
Plant Disease / February 2013 277 

Almond Leaf Scorch Disease Development on Almond Branches High-Grafted 
on Peach Rootstock 
Tiesen Cao, Department of Agricultural, Food and Nutrition Science, University of Alberta, Edmonton, AB T6G 2P5 Canada; and 
Theodore M. DeJong, Department of Plant Sciences, and Bruce C. Kirkpatrick, Department of Plant Pathology, University of 
California, Davis 95616 

Abstract 
Cao, T., DeJong, T. M., and Kirkpatrick, B. C. 2013. Almond leaf scorch disease development on almond branches high-grafted on peach rootstock. 
Plant Dis. 97:277-281. 

Development of almond leaf scorch (ALS) disease was monitored on 
young almond (Prunus dulcis ‘NePlus’ and ‘Peerless’) shoots pro-
duced from almond scion wood that was high-grafted on peach root-
stocks (P. persica ‘Queencrest/Nemaguard’), after the almond shoots 
were mechanically inoculated with Xylella fastidiosa. The objective of 
this study was to evaluate the potential movement of X. fastidiosa 
through almond–peach graft unions. ALS symptoms developed on both 
X. fastidiosa-inoculated and uninoculated almond shoots that were 
high-grafted on different peach limbs of the same tree in September 
following inoculations with X. fastidiosa made in June and July 2002, 
respectively, when the average distance in peach rootstock between the 
two almond–peach graft unions was 30.5 cm or shorter. No ALS symp-
toms were observed on uninoculated almond shoots late in the growing 
season of the second year. The incidence of ALS-affected leaves on 
shoots inoculated with X. fastidiosa decreased in the second year on 

the inoculated shoots of Peerless as determined by the number of in-
oculated shoots showing ALS symptoms in 2002 versus 2003. No 
visible ALS symptoms were observed in NePlus late in the growing 
season of the second year, suggesting that survival of X. fastidiosa in 
NePlus was less than in Peerless. These data demonstrate that movement 
of X. fastidiosa through two almond–peach graft unions was possible 
during the year of inoculation when the peach rootstock stem distance 
between the two almond–peach graft unions was minimal. However, X. 
fastidiosa may not survive the winter season or survived so poorly as not 
to be able to produce ALS symptoms in the second growing season on 
the uninoculated shoots that previously showed ALS symptoms in the 
fall of the year when an adjacent shoot was inoculated. The results 
suggest that high-grafting almond scion wood on multiple peach 
rootstock limbs may provide a means to limit movement of X. fastidiosa 
from one almond limb to another on the same tree. 

 

Almond leaf scorch (ALS) is a persistent disease that causes 
general growth decline, decreased productivity, and, in some cases, 
death of affected almond trees. Newly infected trees usually exhibit 
leaf scorch symptoms on a single terminal branch in July or Au-
gust. Later in the same season or in subsequent years, adjacent 
branches may become affected. Eventually, the whole tree may be 
systemically infected, often within 2 to 5 years (26). ALS is caused 
by Xylella fastidiosa Wells et al. (44), which can be graft transmit-
ted by buds, bud chips, or stems from naturally or experimentally 
infected trees to healthy 1- and 2-year-old almond trees (26). ALS 
has been observed to develop slowly through an orchard but sig-
nificantly decreases productivity of orchards in 10 to 15 years 
(34,37,38). 

X. fastidiosa, a gram-negative, xylem-limited, insect-transmitted 
bacterium, also causes diseases in many other agriculturally im-
portant plants such as grapevine, citrus, coffee, peach, and plum 
(2,11,17,22). Strains of X. fastidiosa are classified into different 
subspecies that differ genetically and, in some cases, infect differ-
ent plant hosts (35). Strains of X. fastidiosa that cause Pierce’s 
disease (PD) in grapevine and strains that cause ALS are classified 
as X. fastidiosa subsp. fastidiosa and X. fastidiosa subsp. multiplex, 
respectively (19,35). In California, X. fastidiosa subsp. multiplex 
(almond strain) has never been isolated from grape plants, although 
X. fastidiosa subsp. fastidiosa (grape strain) has been occasionally 
found in almond plants (3,7). Strains of X. fastidiosa subsp. multi-
plex that cause phony peach and plum leaf scald diseases can be 
graft transmitted such that plum strains can cause phony peach and 

vice versa (45). However, inoculations of those strains into almond 
trees produced no disease symptoms (33). Similarly X. fastidiosa 
subsp. fastidiosa cannot infect peach and plum (15,17). 

X. fastidiosa can be transmitted by at least six insect species of 
xylem-sap feeding sharpshooters (Hemiptera: Cicadellidae) and 
spittlebugs (Hemiptera: Cercopidae) (4,5,26,30). Draeculacephala 
minerva Ball, a sharpshooter leafhopper that can transmit X. fas-
tidiosa from almond to almond (26), was frequently found at the 
margins of almond orchards, with peak densities occurring during 
summer when X. fastidiosa titer is high in infected almond trees 
(8). D. minerva also was able to transfer a grape strain of X. fastidi-
osa from grape to almond trees (11,21). Other leafhoppers, includ-
ing Graphocephala atropunctata (Signoret), G. confluens (Uhler), 
and Carneocephala fulgida Nottingham, and the meadow spittle-
bug Philaenus spumarius L., are able to experimentally transmit 
ALS strains from almond to almond and from grape to almond 
(30). Introduction of the polyphagous glassy-winged sharpshooter 
(Homalodisca vitripennis) (42) into California circa 1989 (40,41) 
has increased incidence of diseases caused by X. fastidiosa (5) 
because H. vitripennis readily feeds on more than 100 species of 
herbaceous and woody plants and its behavior is more dispersive 
than native California vectors (1,18,27,28). 

Control of diseases caused by X. fastidiosa is difficult due to the 
broad plant host range and abundance and diversity of X. fastidiosa 
insect vectors. Freezing temperatures have been shown to be thera-
peutic for PD (31) and ALS on potted almond trees (23) but cold 
therapy may have limited practical use in localities where almond 
trees are grown in California. Control of weeds that are reservoirs 
of X. fastidiosa (36) or breeding hosts for insect vectors (32) may 
be one practical management tool. Spread of plum leaf scald dis-
ease was decreased by soil applications of imidacloprid, a systemic 
and xylem-transported insecticide, for a period of 5 years (12). The 
fact that a period of 2 to 5 years occurs between the occurrence of 
ALS on a single branch to systemic infection of the whole tree (26) 
indicates that multiplication and movement of X. fastidiosa within 
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the xylem of the tree is an important factor in disease development. 
Pruning of symptomatic branches infected with X. fastidiosa subsp. 
pauca has been reported as a cultural practice for the control of 
citrus variegated chlorosis in Brazil (13,20). Severe pruning of 
newly infected almond limbs has shown some promise in prevent-
ing systemic infection of the pathogen, depending on the sus-
ceptibility of the particular almond cultivar (T. Cao and B. C. Kirk-
patrick, unpublished data). We have PCR tested numerous peach 
leaves from rootstock suckers on almond trees expressing systemic 
ALS symptoms. In no case was X. fastidiosa detected in these 
peach leaves, suggesting that peach is immune to infection by 
strains of X. fastidiosa that cause ALS (24). In this study, we 
hypothesized that X. fastidiosa subsp. fastidiosa and X. fastidiosa 
subsp. multiplex could not pass through the xylem of almond–
peach graft unions and survive in the peach rootstock. Thus, we 
tested the feasibility of using peach as a rootstock with a high-
grafted almond scion scaffold system to prevent X. fastidiosa from 
spreading from almond scion limbs with ALS to scion limbs free 
of ALS. 

Materials and Methods 
Bacterial strains, culture conditions, and inoculum prepara-

tion. Strains of X. fastidiosa subsp. fastidiosa (Fetzer and Temec-
ula) were routinely maintained in PD3 media (9) at 28°C, and a 
strain of X. fastidiosa subsp. multiplex (Dixon) was grown in Peri-
winkle wilt (PW) media (10) at 28°C. Strains Fetzer (14) and 
Temecula (43) were originally isolated from symptomatic, PD-
affected grapevines in Napa Valley and Temecula Valley, respec-
tively, and strain Dixon was isolated from an almond tree growing 
in Solano County, CA (14). X. fastidiosa long-term storage was at 
–80°C in PD3 broth containing 15% glycerol for Fetzer and 
Temecula and in PW broth plus 15% glycerol for Dixon. For bacte-
rial inoculations, all three X. fastidiosa strains were grown sepa-
rately, either in PD3 or PW liquid media for 10 days on a rotary 
shaker at 28°C or on PD3 or PW agar media for 2 weeks at 28°C. 
X. fastidiosa cells grown in liquid media were harvested by 
centrifugation at 7,000 × g for 10 min at 4°C and the bacterial 

pellet was suspended in 3 ml of sterile deionized water (sdH2O). 
Strains grown on agar media were harvested by flooding the plate 
with 2 ml of sdH2O and the cells were gently scraped from the 
medium using a glass spreader tool. The concentration of each X. 
fastidiosa strain was adjusted to approximately 108 to 109 CFU/ml 
by measuring the optical density at 600 nm with a spectrophotome-
ter. To increase the chance of establishing X. fastidiosa infections, 
a combination of all three X. fastidiosa strains in equal concentra-
tion was used as the inoculum. 

Plant materials and high-grafting. From February to May 
2002, 1-year-old almond (Prunus dulcis (Mill.) D.A. Webb, 
‘NePlus’ and ‘Peerless’) stems were high-grafted onto 2-year-old 
peach trees (P. persica (L.) Batsch. ‘Queencrest/Nemaguard’) that 
were growing in the teaching orchard of the Department of Plant 
Sciences of the University of California, Davis. Four peach limbs 
of each tree were selected for grafting using either whip graft or 
chip budding of 1-year-old dormant almond scions. The graft union 
on each limb was at least 10 cm above the central tree trunk. After 
confirming successful grafting with the appearance of new almond 
shoots growing from the almond scion wood in May 2002, a 
perpendicular V training was performed to keep two peach scaffold 
limbs per tree with two current-season almond shoots per limb. 

Bacterial inoculation of almond shoots. Bacterial inoculations 
were made by placing 20 µl of bacterial suspension on a young 
stem and the bacterial drop was pierced with a fine needle into the 
shoot xylem, as described by Hopkins (16). The inoculum was 
typically drawn into the xylem transpirational stream within sec-
onds after the needle inoculation. Two bacterial inoculations, 1.0 to 
2.0 cm apart, were made on each almond shoot, and two new 
almond shoots of one peach limb were inoculated with bacteria on 
either 15 June or 15 July 2002, depending on the length of the new 
almond shoots. The remaining two almond shoots on the other 
peach scaffold limb of the same tree were left uninoculated and 
monitored for ALS symptoms to determine whether X. fastidiosa 
could move across the two almond–peach graft unions. In all, 10 
NePlus and 6 Peerless trees were inoculated on 15 June 2002, and 
5 trees each of NePlus and Peerless were inoculated on 15 July 

Fig. 1. Development of almond leaf scorch (ALS) following inoculation with cultured Xylella fastidiosa cells on A and B, 15 June 2002 and C and D, 15 July 2002. On 15 June 
2002, two current-year almond shoots were inoculated on one tree of each cultivar, for a total of 20 (NePlus) or 12 (Peerless) inoculated branches. A, Average numbers of 
leaves showing ALS symptoms averaged over 20 (NePlus) or 12 branches (Peerless). B, Distance (cm) of the farthest ALS symptomatic leaf to the point of inoculation (POI) 
averaged over 20 (NePlus) or 12 branches (Peerless). On 15 July 2002, two current-year almond shoots were inoculated on one tree, for a total of 10 inoculated branches of 
each cultivar. C, Average numbers of leaves showing ALS symptoms averaged over 10 branches. D, Distance (cm) of the farthest ALS symptomatic leaf to the point of 
inoculation (POI) averaged over 10 branches of each cultivar. The decreased number of leaves with ALS on A, 26 September for NePlus and B, 18 September for both 
NePlus and C, Peerless indicated that some ALS-symptomatic leaves fell off or were removed for testing by immunocapture polymerase chain reaction. Error bars represent
one standard error. 
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2002; thus, a total of 15 NePlus and 11 Peerless trees were inocu-
lated. 

Disease evaluation and data analysis. ALS symptoms were 
monitored by recording the number of leaves with ALS symptoms 
on both the inoculated and uninoculated almond shoots every 3 
weeks post inoculation. In September 2002, one to three ALS-
symptomatic leaves from both the inoculated and uninoculated 
almond shoots were sampled to test for the presence of X. fastidi-
osa using an immunocapture polymerase chain reaction (IC-PCR) 
assay (39) using primers RST31 and RST33 (25), as described by 
Cao and co-workers (6). In some cases, the basal two leaves, which 
were the closest to the almond–peach graft union, on the uninocu-
lated almond shoots were sampled for IC-PCR assay if no ALS 
symptoms developed on that uninoculated almond shoot. Some 
inoculated shoots expressing ALS were unable to be confirmed 
with the IC-PCR assay due to early defoliation in September 2002; 
such leaves were excluded from statistical analysis. Preliminary 
experiments showed that the IC-PCR assay consistently detected X. 
fastidiosa in a single ALS-symptomatic leaf with a fresh weight as 
low as 38 mg. In September 2003, only leaves with ALS symptoms 
were sampled for confirmation of X. fastidiosa infection using the 
IC-PCR assay. The Student’s t test was used for statistical signifi-
cance when mean distances and percentiles were compared. 

Results 
ALS symptom development. ALS-symptomatic leaves were 

first observed on the inoculated shoots of NePlus and Peerless by 
the end of July following inoculation of X. fastidiosa on 15 June 
2002 (Fig. 1A). Almond shoots inoculated on 15 July 2002 pro-
duced the first ALS-symptomatic leaves at the end of August 2002 
for both cultivars (Fig. 1C). The incubation period for X. fastidiosa 
to cause typical ALS symptoms was about 6 weeks. The first 
leaves with ALS symptoms were generally within 20.0 cm from 
the inoculation site on the inoculated almond shoots. By early Sep-
tember 2002, typical ALS leaf symptoms were found on most of 
the inoculated NePlus and Peerless almond shoots that were inocu-
lated on 15 June 2002 (Fig. 1A). For trees inoculated on 15 July 
2002, typical ALS leaf symptoms were observed on most of the 
inoculated almond shoots for both cultivars in September and early 
October 2002. Overall, shoots inoculated on 15 June 2002 devel-
oped, on average, 6.1 ± 0.8 leaves (mean ± standard error) per 
shoot with symptoms of ALS, which was significantly (P = 0.037) 
greater than 3.6 ± 0.8 leaves with ALS symptoms that developed 
on shoots inoculated on 15 July 2002. For each inoculation date 
(i.e., 15 June or 15 July 2002), there were no significant differ-
ences between NePlus and Peerless in the number of leaves with 
ALS symptoms per shoot. 

Migration of X. fastidiosa within almond shoots. The distance 
X. fastidiosa moved within the inoculated shoots was estimated by 
measuring the distance of the most distant ALS-symptomatic leaf 
from the inoculation site. By the end of September 2002, shoots 
inoculated on 15 June 2002, showed 51.3 ± 6.8 and 51.1 ± 10.3 cm 
of bacterial migration (mean ± standard error) in the inoculated 
shoots for NePlus and Peerless, respectively (Fig. 1B). By early 
October 2002, those shoots inoculated on 15 July 2002 showed 
37.0 ± 6.3 and 21.4 ± 4.9 cm of bacterial movement in the inocu-
lated shoots for NePlus and Peerless, respectively (Fig. 1D). As 

indicated by the presence of the most distant leaves with ALS 
symptoms for both cultivars, bacteria migrated an average of 51.2 
± 5.6 cm in shoots inoculated on 15 June 2002, which was signifi-
cantly (P = 0.008) greater than 29.2 ± 4.3 cm in shoots inoculated 
on 15 July 2002. Migration distance of X. fastidiosa within shoots 
did not significantly differ between NePlus and Peerless regardless 
of the inoculation dates (data not shown). 

By the end of the growing season of 2002, 87% (26 of 30) of the 
inoculated NePlus shoots showed ALS symptoms and 82% of the 
17 ALS-symptomatic shoots tested were IC-PCR positive for X. 
fastidiosa (Table 1). There were 14 uninoculated shoots that also 
had leaves with ALS symptoms (one to three leaves per shoot) in 
late August to early September 2002, and 5 of the shoots tested 
were IC-PCR positive for X. fastidiosa (Table 1). For Peerless, 
82% (18 of 22) of the inoculated shoots developed ALS symptoms 
and 75% of the 12 ALS-symptomatic shoots tested were IC-PCR 
positive for X. fastidiosa (Table 1). One to three leaves with ALS 
symptoms also were observed on seven uninoculated Peerless 
shoots in late August to early September 2002, and three of the 
seven shoots tested positive for X. fastidiosa by IC-PCR (Table 1). 

Distance between the two almond–peach graft unions was deter-
mined by measuring the length of peach stem section under the 
almond–peach graft unions. Student’s t test indicated that trees 
showing IC-PCR positive results on uninoculated shoots had a 
significantly (P = 0.046) shorter peach rootstock distance (30.5 ± 
4.5 cm, n = 8) between the two almond–peach graft unions com-
pared with those having IC-PCR negative results on uninoculated 
shoots (46.1 ± 4.5 cm, n = 18). 

ALS disease development on almond shoots that were inocu-
lated in 2002 also was monitored in the growing season of 2003. 
For NePlus, no shoots with ALS symptoms were observed in 2003. 
However, 13 of the 18 ALS-symptomatic Peerless shoots observed 
in 2002 developed typical ALS symptoms in 2003 and all 13 
shoots were PCR positive for X. fastidiosa. Of the 13 IC-PCR-
positive shoots, 9 shoots were inoculated on 15 June 2002 and 4 
were inoculated on 15 July 2002. Of the 14 NePlus and 7 Peerless 
shoots with ALS symptoms observed on the uninoculated shoots in 
2002, no ALS symptoms were observed in September 2003. The 
overall ability of X. fastidiosa to overwinter in NePlus (0 of 26 = 
0%) was significantly lower than in Peerless (13 of 18 = 72.2%, t = 
5.165, P < 0.01). 

Discussion 
The data demonstrated that an incubation period of about 6 

weeks post inoculation was necessary under field conditions for 
onset of ALS symptoms on leaves of the inoculated almond shoots, 
regardless of inoculation date. This is consistent with our previous 
observations that most of the almond cultivars develop ALS symp-
toms 4 to 10 weeks post inoculation (6). Previously, Davis and 
coworkers (11) inoculated almond shoot tips in March and June 
using a syringe injection method, and they found that ALS symp-
toms did not develop until October. Almeida and Purcell (3) inocu-
lated X. fastidiosa isolates ALS4 and Contra Costa to NonPareil 
almond young stems, and found advanced symptoms of marginal 
necrosis 2 months after inoculation. Prado and coworkers (29) 
reported that inoculation of high concentrations of X. fastidiosa 
resulted in higher infection rates in citrus and coffee. In our experi-

Table 1. Almond leaf scorch (ALS) symptom development following mechanical inoculation of Xylella fastidiosa-cultured cells made on 15 June and 15
July 2002 on current-year almond shoots and results tested by X. fastidiosa-specific immunocapture polymerase chain reaction (IC-PCR) assaya  

  Number of shoots 

Cultivar Treatment Total With ALS-symptomatic leaves PCR tested IC-PCR positive 

NePlus Inoculated 30 26 17 14 
 Uninoculated 30 14 15 5 
Peerless Inoculated 22 18 12 9 
 Uninoculated 22 7 11 3

a One to three leaves were collected from each shoot in September 2002 for IC-PCR assay. A few uninoculated shoots without ALS were also tested with IC-
PCR when their adjacent inoculated shoots developed ALS symptoms. 
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ments, we used high concentrations and large volumes of X. fas-
tidiosa cells as inoculum. It is possible that this inoculation proto-
col accelerated development of ALS symptoms. In a previous study 
(3), inoculated almond plants were kept in a greenhouse with natu-
ral light and shortening photoperiod, which may have significantly 
reduced plant growth and slowed symptom development compared 
with our field experiment results. Similarly, Ledbetter and Rogers 
(24) reported that an incubation period of 11 weeks is required for 
X. fastidiosa-inoculated almond trees to develop ALS under green-
house conditions. It is likely that differences in field and green-
house environmental factors such as temperature, humidity, light 
intensity, and photoperiod as well as plant growth rates between 
field and greenhouses may have had a significant effect on the 
length of incubation period. 

The presence of X. fastidiosa IC-PCR-positive ALS-sympto-
matic leaves on uninoculated shoots indicates within-plant move-
ment of X. fastidiosa through the peach rootstock and both al-
mond–peach graft unions. The significantly shorter distance of 
peach rootstock between the two almond–peach graft unions of 
trees with IC-PCR-positive results on uninoculated shoots com-
pared with those with IC-PCR-negative results on uninoculated 
shoots indicates that the within-plant spread of X. fastidiosa oc-
curred when there was a comparatively short distance separating 
the inoculated from the uninoculated shoot on the peach rootstock 
frame. The data also indicate that within-plant movement of X. 
fastidiosa in peach rootstocks occurred in both NePlus and Peer-
less varieties that were inoculated on 15 June and 15 July 2002, 
respectively. Thus, the within-plant movement of X. fastidiosa was 
not cultivar dependent if the bacterial inoculations were performed 
before the middle of July. We did not isolate X. fastidiosa from the 
petioles and midribs of the leaves because of slow growth of X. 
fastidiosa on solid medium and relatively high risk of contamina-
tion. Alternatively, the IC-PCR assay was adopted because it is 
faster and more sensitive compared with the isolation culture 
method (39). 

X. fastidiosa populations did not survive the winter of 2002–03 
in NePlus, because no ALS symptoms developed in fall 2003. The 
decreased number of inoculated Peerless shoots showing ALS 
symptoms in 2003 compared with 2002 indicates low overwinter 
survival of X. fastidiosa. Previously, Davis and coworkers (11), 
using both mechanical and leafhopper transmission inoculation 
procedures, inoculated 131 shoot tips in March and June and found 
that 31 of the 131 inoculated shoots developed ALS within 10 to 
30 cm of the inoculation site on each branch by October. Neverthe-
less, only 2 of the 131 inoculated branches developed ALS in 
October of the following year. Our results are consistent with Da-
vis et al. (11) and our previous study, which showed that X. 
fastidiosa could survive mild winters and cause ALS in some sus-
ceptible almond varieties after overwintering two or three seasons 
in California (6). It is not clear whether all three strains of X. 
fastidiosa were able to survive the winter of 2002–03 in the inocu-
lated Peerless shoots because a mixture of all three strains was 
used as inoculum. Previously, Almeida and Purcell (3) found that 
isolates from grape overwintered with higher efficiency in grape 
than in almond and isolates from almond overwintered better in 
almond than in grape. Further bacterial isolation would provide 
direct evidence regarding the fate of all three X. fastidiosa strains 
in relation to their ability to overwinter in almond. 

The data also demonstrated that survival of X. fastidiosa popula-
tions in NePlus was significantly lower than in Peerless. ALS has 
been observed on more than 10 commercially important almond 
varieties, including Nonpareil, Texas Mission, NePlus, and Peer-
less (34). Our previous research (6) demonstrated that Sonora, 
Solano, Peerless, Price, Mission, NePlus, Butte, Carmel, Padre, 
and Thompson almond varieties were susceptible to ALS when 
inoculated with X. fastidiosa in the first year. But chronic 
infections did not persist in Butte, Carmel, Padre, and Thompson 3 
years post inoculation, and persistent infection tended to be less 
severe in NePlus than in Peerless (6). The results presented in this 
study are consistent with these previous findings (6). 

Remission of ALS symptoms on uninoculated shoots in the sec-
ond growing season suggests that the population of X. fastidiosa in 
the uninoculated shoots, due to systemic movement through a short 
distance in the peach rootstock, may not have allowed X. fastidiosa 
populations to survive the winter at high enough titers to cause 
ALS in the uninoculated almond shoots in the 2003 growing 
season. We did not collect leaf samples from those asymptomatic 
branches of inoculated shoots of NePlus and uninoculated branches 
of both NePlus and Peerless in the late season of 2003 for a further 
confirmation using IC-PCR assay, because previous work showed 
that X. fastidiosa could only be consistently isolated from plants 
expressing typical ALS foliar symptoms (11). 

Collectively, the data allow us to hypothesize that systemic 
movement of X. fastidiosa through almond–peach graft unions was 
so limited that bacterial populations crossing the almond–peach 
graft unions could not survive the winter and subsequently cause 
ALS in the uninoculated almond shoots in the following year. This 
suggests that high-grafting almond scions on a peach rootstock 
scaffold might be an implementable management strategy to limit 
systemic movement of X. fastidiosa from one inoculated shoot to 
the rest of the almond branches grafted on the same peach root-
stock. Currently, all available almond trees propagated by commer-
cial nurseries are derived from a single almond bud that is low-
grafted on a peach, plum, or almond hybrid rootstock. If high-
grafting of almond onto peach rootstock scaffolds is adopted as a 
strategy to deal with ALS, it may be advisable to insure that graft 
unions are at least 50 cm above the branching point of the root-
stock. 
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