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Effect of Temperature on Concentration of Threadlike
Particles, Stem Pitting, and Infectivity of Budwood
from Tristeza-infected Palestine Sweet Lime

M. Bar-Joseph and G. Loebenstein

Palestine sweet lime is widely used as
a rootstock for Shamouti orange in
eastern Mediterranean countries. Sweet
lime stock reacts to tristeza infection
with pitting of the stem followed by
decline after several years’ good growth.

Infection by tristeza is accompanied

MATERIALS AND METHODS

Sweet lime seedlings were grown in
a screened greenhouse, in cans contain-
ing a 5-kg mixture of sandy loam, sand,
and peat (2:1:1), for 18 months. Plants
were inoculated by side grafting with
two buds, 10 cm apart, carrying a strain
of tristeza (ST) described previously (2).
One week later the plants were topped
at 50 cm, and after an additional two
weeks they were transferred to green-
house chambers, at temperatures of ap-
proximately 22, 27, 81 and 36° C. A
single shoot was allowed to develop on
each plant.

Threadlike particles were partially
purified from 25 gm of bark, and counts

RESULTS

Concentration of TLP. TLP content
in bark of sweet lime plants, kept at
22° C, was determined at monthly in-
tervals, starting 60 days after inocula-
tion. Averages from two experiments,
each with five to eight plants, are sum-
marized in figure 1. Highest content
was observed six months after inocula-
tion, followed by a gradual decrease.

Fig. 1. Concentration of threadlike parti-
cles (TLP) at different time intervals after
inoculation in 25 gm of bark from sweet
lime plants kept at 22° C.

with threadlike particles (TLP), ap-
proximately 10 to 12 x 2,000 nm (5).
Similar particles have not been detected
in noninfected plants. This paper re-
ports a study of TLP concentration in
relation to symptoms and infectivity of
budwood at different temperatures.

were made in the electron microscope.
Different concentrations of tobacco mo-
saic virus (TMV) served as a reference
(1). Threadlike particle concentration
per gm of bark was established by use
of the following formula (8):
AxMWppp
TLP ug/8="MWpay
A = Concentration of TMV (ug/ml),
where the number of particles on the
grid equals the number of TLP.
MW, p = Molecular weight of one TLP
with an average length (1,000 mp) =
70 x 106 (2).
MW v = Molecular weight of TMV =
40 x 10s.
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Fig. 2. Concentration of threadlike parti-
cles (TLP) in 25 gm of bark from sweet
lime plants kept at four different tempera-
tures and sampled six months after inocula-
tion,

No differences in length or structure
of TLP were observed, suggesting that
lower content was not the result of
TLP degradation.

To determine the effect of different
temperatures, two groups of five plants
each, for each temperature treatment,
were sampled six months after inocula-
tion (fig. 2). TLP content was highest
in plants kept at 22° C, and decreased
with increasing temperatures.

DISCUSSION

Content of TLP in the bark of plants
kept at 22° C increased until six months
after inoculation, and then declined
gradually. This decrease did not seem
to result from degradation of particles,
as observed recently in Tetragonia
plants infected with beet yellows virus
(4), because no differences in structure
or length of TLP were observed. Virus
increase followed by a decrease is known
in many virus-host combinations (6).
Differences in TLP concentration from
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Stem pitting and infectivity of bud-
wood. When plants were kept at 22° C
for six months after inoculation, the
number of stem pittings averaged 30
per 100-cm branch, and decreased to 7,
0, and 0 in plants kept at 22, 31, and
36° C, respectively. For infectivity as-
says, four plants were held at each tem-
perature, and eight buds from each
plant were indexed on Egyptian lime
by inserting two buds into each indi-
cator plant. All indicator plants became
infected, and no difference in time of
symptom appearance was noted. No dif-
ferences in the infectivity of budwood
were observed, when samples were
taken from plants kept for six months
after inoculation at 22, 27, or 31° C.
Only two out of 15 indicators reacted
positively, however, when budwood
originated from plants kept at 36° C,
and symptoms in indicator plants
seemed to appear somewhat later.

Location of TLP in girdled plants.
In an experiment aimed at associating
TLP with infectivity, sweet lime plants
were girdled immediately after graft
inoculation, either above or below the
grafts. Four and eight months later,
bark was extracted and examined for
TLP. In plants inoculated above the
girdle, TLP were found only above the
ring, and in plants inoculated below
the girdle, only below the ring. This
suggests that, as with infectivity (3, 7, 9),
TLP do not pass across severed phloem.

plants grown at 22, 27 or 31° C did not
affect budwood infectivity. In plants
grown at 36° C, low TLP content was
correlated with a marked decrease in
the infectivity of budwood. It should
be mentioned that indexing of such
plants by the lime test (10), using four
indicator plants, would probably be
negative. Conversely, enough TLP
would be present to make diagnosis by
electron microscopy positive.
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