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ABSTRACT. A survey for stubborn was carried out in dif-
ferent citrus areas in the Northern of Valencia. Graft-
transmission experiments to indicator plants grown in a warm
greenhouse failed to show symptoms of stubborn. Assays to
culture Spiroplasma citri from young shoots taken from field
trees or from graf-imoculated greenhouse plants also gave mne-

gative results. A culture of Spiroplasma was obtained from
three fruits of a single tree in 1980. The only visible symptom
expressed by this infected tree was the presence of some small
slightly misshapen fruits showing green coloration at the stylar
end. No positive culture could be obtained from 210 fruits
taken from 52 trees of the same orchard or from 83 fruits
taken from 28 trees with declined appearance in other citrus
plantings.
Assays to detect Spiroplasma by the ELISA technique in

young shoots of all the indicator plants inoculated from field
trees were unsucessful, but positive ELISA reaction was ob-
tained with young shoots of infected control citrus plants
grown at the warm greemhouse. ELISA was unable to detect
Spiroplasma in fruits from the single infected tree found in
the survey.
Trials to detect spread of Spiroplasma in different citrus

plantings by growing periwinkle plants in or beside those
plantings were unsuccessful (though some periwinkles were
affected by different MLO-associated diseases.
Our results suggest that citrus stubborn may have a very

low incidence and a very restricted diffusion rate in Valen-
cia. Therefore stubborn appears to be of no economic im-
portance in this citrus area.
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INTRODUCTION

At the beginning of the seventies unproductivity and decline of Navel orange
trees caused trouble in many citrus plantings, mainly at the Northern area
of Valencia (1). Similarity between some symptoms of unproductive trees and
those caused by stubborn in other countries suggested that the disease could
be widespread in this citrus area and cause unproductivity of Navel trees. In
a previous work (1), failure to trasnmit stubborn from unproductive trees
to indicator plants and to culture Spiroplasma citri from young shoots taken
from field trees or from graft-inoculated greenhouse plants, led us to conclu-
de that stubborn was not associated to the unproductivity problem.
Later, in autum 1980, Spiroplasma was cultured from fruits sampled from

a Navel tree located in Southern Tarragona. That tree did not show the
symptoms of unproductive trees, but it was known to produce sometimes a
few small misshapen fruits. This finding induced us to begin a survey of stub-
born by trying culture of Spiroplasma from fruits. The survey included trees
from the planting where the infected tree was found as well as some of the
most representative unproductive Navel trees.

In this paper we report the results obtained in that survey and in exper-
iments directed to detect spread of Spiroplasma in different citrus plantings.

MATERIALS AND METHODS

Fruits were washed and surface sterilized with alcohol and culture of Spi-
roplasma tried from the vascular bundle at the calyx-end of the fruit. Two
to five tubes containing 3 ml of the culture medium described by Fudl-Allah
et al. (1972) (2) were inoculated from each fruit and 2-5 fruits were sampled
from each tree.
A serum anti-S. cifri was prepared using a pure culture obtained from a

californian source of stubborn grown at the greenhouse. Inmunoglobulins
were purified, conjugated with alkaline phosphatase and used in ELISA in
the conditions previously described (3). Plant tissues assayed by ELISA in-
cluded albedo from the stubborn infected tree found in 1980 and young shoots
from the indicator plants inoculated from unproductive Navel trees. Shoots
rom healthy and from stubborn infected sweet orange seedlings grown at the
greenhouse were used as controls.
To detect a possible spread of $. citri in the field, Madagascar periwinkle

plants (Vinca rosea L.) were placed in different orchards with unproductive
Navel trees, in the orchard where stubborn was found and in two locations
far from the citrus growing area. Groups of 20 plants were distributed in 13
to 20 orchards for 3 years and blocks of 100-250 plants in only 5 orchards
were planted in the 2 following years. Plants were kept in the field from june-
july to october-november. Periwinkles with yellows symptoms were checked
for S. citri by culture and by ELISA.

RESULTS

In november 1980, culture of Spiroplasma was obtained from 3 out of 5
fruits from a «Washington» navel tree grafted on sour orange in Alcanar
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(ALC-254). The general aspect and fruit production of that tree was similar
to most trees in the orchard (Fig. 1) and it showed no inverse pitting below
the bud union. The only symptom reminding stubborn was the presence of
some small slightly misshapen fruits (Fig. 2) showing green coloration at the
stylar end (Fig. 3).

Fig. |.—Stubborn-infected tree (ALC-254) showing a healthy aspect and bearing a normal crop.

Fig. 2.—Smail misshapen fruit from tree ALC-254,
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Fig. 3.—Small fruits from tree ALC-254, showing green coloration at the stylar end.

Trials to isolate Spiroplasma from the same tree in 1981, 1982 and 1983
or to transmit stubborn from that tree to sweet orange seedlings by side-grafting
young leaves or budsticks were unsuccessful.
In a survey carried out in the orchard where the infected tree was located,

other trees were found bearing some small fruits, but they ussually had nor-
mal coloration. Culture of Spiroplasma could not be obtained from 210 of
those fruits sampled from 52 trees. No Spiroplasma culture could either be
obtained from 83 fruits sampled from 28 unproductive Navel trees growing
in different citrus plantings.
Assays to detect Spiroplasma by ELISA in young shoots of 390 indicator

plants inoculated from unproductive field trees were unsuccessful, whereas
positive ELISA reaction was obtained with young shoots of the infected con-
trol plants. ELISA did not enable detection of Spiroplasma in fruits from
the single infected tree found in the survey.
In the trials to detect spread of stubborn, none of the periwinkle plants

grown in citrus plantings or far from the citrus area showed the symptoms
of Spiroplasma infection (4,5). Some of the periwinkles (8 out of the 2130
planted in the 5 years) appeared affected by different diseases with symptoms
of phyllody and proliferation. Those diseases were proved to be associated
to the presence of mycoplasmalike organisms (MLOs) (6), but Spiroplasma
could not be detected by culture of by ELISA in shoots of the infected plants.

DISCUSSION AND CONCLUSIONS

Isolation of Spiroplasma citri in 1980 proofs that the tree ALC-254 was
infected by stubborn. Failures to reisolate Spiroplasma from the same tree
or to graft-transmit it to sweet orange seedlings at the warm greenhouse may
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be explained by the irregular distribution of the pathogen within the plant (7).
ELISA and in vitro culture of Spiroplasma from seeds (in seedy varieties)

and vascular bundles of the fruit have been proposed as a reliable method
to detect stubborn (8). Unability to reisolate Spiroplasma or to detect it by
ELISA in small misshapen fruits from tree ALC-254 suggest that the patho-
gen must be in very low concentration due to the cool climate of the Tarra-
gona citrus area. This agrees with the absence of most of the symptoms that
stubborn infected trecs show in warm countries (9).
Dificulty found to detect Spiroplasma in tree ALC-254 certain years, opens

the possibility that some other trees in the same planting were stubborn in-
fected even if they indexed negative in the survey. On the other hand, lack
of conspicuous symptoms in the tree ALC-254 lends support to our previous
conclusion (1) that unproductivity and decline symptoms of certain Navel trees
in Valencia are not caused by stubborn.
Trials to detect spread of stubborn by growing periwinkle plants in or be-

side different citrus plantings failed to detect any Spiroplasma infection. So-
me of the periwinkles appeared naturally infected by different MLO associa-
ted diseases, but some of those diseases were also found in periwinkles grown
far from citrus growing area.
Scaphytopius nitridus (De Long) and Circulifer tenellus (Baker), natural

vectors of stubborn in other countries (10, 11) have not been found in Valen-
cia area citrus groves (12). The lack of an efficient vector and the low inocu-
lum potential could explain the failure to detect Spiroplasma diffusion in the
cool citrus areas of Northern Valencia.
In conclusion, our results suggest that citrus stubborn may have a very low

incidence and a very restricted diffusion rate in Valencia. Therefore it ap-
pears to be of no economic importance in this citrus area.
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