STATUS REPORTS -
BUDWOOD REGISTRATION PROGRAMS

Citrus Sanitation, Quarantine
and Certification Programs

L. Navarro

ABSTRACT. Control of citrus virus and virus-like diseases in any citrus area requires the establish-
ment of three related but separate programs: sanitation, quarantine and certification. Sanitation pro-
grams have the objective to recover healthy plants from local varieties. They are generally operated
by research institutions. This program may not be necessary for countries that only grow international
varieties available in germplasm banks maintaining healthy plants. Quarantine programs have the
objective of importing foreign varieties avoiding introduction of new pest and diseases and usually are
operated by Plant Protection Services. Quarantine could be bypassed in some cases, by importing
material from germplasm banks that maintain healthy plants under sereenhouses. Certification pro-
grams have the objective to guarantee that the sanitary status of the initial material is maintained
during the process of commercial propagation at the nurseries. They are usually operated by Nursery
and Seed Services and mainly consists of legal regulations for the different steps of nursery operations
and requirements for periodical indexing of the trees in foundation and increase blocks used at the
nurseries. Certification programs are always necessary to achieve an adequate control of diseases.
These programs have to be used to protect citrus even from naturally spreading diseases existing in a
given country. In this case, the main objective will be to avoid an early infection and/or to avoid
introduetion and spread of severe strains of pathogens with the nursery plants and the programs may

have to be complemented with other control measures.
Index words. shoot-tip grafting, virus and virus-like diseases, indexing.

Citrus virus and virus-like diseases
produce very important economic los-
ses in most citrus growing areas. In gen-
eral, they cause decline, loss of vigour
and short commercial life of trees, low
yields and poor fruit quality and they
restrict the use of some rootstocks. In
many areas they are the main limitation
for the development of the citrus indus-

To control these diseases it is neces-
sary to use healthy and high quality
treesinthe new plantings. The produc-
tion of these trees requires the estab-
lishment of three different but related
programs: sanitation, quarantine and
certification (Fig. 1). Often concepts
and organization of these programs are
misleading in the literature. In this
paper, the concepts and procedures of
the three programs are reviewed.

SANITATION PROGRAMS

These have the objective torecover
healthy plants from selected local cul-
tivars. In general they are carried out
by research institutions and they re-
quire the participation of specialists in
horticulture, virology and tissue cul-
ture.

The recommended procedure for
sanitation programs involves the fol-
lowing steps (Fig. 1): selection of
mother trees of local cultivars, index-
ing of mother trees, recovery of patho-
gen-free plants by shoot-tip grafting
in vitro, indexing of micrografted
plants, horticultural evaluation of
healthy plants and maintenance of
healthy plants.

Selection of mothertrees. Individ-
ual trees of the different cultivars in-
cluded in the program have to be selec-



IMPORTATION BUDWOOD
OF BUDWOOD |y CULTURE
FROM FOREIGN IN VITRO
VARIETIES

|

Twelfth IOCV Conference

INDEXING
ORIGINAL PROTECTED
HEALTHY |-o FOUNDATION BLOCK
PLANT (GERPLASM BANK)

SHOOT - TIP —+ INDEXING |_,
GRAFTING

IN VITRO

|

SELECTION PROPAGATION IN
OF LOCAL |—j GREENHOUSE
VARIETIES

' INDEXING l

FOUNDATION BLOCK . INDEXING
AT NURSERIES +» EVALUATION
. INSPECTION
MULTIPLICATION . INDEXING
AT £ . INSPECTION
NURSERIES
CERTIFIED INSPECTION
PLANTS

Fig. 1. Diagram of citrus sanitation, quarantine and certification programs.

ted according to horticultural criteria.
Disease content should not be taken
into consideration for tree selection,
since there are several methods to re-
cover healthy plants from infected
ones. Discarding trees with disease
symptoms may result in elimination of
clones of superior horticultural value.
Selected trees should be propagated
on vigorous rootstocks (e.g. rough lem-
on) in the greenhouse to be use as a
source of material for indexing and
shoot tip grafting.

Indexing of mother trees. Index-
ing of mother trees is necessary in
order to know the diseases that have
to be eliminated by shoot tip grafting.
In addition, this will allow one to get
an accurate knowledge of the patho-
gens present in the citrus area. As an
example, in the citrus variety improve-
ment program in Spain this step has
allowed us to have very comprehensive
information about the incidence of dif-
ferent diseases, the type of isolates of
each disease, and to discover the pres-
ence of vein enation-woody gall (14), a
severe isolate of tristeza introduced
with an early satsuma illegally im-
ported from Japan, and a graft-trans-
missible bud union abnormality of
sweet orange on rough lemon (24). In-
dexing of mother trees has also been
the basis for the establishment of the

collection of virus and virus-like iso-
lates which is actively being used for
research on these pathogens.

Table 1 shows a recommended set
of biological and laboratory methods
that should be used for a comprehen-
sive indexing of mother trees. A de-
tailed description of indexing methods
and facilities needed to apply them has
been published (30).

Shoot tip grafting (STG) invitro.
Pathogen-free citrus plants can be re-
covered by nucellar embryony in vivo
or in vitro, by thermotherapy and by
STG.

Nucellar embryony is effective for
elimination of virus and virus-like
pathogens, but nucellar plants have
juvenile characters and consequently
they are excessively vigorous, thorny
and late in bearing and they have to be
grown for many years until these char-
acters disappear and they become ac-
ceptable for commercial propagation
(2,7,17,19, 29, 31). In addition, nucel-
lar plants are not always true-to-type
(29) especially those obtained by nucel-
lus culture in vitro (7, 22) and seed
transmission of psorosis or related
pathogens has been occasionally de-
seribed (3, 4, 28).

Thermotherapy produces true-to-
type plants without juvenile charac-
ters, but the technique is not effective
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RECOMMENDED INDEXING METHODSTFJ%%E IITR US SANITATION AND QUARANTINE
PROGRAMS
Biological Methods
Indicator Plant Diseases Detected
Mexicanlime Tristeza, veinenation, leaf rugose, witches’ broom.
Pineapplesweet orange Psorosis, ringspot, concave, gum, cristacortis, impietratura,
greening, kumquat disease.
Dweet tangor Psorosis, concave gum, cristacortis, impietratura, mosaic.
Troyercitrange Tatterleaf, kumquat disease.
Etrogcitron Exocortis, other viroids, infectious variegation, tristeza, kamquat

Parson’s Special mandarin

disease, satsumadwarf, others.

Cachexia, ringspot

Laboratory methods
Method Diseasedetected
sPage Exocortis, cachexia, other viroids
ELISA Tristeza
dsRNA Tristeza, others.

EM, DNA hybridization

Greening

for elimination of exocortis, cachexia
and other citrus viroids (6, 29).

STG is effective for elimination of
all virus and virus-like citrus patho-
gens, including those not eliminated by
thermotherapy, and produces true-to-
type plants without juvenile charac-
ters (11,12, 14, 25), Consequently STG
is the best available and the recom-
mended technique to recover patho-
gen-free citrus plants. This has been
internationally recognized and STG is
being successfully used in most citrus
sanitation programs worldwide (13).

There are several factors that influ-
ence the recovery of healthy plants by
STG (11). The pathogen itself plays an
important role. Most pathogens are very
easy to eliminate, whereas others like
psorosis, concave gum, impietratura,
cristacortis and tatter leafare more dif-
ficult. The recovery incidence of plants
free from these pathogens difficult to
eliminate was increased by growing
the shoot tip source plants under rela-

tively warm conditions (8, 18). As arou-
tine procedure in the citrus variety im-
provement program in Spain, the in-
fected cultivars are propagated onrough
lemon rootstocks and grown in potsina
relatively cool greenhouse at 18-25 C.
Then they are defoliated by hand and
placed ina growth chamber at constant
32 C, or 35 C day and 30 C night, and
exposed 16hr daily to 350 pE/m2/sec il-
lumination. After 812 days, new flushes
are produced and used as a source of
shoot tips for grafting . Following this
procedure more than 90% of plants re-
covered by STG are free of virus and
virus-like pathogens, including those
that are difficult to eliminate (21).
Shoot tip size also plays an impor-
tant role on the incidence of healthy
plants recovered by STG. It has been
shown that inereasing shoot tip size re-
sulted in a higher incidence of success-
ful grafts, but also in a reduced inci-
dence of healthy plants recovered (26).
The use of a shoot tip composed of the



386

apical meristem and three leaf primor-
dia, measuring 0.1-0.2 mm formthe cut
surface to the tip of the largest leaf
primordia, is recommended for routine
application of STG. This size gives a
realistic frequency of successful grafts
and healthy plants.

The relatively low numbers of heal-
thy plantsrecoveredinsomelaborator-
ies is probably due to the use of too
large shoot tips and/or the growth of
shoot tipsource plants at relatively cool
temperatures.

Indexing of micrografted plants.
Plants recovered by STG, or any other
method, should be carefully indexed
for the diseases found in the mother
trees to ascertain that they are heal-
thy. It should never be assumed that
a plant is healthy because it has been
submitted to a sanitation treatment,
even in the cases where diseases pres-
ent in the mother plant are very easily
eliminated. As an example, in Spain
cachexia has been eliminated by STG
always in 100% of the micrografted
plants. However, in the citrus variety
improvement program, plants recov-
ered by STG are routinely indexed for
this disease, despite the relative long
time required to carry out the standard
biological test on Parson’s Special man-
darin indicator (30), that delays the re-
lease of healthy budwood.

Horticultural evaluation of heal-
thy plants. Plants recovered by STG
have been, so far, true-to-type and to
our knowledge there is no report on
abnormal plants obtained through this
procedure. This was expected, since
STG is just a grafting technique that
does not involve the neoformation of
buds in vitro or the use of growth reg-
ulators. However, it is well known that
natural mutations often occur in citrus
and there is always the possibility to
graft in vitro meristems carrying one
of this mutations. In addition, the
whole process requires a lot of labeling
in the laboratory and the greenhouse
and there is also the possibility of er-
rors in this process. Consequently,
horticultural evaluation of healthy
plants to ascertain that they are true-
to-type and to know their horticultural
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performance is strongly recom-
mended. This will avoid releasing off-
types that may have a very negative
impact on any program.

Maintenance of healthy plants.
Healthy plants should be maintained
in conditions that will avoid the possi-
bility of reinfection with virus and
virus-like diseases. In most citrus
areas there are diseases that are natur-
ally spread in the field, and therefore
healthy plants should be maintained in
field plots located far away from citrus
plantings or in screenhouses that pre-
cludes vector infestation. Generally,
the latter method is preferred because
it allows location of the screenhouses
at citrus experiment stations and this
facilitates the studies and control of the
plants.

The collection of healthy plants
should be simultaneously the protected
foundation block source of budwood for
the certification program and the germ-
plasm bank for research studies and ex-
change of cultivars with other coun-
tries (Fig. 1).

QUARANTINE PROGRAM

Quarantine programs have the ob-
jective of importing foreign varieties
avoiding the introduction of new pest
and diseases that may be carried on the
original material. These programs are
usually operated by Plant Protection
Services.

Movement of citrus species and va-
ieties between different citrus areas
for commerecial and scientific purposes
is often desirable. Particularly in citrus
industries oriented to commercializa-
tion of fresh fruits ininternational mar-
kets, as is the case of all citrus produc-
ing countries in the Mediterranean
area, the availability of the best cul-
tivars of the different species is a high
priority. However, uncontrolled im-
portation of budwood has the risk of
introducing new pest and pathogens,
that in some instances, may be devas-
tating or may produce very important
economic damage.

This risk may be overcome by the
introduction of varieties through
quarantine stations (9). In citrus there
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are two different quarantine proce-
dures that can be safely used forimpor-
tation of plant material (5). The class-
ical method consists in propagating the
imported budwood in greenhouses lo-
cated far away from citrus growing
areas. Then, the newly propagated
plants can be indexed or submitted di-
rectly to shoot tip grafting, followed
by indexing. This procedure requires
the availability of facilities and trained
personnel on citrus pest, diseases and
cultural practices. It is used in coun-
tries withalong traditionin quarantine
(e.g. USA, Australia), having central
facilities and personnel for importation
of plant material of several crops, but
it is very difficult to establish just for
citrus in most countries.

An alternative citrus tissue culture
procedure was developed for the safe
introduction of citrus varieties (20)
which has been proven to be very effi-
cient to exclude citrus pest and dis-
eases (16,20,21). It consists of cultur-
ing in vitro the imported budsticks at
a constant 32 C or 35 C day and 30 C
night, and exposed 16 h daily to 45 pE/
m2/sec illumination to induce the spr-
outing of lateral buds and formation of
flushes from which shoot tips can be
isolated and micrografted in vitro.

This tissue culture method has sev-
eral advantages over the traditional
quarantine method. Pests and diseases
that might be in the original material
are eliminated at the early stages of
introduction, and this shortens the
quarantine period. For example, Rio
Red grapefruit had a high demand in
Spain. One budstick was introduced
from Texas, the tissue culture proce-
dure was carried out in January 1988
and in May 1989 10,300 healthy buds
werereleased tocitrus nurseries (23).

Another advantageisthat the quar-
antine stations may be located at citrus
research stations, because test tubes
are the substitute of the greenhouses
located in isolated areas. At many of
these stations STG is being used for
sanitation of local cultivars and the
needed facilities and personnel are usu-
ally available. Consequently the tissue
culture procedure can be easily estab-
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lished in many countries to safely im-
port citrus vegetative material.

As a consequence of the above ad-
vantages this method is recommended
for importation of citrus budwood (5).
In Spain, it has been successfully used
to import over 80 varieties from differ-
ent citrus areas. In California they
have recently changed their legal reg-
ulations for quarantine and are also
now using this procedure (D. Gumpf,
personal communication).

After STG the quarantine pro-
grams have exactly the same steps as
the sanitation programs previously de-
seribed (Fig. 1). Special emphasis has
to be placed on the indexing of micro-
grafted plants. Inadditiontotheindex-
ing methodsindicated inTable 1, it may
be necessary to use additional methods
for diagnosis of specific diseases exist-
ing in the country of origin of the plant
material.

The main problem related to quaran-
tine is the introduction of material from
areas with diseases for which indexing
methods do not exist, like blight. In
this cases importation should be re-
stricted as much as possible and intro-
duced material should undergo addi-
tional cycles of therapy. The primary
micrografted plant should be subjected
to thermotherapy and then to shoot-tip
grafting again (5).

CERTIFICATION PROGRAMS

These have the objective of produc-
ing certified nursery trees that will
guarantee that the sanitary status and
trueness-to-type on the initial material
is maintained during the process of
commercial propagation at the nurse-
ries. In addition, they also control the
horticultural quality of nursery plants.
These programs consist of legal regula-
tions for the different steps of nursery
operations and requirement for period-
ic indexing and inspection of trees of
the different blocks used at the nurse-
ries. Usually theyare operated by Nur-
sery and Seed Services or other state
agencies with legal authority toimpose
restrictions and to inspect nurseries
and all steps of the propagation takes
place at private nurseries.



Certification programs have to be
adapted to the specificsituation of each
country. However, a recommendation
on the general outline can be estab-
lished. Propagation should be based on
four blocks of trees; protected founda-
tion block, foundation blocks in the
field, budwood increase blocks and
blocks of nursery trees (Fig. 1).

Protected foundation blocks should
be maintained by research or other
state agencies. They are composed of
pathogen-free  plants  recovered
through sanitation and quarantine pro-
grams, and grown in containers in in-
sect-proof sereenhouses to avoid re-
contamination with vector transmitted
diseases. These blocks are the prime
source of budwood to establish the
foundation blocks. Plants should be in-
dexed periodically to ascertain their
health status and inspected to detect
any possible growth or fruit abnormal-
ity. In Spain we maintain two plants
per accession, propagated on Troyer or
Carrizo citranges. Plants are pruned
every year and they produce fruitsreg-
ularly. Some plants are already 13-yr-
old and they are growing normally.

Foundation blocks usually belong
to private nurseries, although they also
may be maintained by state agencies.
They are field plantings propagated
with budwood from the protected foun-
dation blocks. Trees have to be rein-
dexed periodically. In general, it can
be recommended that trees will be in-
dexed annually for vector transmissi-
ble diseases, every 3 yr for mechani-
cally transmitted diseases and every
6-10 yr for other diseases. Any infected
tree should be removed immediately.
Trees also have to be inspected annu-
ally during the fruit production season
by horticultural specialists for identifi-
cation of possible off-type branches or
trees with abnormal growth, that should
be removed. Budwood should be collec-
ted fromthese trees only whenthey have
produced enough fruit to give accept-
able evidence that they are true-to-
type. This requires the observation of
at least three normal crops. The amount
of budwood collected from each tree
should be limited to allow a consistent
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fruit production. Usually two to six
trees are maintained per each acces-
sion. The number should not be in-
creased because then it is very costly
to carry out the indexing controls. As
an example, in the certification pro-
gram in Spain, that produce 3 to 5 mil-
lion certified trees per year, only four
trees per accession are maintained in
the foundation block.

Budwood increase blocks are nur-
sery plants propagated directly from
foundation trees to increase the num-
ber of buds for propagation of certified
plants. The establishment of these
blocks allows areductioninthe number
of foundation trees which can be then
more easily inspected and indexed. In-
crease blocks may be established under
normal field conditions or in plastic
greenhouses where a faster and better
growth can be obtained. Buds should
only be collected from these blocks dur-
ing a maximum period of 2-3 yr, to avoid
the propagation of possible undetected
mutations. Consequently, new blocks
have to be periodically established with
buds from foundation trees. Increase
blocks should be inspected to detect
any possible growth abnormality and
indexed at random for serious vector
transmitted diseases.

Certified nursery trees are propa-
gated with budwood from the increase
blocks. They may be produced under
regular field conditions or in different
types of greenhouses, according to the
specific needs and technology available
at each nursery. These trees are in-
spected mainly to guarantee that they
meet the horticultural quality required
in the certification regulations.

In addition to these blocks, it is also
necessary to establish trees for seed
production. These treeshave tobe free
of psorosis and other diseases produc-
ing similar young leaf symptoms, that
are occasionally transmitted through
seed (3, 4, 28). It is also desirable that
they should also be free from other dis-
eases.

There are several aspects that have
to be included in certification pro-
grams, such as cultural practices, pest
control, labelling and plantinglocation.
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Plants should be grown with the best
available cultural practices. Special
precautions should be taken to control
pests and fungal diseases. All pruning
and grafting tools should be adequately
disinfested prior to any fruit picking,
grafting or cutting on any tree or nur-
sery plant to avoid spread of mechani-
cally transmitted diseases. Minimum
requirements for certified plants could
be established to meet the needs of dif-
ferent growing areas. They caninclude
plant size, height of budding, ete.

A very important aspect of certifi-
cation programs is careful labelling of
plants during the whole process of pro-
pagation. This should avoid mixing of
rootstocks or cultivars and allow the
tracing back any abnormality or infec-
tion found at any stage of propagation.
Continuous inspection should be done
throughout all nursery operations.
Special attention should be paid to col-
lection, treatment and packing of seeds
and budwood, and to grafting increase
blocks and certified plants.

Planting locations should be ap-
proved by the legal institution in
charge of the program. They should be
in areas with the minimum risk of infec-
tion and suitable for growing citrus
plants of good quality. Foundation
blocks, increase block and the nursery
should be located at a certain distance
from any established citrus orchard.
The distance will depend on the par-
ticular conditions of each area. In coun-
tries with non-endemic vector trans-
mitted diseases, the location should be
in disease-free areas, to avoid contami-
nation of certified plants that later
could disseminate the disease. Pre-
sently several nurseries are using
greenhouses for establishing multipli-
cation blocks and producing certified
trees. In this case the location may be
closer to areas infected with vector-
transmitted diseases.

Certification programs are neces-
sary even in areas with endemic vector-
transmitted diseases, although addi-
tional control measures may be neces-
sary. In areas with an endemic infection
of tristeza several measures and mod-
ification of certification programs could
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be adopted. Nursery plants should, ob-
viously, be propagated on tristeza to-
lerant rootstocks. In addition, nursery
plants could be certified free of severe
strains of tristeza, to avoid their dis-
semination as has recently happened
in Florida (27). Asafurtherstep, plants
could be certified as beinginfected with
alocal protective mild strain, for those
countries that use preimmunization to
control tristeza. Obviously quick and
specific methods for strain diagnosis
have to be developed. For these cases
plants infected with specific strains,
rather than healthy plants should be
maintained in the foundation blocks.

In areas infected with greening and
stubborn, it is essential that nursery
plants are free of these diseases. In
addition specific cultural practices
have to be adopted to control the vee-
tors and delay as much as possible the
reinfection of new plantings. These sit-
uations may force the productionsystem
to be in greenhouses. In this case the
protected foundation block may have a
larger number of trees that could be used
directly as source of budwood for the
multiplication blocks.

In some countries citrus certifica-
tions are voluntary, whereas in others
they are mandatory. This aspect should
be decided according to the situation in
each particular country, but mandatory
programs are recommended.

DISCUSSION

Sanitation, quarantine and certifi-
cation are three separate programs
that are necessary to control citrus
virus and virus-like diseases. In gen-
eral, these programs are carried out
by different institutions, but in order
to be effective they should be very well
coordinated. As an example the pro-
grams presently in operation in Spain
(10, 15, 21) follow the general outline
previously presented and each pro-
gram is the responsibility of a different
institution. However, there is very close
cooperation that allows to carry out all
technical operations related to disease
elimination and indexing at the IVIA
research institute under the same tech-
nical supervision. This has resulted in a
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very successful operation, that has pro-
duced over 40 million certified trees
during the last 12 yr.

There are some countries with
small citrus industries mainly growing
international varieties, where it may
not be necessary to establish sanitation
and quarantine programs. These coun-
tries may introduce healthy budwood
from the few germplasm banks that
maintain healthy plants under screen-
houses. The imported material should
be kept in a greenhouse or isolation for
at least three growth flushes before
being released (5).

However, a certification program
has to be established in every country
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which wishes to produce high quality
and healthy nursery plants. In prac-
tice, this program is the more difficult
to operate, especially in countries with
large numbers of small nurseries lack-
ing appropriate technology. There are
many countries where STG is used to
produce healthy plants and the basic
technology for indexing is available,
but very few where the growers could
widely use certified nursery plants for
their plantings. This gap can only be
overcome with a good organization to
establish a certification program
adapted to the specific local conditions
of each area.

10.

11.

12.

13.

14.

LITERATURE CITED

Ballester-Olmos, J. F., J. A. Pina, and L. Navarro
1988. Detection of a tristeza-seedling yellows strain in Spain, p. 28-32. I'n: Proc. 10th Conf.
IOCV. I0CV, Riverside.
Bitters, W. P., T. Murashige, T. S. Rangan, and E. Nauer
1970. Investigations on established virus-free plants through tissue culture. Calif. Citrus
Nurserymen’s Soc. 9: 27-30.
Bridges, G. D., C. D. Youtsey, and R. R. Nixon
1965. Observations indicating psorosis transmission by seeds of Carrizo citrange. Proc. Fla.
State Hort. Soc. 78: 48-50.
Campiglia, H. G., and A. A. Salibe
1976. Psorosis transmission through seeds of trifoliate orange, p. 132-134, In: Proe. Tth Conf.
IOCV. IOCV, Riverside.
Frison, E., and M. M. Taher (eds.)
1991. FAO/IBPGR Technical guidelines for the safe movement of citrus germplasm. FAO,
Rome/ International Board for Plant Genetic Resources, Rome, 50 pp.
Grant, T. J.
1967. Effect of heat treatments on tristeza and psorosis viruses in citrus. Plant Dis. Rep. 41:
232-234.
Juarez, J., L. Navarro, and J. L. Guardiola
1976. Obtention de plantes de divers cultivars de clémentiniers au moyen de la culture de
nucelle in vitro. Fruits 31: 751-762.
Koizumi, M.
1984. Elimination of tatter leaf-citrange stunt virus from satsuma mandarin by shoot-tip
grafting following pre-heat treatment, p. 229-233. I'n: Proe. 9th Conf. IOCV.IOCV, Riverside.
Mathys, G., and E. A. Baker
1980. An appraisal of the effectiveness of quarantines. Ann. Rev. Phytopathol. 18: 85-101.
Navarro, L.
1976. The citrus variety improvement program in Spain, p. 198-203. In: Proc. Tth Conf.
I0CV. I0CV, Riverside.
Navarro, L.
1981. Citrus shoot-tip grafting in vitro (STG) and its applications: A review. Proc. Int. Soc.
Citriculture 1: 452-456.
Navarro, L.
1988. Application of shoot-tip grafting invitrotowoody species. ActaHorticult. 227:43-55.
Navarro, L.
1992. Citrus shoot-tip grafting in vitro, p. 327-338. In: Y.P.S. Bajaj (ed). Biotechnology in
Agriculture and Forestry, Vol 18, High-Tech and Micropropagation II, Springer-Verlag,
Berlin.
Navarro, L. and J. F. Ballester
1976. Presencia de la virosis “vein enation-woody gall” en los agrios espafioles. Levante
Agricola XV (176): 5-7.



Status Reports - Budwood Registration Programs 391

15.

16.

17.

18.

19.

20.

21.

25.

26.

29,

30.

31.

Navarro, L., J. I. Ballester, J. Juarez, J. A. Pina, J. M. Arregui, and R. Bono
1981. Development of a Program for disease-free citrus budwood in Spain. Proc. Int. Soec.
Citriculture 1: 70-73.

Navarro, L., E. L. Civerolo, J. Juarez, and S. M. Garnsey
1991. Improving therapy methods for citrus germplasm exchange, p. 400-408. In: Proc. 11th
Conf. IOCV. IOCV, Riverside.

Navarro, L., and J. Juarez
1977. Elimination of citrus pathogens in propagative budwood. II. In vitro propagation. Proc.
Int. Soe. Citriculture 3: 973-987.

Navarro, L., J. Juarez, J. F. Ballester, and J. A. Pina
1980. Elimination of some citrus pathogens producing psorosis-like leaf symptoms, by shoot
tip grafting in vitro, p. 162-166. In: Proc. 8th Conf. IOCV. IOCV, Riverside.

Navarro, L., J. Juarez, J. F. Ballester, J. A. Pina, and C. Ortega
1979. Obtencién de plantas nucelares libres de virus de diversas variedades de agrios del
grupo Navel (Citrus sinensis (L.) Osbeck) por cultivo de ovulos in vitro. An. INIA, Ser.
Prot. Veg. 12: 95-113.

Navarro, L., J. Juarez, J. A. Pina, and J. F. Ballester
1984. The citrus quarantine station in Spain. p. 365-370. In: Proc. 9th Conf. IOCV. I0CV,
Riverside.

Navarro, L., J. Juarez, J. A. Pina, J. F. Ballester, and J. M. Arregui
1988. The citrus variety improvement program in Spain after eleven years, p. 400-406. In:
Proc. 10th Conf. IOCV. I0CV, Riverside.

Navarro, L., J. Ortiz, and J. Juarez
1985. Aberrant citrus plants obtained by somatic embryogenesis of nucelli cultured in vitro.
HortSeience 20: 214-215.

Navarro, L., J. A. Pina, J. Juarez, and J. F. Ballester-Olmos
1989. Variedades de pomelo introducidas a traves de la estacion de cuarentena de citricos.
Levante Agricola. 291-292: 77-80.

Navarro, L., J. A. Pina, J. Juarez, and J. F. Ballester-Olmos
1993. Elimination of a bud union abnormality of sweet orange grafted on Rough lemon by
shoot tip grafting in vitro p. 375-378. In: Proc. 12th Conf. IOCV. IOCV, Riverside.

Navarro, L., C. N. Roistacher, and T. Murashige
1975. Improvement of shoot-tip grafting in vitro for virus-free citrus. J. Amer. Soc. Hort.
Sei. 100: 471-479.

Navarro, L., C. N. Roistacher, and T. Murashige
1976. Effect of size and source of shoot tips on psorosis-A and exocortis content of navel
orange plants obtained by shoot-tip grafting in vitro, p. 194-197. In: Proc. Tth Conf, IOCV.
I0CV, Riverside.

Pelosi, R. R. and C. A. Powell
1992. Nursery distribution of citrus tristeza virus in Florida. p. 544. VII Int. Citrus Congress,
Acireale, Italy (Abstr.).

Pujol, A. R.
1966. Difusion natural de psorosis en plantas citricas. INTA, Estacién Central Agropecuaria,
Serie Técnica no. 8, Concordia, Argentina, 15 pp.

Roistacher, C. N.
1977. Elimination of citrus pathogens in propagative budwood. I. Budwood selection, indexing
and thermotherapy. Proc. Int. Soc. Citriculture 3: 965-972.

Roistacher, C. N.
1991. Graft transmissible diseases of citrus. Handbook for detection and diagnosis. FAO,
Rome, 286 pp.

Weathers, L. G., and E. C. Calavan
1959. Nucellar embryony as a means of freeing citrus clones of virus diseases, p. 197-202. In
J. M. Wallace (ed.), Citrus Virus Diseases. Univ. Calif. Div. Agr. Sci., Berkeley.



	12th_383.jpg
	12th_384.jpg
	12th_385.jpg
	12th_386.jpg
	12th_387.jpg
	12th_388.jpg
	12th_389.jpg
	12th_390.jpg
	12th_391.jpg

