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ABSTRACT
van Vuuren, S. P., Collins, R. P., and da Graga, J. V. 1993. Evaluation of citrus tristeza
virus isolates for cross protection of grapefruit in South Africa. Plant Dis. 77:24-28.

Citrus tristeza virus isolates were collected during 1976 and 1977 from healthy-appearing old
grapefruit trees in different climatic areas of South Africa. Initial screening of citrus tristeza
virus isolates under glasshouse conditions on West Indian lime (Citrus aurantifolia) hosts showed
that growth was not a good criterion for differentiation among isolates; however, differences
in stem pitting symptoms were more distinct. This varied greatly, from 2.5 to 76.0 pits per
square centimeter. Significant differences occurred among isolates from the same orchard,
indicating the presence of multiple strains within an orchard. Orchard evaluation of selected
isolates (three were evaluated as mild, with 0-20 pits per square centimeter; two as intermediate,
with 20-50 pits per square centimeter; and two as severe, with more than 50 pits per square
centimeter) over 9 yr confirmed the glasshouse results: that growth cannot be used to differentiate
isolates. No significant differences occurred in cumulative fruit production over a 5-yr period
among trees planted virus-free, those inoculated with the mild isolates, and those inoculated
with the intermediate isolates. Trees inoculated with two isolates selected as severe had a
significantly reduced production similar to that of a known severe isolate. Trees planted virus-
free had more small fruit than any of the trees inoculated with the mild or intermediate isolates,
indicating that protection against natural severe strains was provided by the isolates. Fruit
size of the trees infected with the severe isolates was commercially unacceptable.

Citrus tristeza virus (CTV), a member
of the closterovirus group, is economi-
cally the most important citrus virus
disease worldwide (1). Devastating losses
can be encountered where sour orange
is used as a rootstock for sweet orange,
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mandarins, or grapefruit. However, citrus
cultivars, such as grapefruit, lime, and
some oranges, do not produce satisfac-
torily in the presence of CTV, even if
propagated on resistant rootstocks.
Cross protection by mild strains is
presently the most practical method to
reduce the effects of the virus in these
sensitive cultivars (12).

Strains of CTV are numerous and
diverse in biological characteristics. Mild

and severe strains may occur as mixtures
in a single host. Evidence for cross pro-
tection among CTV isolates has been
repeatedly found (10,11,23). The possible
risks, limitations, and advantages that
should be considered before employing
mild-strain cross protection were briefly
described by Lee et al (7). Successful use
of cross protection involves careful
evaluation of specific host effects and
protecting abilities. The usual procedure
for the selection of protecting isolates is
the selection of mild isolates from
healthy-looking trees in old orchards
severely affected by CTV (12). These are
then further evaluated in glasshouse
screening tests (19,21) and field experi-
ments (18,22).

This research reports on the initial
glasshouse screening of CTV isolates
derived from grapefruit budwood trees
and further evaluation of selected isolates
in the glasshouse and in the field.

MATERIALS AND METHODS
Selection and initial screening. Can-
didate isolates for mild virus were
selected during 1976 and 1977 from out-
standing grapefruit (Citrus X paradisi
Macfady.) budwood sources in the South
African interim Citrus Improvement
Program (20). These grapefruit trees
were older than 15 yr; were indexed free



of exocortis, cachexia, psorosis, and
impietratura diseases; and were from
production areas with different climatic
conditions. Budwood was collected from
these trees and budded to virus-free
rough lemon (C. jambhiri Lush.) root-
stocks in an insect-free glasshouse. Four
buds per source were budded onto a
rootstock to ensure that the full com-
plement of the isolate was transferred.
Each source was designated by a number
for identification. All future research was
done from these sources (Table 1).

West Indian lime (C. aurantifolia
(Christm.) Swingle) seedlings, grown in
30-cm pots in an insect-free glasshouse
at 28-24C day-night temperatures were
bud-inoculated when they were approxi-
mately 20 cm high, using two buds of
each of the isolates. After inoculation the
seedlings were cut back to approximately
10 cm and retained at the same temper-
ature regime. Three seedlings per CTV
isolate were inoculated. New growth was
kept to a single shoot.

After 1 yr the plants were harvested.
Total growth since inoculation with the
CTV isolates was determined by weigh-
ing. The bark was stripped, and the stem
pits that developed on the first 10 cm
of growth since inoculation were counted
at 6X magnification. The area on which
the pits were counted was calculated, and
the number of pits per square centimeter
determined.

To evaluate the significance of the
West Indian lime test, 10 isolates were
selected from the initial screening. Four
of these had mild reactions (less than 20
pits per square centimeter), four had
intermediate reactions (20-50 pits per
square centimeter), and two had severe
reactions (more than 50 pits per square
centimeter) (Table 2). These isolates were
inoculated into Marsh grapefruit seed-
lings, which were treated the same as the
West Indian lime seedlings.

Orchard evaluation. Glasshouse-
grown Troyer citrange (Poncirus trifoliata
(L.) Raf. X C. sinensis (L.) Osbeck) root-
stocks were budded with virus-free
nucellar Marsh grapefruit scions accord-
ing to normal nursery practices. When
the scions had grown to approximately
50 cm, they were inoculated with seven
selected CTV isolates (Table 3). Uninoc-
ulated plants and plants inoculated with
a known severe isolate (GFSS 1) served
as controls. Each treatment had five
replicates. A period of 3 mo was allowed
for the CTV isolates to become estab-
lished in the plants, whereafter the trees
were planted in an orchard in a random-
ized block design and subjected to
natural disease infection by the citrus
aphid, Toxoptera citricida (Kirkaldy),
the main vector of citrus tristeza disease
in South Africa (16).

The influence of the CTV isolates as
well as their cross-protective abilities,
were monitored by annual measurements
of trunk circumference to determine tree

size (2), yield, and fruit size. Fruit size
was measured in a commercial pack-
house according to export sizes as
defined by the South African Co-
operative Citrus Exchange.

RESULTS

Initial glasshouse screening. Growth
mass and stem-pitting development of
West Indian lime seedlings inoculated
with different CTV isolates over a 1-yr
period are presented in Table 1. Growth
was significantly reduced by all isolates
in comparison with uninoculated control
plants. Stem pitting varied from 2.5 (iso-
late GFMS 12) to 76.0 (GFMS 18) pits
per square centimeter. The mean stem
pitting for the different orchards ranged
from 9.0 (Komatipoort A) to 55.6 (Hazy-
view) (Table 1).

Growth and stem-pitting development
of Marsh grapefruit seedlings inoculated
with selected CTV isolates are compared

with that of West Indian lime in Table
2. No significant differences occurred in
the growth of the Marsh grapefruit seed-
lings when inoculated with different iso-
lates. As with the West Indian lime seed-
lings, stem pitting gave a better indica-
tion of isolate severity.

Field evaluation. Measurements of
trunk circumference 9 yr after planting
and mean fruit production over a 5-yr
period is presented in Table 3. The
annual mean production is presented in
Figure 1, and fruit size distribution is
shown in Figure 2. No differences
occurred in the growth of trees infected
with the mild isolates and the known
severe isolate. Trees containing the
known severe isolate, as well as those
with the two isolates in the severe cate-
gory, had a significantly lower yield than
trees with the mild and intermediate
isolates. Fruit size was reduced in the
trees planted virus-free, indicating that

Table 1. Growth and stem-pitting symptoms in West Indian lime (WIL) seedlings after inoculation
with citrus tristeza virus isolates from grapefruit trees growing in different climatic regions

WIL host reaction

i(;ﬁl:tles Growth No. of stem pits/cm’
Region code mass Individual Orchard
Orchard/Planting date number (2 isolates mean
Virus-free control 110.0 0 0
Eastern Cape
Addo/ 1950 15 11.1 26.1
16 13.5 37.4
36 15.0 40.9 34.8
Patensie/ 1955 17 16.8 31.2
18 9.7 76.0
19 9.0 40.3
20 8.5 57.4 51.2
Western Cape
Porterville/ 1920 27 25.9 12.4 12.4
Wellington/ 1926 12 57.1 2.5
13 19.5 18.1
14 23.7 9.9 10.2
Eastern Transvaal
Hazyview/ 1957 25 6.3 67.2
26 11.7 44.0 55.6
Komatipoort A/1959 35 31.7 9.0 9.0
Komatipoort B/ 1962 2 7.8 66.4
3 15.1 17.4
4 8.7 29.0
S 13.3 21.6
6 11.3 48.3 36.5
Malelane/ 1958 1 5.6 41.8 41.8
Northern Transvaal
Letsitele A/1960 21 9.8 37.0
22 12.9 37.4
23 12.9 18.9
24 16.4 23.9 29.3
Letsitele B/ 1959 29 9.2 66.1
30 8.4 72.5
32 11.1 35.0
33 6.8 53.0
34 13.5 57.9
42 12.3 39.5
43 13.4 41.2 52.2
Tshipise/ 1944 28 18.0 37.0 37.0
Northern Zululand
Nongoma/ 1956 8 21.4 34.1
9 20.1 28.4
10 30.7 249
11 24.8 15.9 25.8
LSD 5% 24.19 17.49
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in comparison with the uninoculated
control. Differences in growth between
isolates were not as striking. The devel-
opment of stem pitting gave a better
indication of differences among isolates.
Stem pitting per square centimeter varied

natural severe isolates had been intro-
duced by aphids.

DISCUSSION
The results in Table 1 show that all
the isolates reduced growth significantly

Table 2. Shoot growth and number of stem pits per square centimeter on West Indian lime
(WIL) and Marsh grapefruit (MG) seedlings inoculated with selected citrus tristeza virus (CTV)
isolates in a glasshouse’

Growth mass (g) No. of stem pits/cm’

CTV

isolate WIL MG WIL MG
Control 1109 a 58.5 NS* Oa Oa
GFMS 12 57.1b 51.3 2.5 ab 5.1 ab
GFMS 35 31.7 be 54.3 9.0 ab 4.1 ab
GFMS 14 23.7 bc 60.3 9.9 ab 2.7a
GFMS 27 25.9 be 61.2 12.4 ab 1.7a
GFMS 10 30.7 be 479 24.9 abc 11.7 abc
GFMS 9 20.1 be 60.9 28.4 be 19.6 bed
GFMS 19 9.0c¢ 38.6 40.3 cd 31.8 de
GFMS 26 11.7¢ 47.2 44.0 cd 25.3 cde
GFMS 29 92¢c 55.8 66.1d 24.0 cde
GFMS 2 7.8 ¢ 22.1 66.4 d 424 ¢

YNumbers followed by the same letter within the same columns do not differ significantly
at the 5% level (Fisher’s LSD).
“Not significant.

Table 3. Tree size and average cumulative fruit production over a S-yr period of 9-yr-old Marsh
grapefruit trees inoculated with different citrus tristeza virus isolates®

Trunk circumference Mean number of

Isolate (mm) fruit per tree per annum
Control 4110 a 346.6 a
GFMS 35 420.0 a 331.2a
GFMS 19 338.0 be 318.0a
GFMS 27 405.0 a 3120 a
GFMS 10 404.6 a 297.8a
GFMS 12 405.6 a 292.0 a
GFMS 2 307.8 cd 183.0b
GFMS 25 273.8d 1150b
GFSS 1 379.2 ab 187.0b

*Numbers followed by the same letter within the same columns do not differ significantly
at the 5% level (Fisher’s LSD).

considerably between different isolates,
from 2.5 for GFMS 12 to 76.0 for GFMS
18. Differences in stem-pitting develop-
ment also occurred among isolates orig-
inating from the same orchard. The
greatest variation occurred in the
Komatipoort B orchard, with a differ-
ence of 49 stem pits per square centimeter
between GFMS 2 and GFMS 3. This
orchard was situated in a very hot area,
and the CTV may have been suppressed
in the parent trees, thereby restricting the
visual identification of the more severe
infection (15). It is also possible that the
isolates consisted of several strains (13),
and that the climatic conditions favored
specific strains (3,9,14,17).

The results obtained from the initial
screening of the different isolates on West
Indian lime seedlings (Table 1) correlate
with the results obtained by Marais and
Kotzé (8) and da Graga et al (5). Since
the results obtained with the West Indian
lime host were complemented by using
grapefruit seedlings, as was suggested by
Marais and Kotzé (8), we do not agree
with their conclusion that West Indian
lime is not a suitable host for strain differ-
entiation (Table 2). These results empha-
sized that field symptoms in different
climatic conditions cannot be used to
judge isolate severity as was proven in
nature (4).

The use of more than one host to deter-
mine the biological activity of an isolate
was suggested by Garnsey et al (6).
Application of this procedure to some
of the isolates in this study gave the same
trend of isolate severity (i.e., GFMS 12
had an index value of 6.4; GFMS 35,
4.7, GFMS 10, 13.7; and a known severe
isolate GFSS 1, 30.5) (van Vuuren,
unpublished).
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Fig. 2. Mean number of fruit per tree in different marketable sizes of the cumulative yield
as assessed in a commercial citrus packhouse over five harvest seasons.

For the orchard evaluation, the three
mildest isolates from three different
orchards were selected (GFMS 12,
GFMS 27, and GFMS 35), along with
two intermediate isolates, one on the
lower part of the scale (20-50 pits per
square centimeter) (GFMS 10) and one
toward the top of the scale (GFMS 19),
and two that developed severe stem
pitting (GFMS 2 and GFMS 25). When
the trees were 4 yr old, those inoculated
with the two severe isolates were
significantly smaller than all the other
isolates, including the known severe
isolate GFSS 1 (data not shown), and
this trend has persisted (Table 3). Trunk
circumference did not differentiate
among the mild isolates and the known
severe isolate (GFSS 1) after 9 yr in the
field. This supported the glasshouse
finding that growth is not a good cri-
terion for CTV isolate differentiation
(Table 2).

The average cumulative fruit produc-
tion over a 5-yr period of the trees inocu-
lated with the three mild isolates and the
two intermediate isolates did not differ
significantly from the trees planted virus-
free (Table 3). The two isolates selected
as severe had significantly reduced pro-
duction similar to that of the known
severe isolate. A marked reduction in
yield occurred from the age of 7 yr and
older (Fig. 1, 1988).

Trees planted virus-free and subjected
to natural infection by aphids yielded
well, although the fruit size tended to
be small (76 mm), as shown in Figure
2. The distribution pattern of fruit size
for the mild isolate GFMS 35 and the
intermediate isolate GFMS 10 was
similar. Mild isolates GFMS 12 and
GFMS 27 and intermediate isolate
GFMS 19 had more small fruit than
GFMS 35 and GFMS 10 but less than
those planted virus-free. This indicated
that the isolates provided protection
against invasion by severe natural
strains. Fruit size of trees infected with
GFMS 2, GFMS 25, and the known
severe isolate GFSS 1 was commercially
unacceptable.

After 9 yr in the field, there was no
difference between glasshouse-rated mild
and intermediate isolates. Additional
time is required to establish the influence
of the isolates on tree life and their ability
to withstand natural disease pressure. It
was shown that severe isolates can be
identified in the glasshouse and elimi-
nated before using expensive land for
evaluation, which supports research
findings of van Vuuren and Moll (19)
and Yokomi et al (21).
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