultivars pro-
pagated at citrus nurseries have been originated in test tubes by shoot-tip
grafting.
Although many citrus selections are available in Spain it is desirable to in-

troduce new cultivars to cover the production ofthe different species throug-
hout the season. Many citrus and citrus-relatives species and varieties also
have to be introduced to complete the germplasm bank, that is necessary for
citrus research. However, the exchange of vegetative plant material may lead
to the introduction of new pests and diseases which, in some instances may
be devastating to the citrus industry.
To solve this problem a Citrus Quarantine Station was established in Spain

in 1982 (15). It is based on a tissue culture technique consisting of culturing
in vitro the imported budwood to induce the formation of flushes, from which
shoottips are isolated and micrografted in vitro to recover whole plants that
are grown in a quarantine greenhouse for indexing. The only material actually
introduced in the country with this method is a 0.1-0.2 mm long shoot tip
that is free of pests and fungal and bacterial diseases and in most cases is
also free of virus and virus-like diseases.
One of the major advantages of this procedure is that pests and diseases

that could be carried by the original budwood are eliminated at the initial
stages of introduction. Another advantage, is that the quarantine station can
be located at Citrus Research Stations having tissue culture facilities. Test
tubes are the substitutes of greenhouses located in areas where cirus are not
grown. In many countries, central isolated quarantine facilities are not avail-
able and it is very difficult to establish them only for citrus. At the sameti-
me, STG is being used in many Citrus Research Stations. Thus, this quaran-
tine procedure based on tissue culture may allow an easy and safe importa-
tion of citrus vegetative material in many areas where now is being introdu-
ced without sufficient precautions.

CONCLUSION

Citrus virus and virus-like diseases can be effectively controlled by using
healthy budwood for commercial propagation, although additional measu-
res have to be taken to control vector transmitted diseases. The methodology
to recover healthy material is readily available at a relatively low cost and
it can be used in most citrus areas in variety improvement programs. Bene-
fits of these programs are very important for the citrus industries.
Special precautions should be taken for the exchangeofcitrus plant mate-

rial from one area to the other to avoid spreading of diseases. The use of
high guarantee certified material or the application of quarantine measures
is recommended for citrus vegetative material exchange.
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Table 1.— Detection of the main citrus virus and virus-like diseases by graft inoculation to indica-
tor plants.

a) TIME FOR SYMPTON
DISEASE INDICATORS CONDITIONS EXPRESSION

(months)
Tristeza Mexican lime Greenhouse 18-25 “C 1-80
Seedling yellows-tristeza Sour Orange, grapefruit,

Eureka lemon Greenhouse 18-25 *C 1-60
Vein enation-woody gall Mexican lime Greenhouse 18-25 *C 1-60
Exocortis Etrog citron Arizona

861-S-1 Greenhouse 27-32 “C 1-60
Stubborn Madame Vinous or

Hamlin sweet orange Greenhouse 27-32 *C 1-90
Cachexia-xyloporosis Parson special mandarin Greenhouse 18-32 “C 6-24
Infectious variegation-
crinkly leaf Eureka lemon Greenhouse 18-25 “C 1-60
Concave gum, Pineable, Hamlin or
cristacortis, psorosis-A Madame Vinous sweet
and impietratura oranges and Dweet tangor Greenhouse 1-60
Concave gum Orlando tangelo Field
Cristacortis Orlando tangelo Field 12-60
Impietratura Grapefruit or

C. Volkameriana Field 6-72
Ringspot Grapefruit Greenhouse 18-25% C 1-60
Greening Sweet orange, Orlando

tangelo Greenhouse 24-30 “C 4-60

a) Scientific names: lime, Citrus aurantifolia (Christm, f) Swing; sour orange, C. aurantium L.; gra-
pefruit. C. paradisi Macf.; lemon, C. limon (L.) Burm; Etrog citron (C. medica L. var. ethrog); sweet
orange C. sinensis (L.) Osb.; mandarin, C. reticulata Blanco; tangor, C. reticulata X C. sinensis; tangelo
C. reticulata x C. paradisi.
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