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Occurrence of Apical Bud Rot Disease on
Ornamental Palm (Pritchardia filifera) in Egypt
and its Control
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HIRTEEN bacterial isolates were isolated from collected

omamental palm samples showing apical bud rot symptoms .
Only three isolates were able to cause identical bacterial rot on palm
leaf rachides tissues in vitro. These isolates were identified as
Pseudomonas solanacearum . 1t is believed that the present study is
the first report that P. selanacearum cause apical bud rot infection to
the ornamental palm (Priichardia filifera) in Egypt In vitro tests,
Acetylsalicylic acid; Salicylic acid; Streptomycin sulphate ; Copper
sulphate and Kocide 101 showed high inhibitory effect on the growth
of the highly pathogenic bacterial isolate . Moderate inhibitory effect
on bacterial growth was observed with Tetracycline and Chloram-
phenicol, while Borax had no inhibiting effect. Mixing Acetylsalicylic
acid with Streptomycin sulphate (Strepto-Acetyle) inhibited bacterial
rot development on palm leaf rachides slices in vitro. Strepto-Acetyle
mixtures were more effective than each compound alone. In green-
house experiment, application of these mixtures at the same time of
bacterial inoculation gave complete reduction (100%) of rot
development when compared with their application before (80%)
and/or after (60%) bacterial inoculation. It is recommended that the
application of Strepto-Acetyle mixture ( 800 ppm + 60 mM ) at the
appearance of first sign of disease symptoms might be usetul as
control measure for apical bud rot of ornamental palm caused by P.
solgnaceqrum

Keywords: Acetyisalicylic acid, Apical bud rot, Ornamental palm
(Pritchardia  filifera), Pseudomonas solanacearum,
Salicylic acid, Streptomycin.

Ormamental plants had received a great attention in the last decades. They
represent great commercial value because of their usage for gardens decoration
in museums; hotels; touristic villages; private villas and public gardens. They are
also considered as raw materzal for some medicinal and industrial purposes.

Ornamental palm { Pritchardia filifera ) is restricted to the subtropical region
in the world. The knowledge about diseases affecting this plant is somewhat
limited. The available literature revealed that some attention was paid to date
palm in the last decades . However, some bacterial diseases were reported on
palm trees in certain countries to cause great losses. Akiew and Hans (1990)
stated that Pseudomonas solanacearum infecting a number of palms. The
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pathogen infects Alexandra palm trees { Archontophoenix alexandrae H.-Wendl.
& Drude ) in a commercial palm nursery in Australia , exhibit wilt, desiccated
leaves with brown-black vascular, discoloration and death premature. The
isolated bacteria were identified as Pseudomonas solanacearum. They added that
this is the first report of a member of the Palmae as a host for P. solanacearum in
Australia and elsewhere. Miller (1992) recorded that bacterial blight disease
caused by Pseudomonas avenae occurred on the omamental palm in North
America. Moreover, apical bud rot of date palm caused by Serratia marcesens
was also reported by Al-Rokibah (1996). On the other hand , bacterial blight of
Kiwifruit caused by Pseudomonas syringae and P. viridiflava was reported in
California (Conn et al., 1993) . These isolates also caused flower bud rot and
blossom blight .

It is interesting to note here that during the authors survey of different palm
nurseries located in Delta region , the bacterial apical bud rot disease was found
to affect ornamental palm (P.filifera) in Egypt. Investigation of this disease is
considered important especially in view of the wide prevalence of ornamental
palm plantation in Egypt. The objective of the present study was to isolate and
identify the pathogen from naturally infected palm (P. filifera) and to study their
sensitivity to different chemicals and antibiotics as control measures under
laboratory and field conditions.

Material and Methods

Isolation and identification of the causal pathogen

Samples of ornamental palm ( P. filifera ) showing apical bud rot symptoms
were collected from some private nurseries for palm species production located
at Cairo-Alexandria & Cairo-Ismailia desert highways. The percentage of disease
incidence of different palm species was estimated.

Isolation of the pathogen was carried out by cutting diseased samples (leaf
rachides tissues) to small pieces, surface disinfected in 1% sodium hypochlorite
solution for 2 min., then washed in sterilized water and left between two folds of
sterilized filter paper to remove the excess water. Specimens were finally placed
onto plates containing nutrient agar (NA) medium and incubated at 28 * 1° C for
five days .The growing bacterial colonies were picked up , streaked on NA slants
and then maintained for further studies .

Pathogenicity test and identification of pathogen

The isolated bacteria were tested for their pathogenic ability on palm ,using
leaf rachides cuttings of young off-shoots and potato tuber, under laboratory
conditions . Koch's postulates were followed in this test.

Leaf rachides cuttings of young ornamental palm ( P. filifera ) off-shoots and
potato tuber were surface disinfected by flaming | then cut into 2 cm thick slices
with almost equal diameter . Each slice was placed on the surface of moistened
filter paper in a Petri-disk. A 0.5 ml of previously prepared suspension (107 cfu)
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of tested isolates was used for inoculation, and placed at the center of each slice.
Five slices were used as replicates as well as control, All treatments were
incubated at 28 * 1°C for 5 days, then examined. Disease readings were expressed
as percentage of rotted tissue area (mm?) relative to the whole tissue area of each
tested item .

Bacterial isolates which could invade and colonize tissues of palm (P filifera)
slices, were identified according to Lelliott and Dicky (1984). Mormphological,
physiological and biochemical characteristics of tested bacteria were determined
following the methods of Gerhardt (1981); Bradbury (1986); Lelliott & Stead
(1987) and Schaad (1980 &1988).

Sensitivity test against chemical compounds

The inhibitory effect of some chemical compounds on bacterial growth was
tested in vitro. Different concentrations, ie. 0, 25, 50, 100, 200, 400 and 800
ppm based on the active ingredient of each of Streptomycin sulphate,
Tetracycline, Chloramphenicol, Copper sulphate, Borax and Kocide 101 were
used. Concentrations of Acetylsalicylic acid and Salicylic acid were based on
their molecular weight |, i.e. 0, 10, 20, 30, 40, 50 and 60 mM. A volume of 500
ml NA medium was seeded with 20 ml of bacterial suspension before
solidifying, then poured into Petri-dishes. Wells (0.5 cm diameter) were made
into solidified medium using cork borer (four wells/plate). Equal volume (0.1ml)
of each chemical compound concentration was poured into each well. Four wells
were used for each tested concentration as replicates. All plates were left for 15
min. in refrigerator before being incubated at 28 * 1°C for 72 hr, then the
diameter of zone of inhibited bacterial growth was measured.

Disease control

Acetylsalicylic acid and Streptomycin sulphate were tested for their effect on
rot development of palm leaf rachides cuttings of young ormamental palm (P.
Sfilifera) off-shoots inoculated with the pathogenic bacteria. Six mixtures
containing equal volumes of various concentrations of each Acetylsalicylic acid
and Streptomycin sulphate were used as foliows :

1-Acetylsalicylic acid { 60 mM )

2-Streptomycin sulphate ( 800 ppm )

3-Acetylsalicylic acid (60 mM) and Streptomycin sulphate (400 ppm)

4-Acetylsalicylic acid (30 mM) and Streptomycin sulphate (800 ppm)

5-Acetylsalicylic acid (30 mMO and Streptomycin sulphate (400 ppm}

6-Acetylsalicylic acid (60 mM) and Streptomycin sulphate (800 ppm)

Slices, nearly equal in diameter, of ornamental palm leaf rachides (P filifera)
and bacterial suspension were prepared as previously described. A volume of 0.5
ml of each tested concentration was placed on the center of each slice for 12 hrs
before and/or after as well as at the same time of artificial bacterial inoculation.
Both chemical concentrations and bacterial inoculation were applied at the same
site of each tested slice. Another set of slices inoculated only with bacteria
served as comparison treatmeni. Five replicates were used for each particular
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treatment . Al treatments were incubated at 28 * 1° C for 4 days then examined .
Observations of rot incidence and its development was calculated as percentage
of rotted tissue area per tested item .

Bactericidal application as therapy treatment was carried out under natural
conditions at private nursery located at the Cairo-Alexandria desert highway,
The applied treatments were Acetylsalicylic acid (60 mM); Streptomycin
sulphate (800 ppm) and their mixture of equal volumes of each at concentrations
of 60 mM and 800 ppm , respectively .

Ornamental palm off-shoots (P. filifera), of one year old, artificially
inoculated with the pathogenic bacteria through stem injection, 24 hr before and
after, as well as at the same time of chemical application .The rate of five ml/
palm of each chemical and bacterial suspension were applied at the same site of
tested paim trees. Another set of palm tiees were injected only with sterile water
and served as control treatment . Five trees were used as replicates for each
particular treatment and control as well. Observations for disease symptoms were
recorded , then the percentage of infected palm was calculated after three weeks
from application time .

Statistical analysis
Data obtained were statistically analyzed according to Steel and Torrie
(1960) .

Results and Discussion
Disease symptoms
Infected palmn trees, 3-5 years old, (Fig. 1} exhibit wilt symptoms . Wilted
leaves showed yellowish color, almost turned to light brown. Apical bud and
vascular tissues showed brown-black discoloration, and died prematurely.
Copious, milky white droplets of bacterial coze then formed on freshly cut
vascular tissues. Furthermore, the stem apex became decayed as a result of
infection development. Under severe infection, the pseudostem, consisting of
leaf bases, may fall down leaving naked stem apex .

The occurrence of apical bud rot disease on different palm species was
surveyed at different private palm production nurseries located at Cairo-
Alexandria & Cairo-Ismailia desert high ways. It was found that among different
examined palm species only few numbers of ormamental palm (P. filifera)
showed disease symptoms. The calculated percentage of diseased palms was 1-3
% at all surveyed locations,

Isolation ; identification and pathogenicity test of causal organisms

Isolation trials from collected palm (P. filifera) samples showing apical bud
rot symptoms resulted in 13 *acterial isolates. These isolates were tested for their
ability to cause rot infection on palm tissues and potato slices under laboratory
conditions (Table 1}. Data in Table 1 indicate that only three bacterial isolates
were able to cause rot symptoms on palm leaf rachides slices tested . No damage
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was observed on subjected tissues when artificially inoculated with the
remaining 10 of bacterial isolates as well as uninoculated control treatments.
Therefore, they were omitied from data presentation and further studies . The
importance of bacterial rot has been well documented in studies completed in
major areas of the world. Pathogenicity to plant tissues causing rot is considered
a positive reaction indicating virulence of bactenal isolates { Alcom et al.,1991).

Fig. 1. Disease symptoms of Apical bud rot on ornamental palm
(Pritchardia filifera) .
(A) Healthy palm . (B &C) Disease development on palm .
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TABLE 1. Rot incidence on slices of palm leaf rachides (P.filifera) and potato
artificially inoculated with some bacterial isolates in vitro .

Bactenal isolates - }?\olted tissue area %

Palm leaf rachides Potato
Isolate No. 1 82,6 0
Isolate No.2 58.4 0
Isolate No.3 62.8 0

LSD at 5% for Isolate  (I) :3.8
Host (H :16
Between (IxH):4.7

In the present study several bacteria were isolated from decayed samples of
ornamentat palm (P filifera ). Three isolates found to be pathogenic and causing rot
on palm slices tissues. In this regard , Pseudomonas spp. recorded as a pathogen to
numbers of palm trees causing wilt symptoms ; flower bud rot and blossom blight
diseases (Akiew & Hans, 1990 ; Miller, 1992 and Conn et ai., 1993 ) .

The pathogenic bacterial isolates were identified according to their
morphological, physiological and biochemical characteristics (Table 2 and 3 ).

Presented data (Table 2) revealed that on solid medium (NGA) the colonies
of stated bacteria were round , convex, muciod with entire margins , white and
circular. These isolates were gram negative, non spore former, rods, motile and
could grow at 37°C . They could not grow on YDDC or MS media , while on KB
agar medium , they were not able to produce fluorescent pigment . These isolates
showed positive reaction for gelatin liquefaction , O; requirements , production
of acid from sucrose and in denitrification test. Findings were negative for starch
hydrolysis, arginine dihydrolase and H;S production as well as the ability to
macerate potato slices.

Results presented in Table 2 revealed that the three pathogenic bacterial
isolates are identified as Pseudomonas spp. according to traditional methods
adopted for this purpose and introduced by several workers {(Gerhardt, 1981 ;
Bradbury , 1986; Lelliott & Stead , 1987 and Schaad , 1980 & 1988 ).

These isolates were kindly completely identified , as shown in Tabie 3, by Prof.
Kamilia M. Osman, Microbiology Dept. Faculty of Veterinary Midicine , Cairo
University. The identified bacteria were isolates of Pseudomonas solanacearum
which recently has a new scientific name as Ralstonia soranacearum .

In this respect, similar results were reported by Akiew and Hams (1990) who
reported that the isolated bacteria from the infecting dying prematurely
Alexandra palm trees (Archonfophoenix alexandrae) were identified as
Pseudomonas solanacearum (Smith) based on the scheme presented Sneath er al.
(1984). They added that the isolates were classified as biovar II on the basis of
their ability to utilize three hexose alcohols (manitol, sorbitol and dulcitol) and to
produce acid from three disaccharides (cellobiose, maltose and lactose). These
reports confirmed the obtained results represented in Table 3 .
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TABLE 2.Morphological, physiclogical and biological characters of three pathogenic
bacterial isolates caused apical bud rot on palm (P.filifera ) .

Test

Pseudomonas spp *

Isolate (1)

[solate (2)

Isolate (3}

FColonies color

White

White

White

Gram stain

Shape

Short rod

Short rod

Short rod

Sporulation

Motility

Growth at 35°C

+| +1

Growth on MS medium

Growth on YDC medium

Fluorescent pigments on KB agar medium

Maceration of potato slices

Gelatin liquefaction

Starch hydrolysis

Acid from sucrose

Denitnification

O; requirements

H;S production with peptone

Arginine dihydrofase

(+) = Pesitive reaction , {-) = No reaction .

* This identification was made up after purification and pathogenicity test.

TABLE 3. General and biochemical characteristics of three isolates of Pseudomonas

solanacearum .

Test

Isolates of

Pseudomonas solanacearum

No. 2

No. 3

Mol % G + Cof DNA

66.3

6.5

6.5

Number of polar flagela
Produciion 0% brown diffusible pigment

+—

+—

Antotrophic growth with H;

Uxidase reaction

NE N

Vi

overdin production

ocyanin production

Growth at 407 C

Utilization of . Glucose

Gluconate

Glycerol

—Ribose

Mamitol

HHH o+ ]

Sorbitol

L-arabinose

Maltose

—Cellobiose

_Laciose

i

D-xylose

" Glycine

D-galactose

o]k [ [H A H ]

Hofo | L | H A H ]

Sucrose

D-tryptophan

Asparagine

++

+|H

i Hpe g

T-hastdine
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Sensitivity test against chemical compounds

The inhibitory effect of some chemical compounds as well as antibiotics on
bacterial growth was evaluated in vitro . Data presented in Table 4 show that all
tested chemicals, except borax, and antibiotics caused clear inhibition zone of
bacterial growth. These zones vaned depending on the compound tested.
Acetylsalicylic acid and salicylic acid had pronounced inhibitory effect on
bacterial growth, over the other tested compounds, at all concentrations used ,

The measured diameter of the inhibited growth zone increased as the
concentrations of tested chemicals are increased to reach the maximum (25 and
21) mm at concentrations of 60 mM of Acetylsalicylic acid and Salicylic acid,
respectively. Several attempts were carried out by many Investigators to study
the direct effect of Acetylsalicylic acid and Salicylic acid on growth of various
bacteria in vitro . Rosini and Standardi (1991) stated that concentrations of 100
and 200 mg/liter (0.7 & 1.4 mM) of Salicylic acid were effective against
bacterial contamination in liquid solution. Also, Corthout et @l. (1994) reported
that salicvlic acid exhibited potent antibacterial activities against Bacillus cereus,
Streptococcus pyogenes and Mycobacterium fortuitum. They added that the
minimum inhibitive concentration was 3.25 mg/mi (23 mM). Furthermore,
Lopez-Lopez et al.(1995) recorded that concentrations of Acetylsalicylic acid
more than 0.04% (30 mM) caused complete inhibition to Erwinia cartovora
subsp, cartovora in vitro . '

The present study revealed that concentrations of 10 up to 60 mM of both
Acetylsalicylic acid and Salicylic acid were able to mhibit the growth of
Pseudomonas solanacearum in different extents increasing with the increase in
concentrations in an ascending order . Similar effect against the bacterial growth
was also observed with both tested antibiotics (tetracycline; chloramphinicol)
and copper compounds { copper sulphate; kocide 101 ) . Data in Table 4 show
that the antibtotics have superior inhibiting effect on bacterial growth comparing
with copper compounds. Streptomycin sulphate at a concentration of 800 ppm
caused the largest iphibition zone measured as 20 mm followed by 15 and 14
mm caused by Chloramphenicol and Tetracycline at the same concentration ,
respectively . On the other hand , data in Table 4 also show the inhibitory effect
of copper compounds on the growth of Pseudomonas solanacearum which has
been evaluated at different concentrations from 25 uwp to 800 ppm of active
ingredient. It is quite obvious that a high concentration of the copper compound
is needed to cause inhibition of the growth of tested bacterium . It was noticed
that Copper sulphate and kocide 101 have weak inhibitory effect starting only at
concentration of 400 ppm , while no inhibitory effect was observed at all
concentrations of borax added to the growth medium . It could be concluded that
the suppressive effect of copper compounds may be achieved only at high
concentrations. Similar results are also reported by El-Helaly et al. (1969);
Rushdi et af.(1972) and Abdel-Kader ef al.(1998) .

Control of bacterial diseases in practice, has been carried out by different
means. One of the most important methods all over the world is the chemical
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method. It was reported that bacterial rot diseases could be successfully
controlled by streptomycin sulphate (Smith, 1955; Tatsumi & Miyaura, 1964
and Farag et al.,1984) .

TABLE 4. Growth inhibition of Pseudomonas solanacearum in response to different
chemical compounds and antibiotics,

Tested compounds Concentrations ( ppm }
4] 25 50 160 200 400 800
Streptomycin sulphate 0= 0 6 8 10 16 20
Tetracycline 0 0 0 0 8 11 14
Chloramphinicol 0 0 0 0 9 12 15
Copper sulphate 0 0 4] 0 0 3 10
Kocide 101 0 0 0 0 0 7 9
Borax 0 G 0 0 0 0 0
Cocentrations (mM )
0 10 20 30 40 50 60
Acetylsalicylic acid 0 11 13 15 18 21 | 25
Salicylic acid 0 8 i0 12 14 18 21

* Average measured diameter (mm) of inhibition zone of bactenal growth

Disease conirol

In present study Streptomycin sulphate at 800 ppm showed the highest
inhibitory effect among all treatments. Such concentration is not practical under
field conditions. Moreover, high concentrations of Streptomycin sulphate might
have phytotoxic effect. Therefore, mixtures of Streptomycin sulphate and
Acetylsalicylic acid were evaluated for their efficacy on rot development on leaf
rachides of palm (P filifera ) off-shoots in vitro and under greenhouse conditions.
The results presented in Table 5 show obviously that mixing of Streptomycin
sulphate with Acetylsalicylic acid has improved the efficacy of Streptomycin
against rot development caused by Pseudomonas solanacearum .

Strepto—Acetyl mixtures were more effective than each compound alone.
This efficacy was increased by increasing the ratio of Acetylsalicylic acid in the
mixture. Small amount of Acetylsalicylic acid could be quite effective in disease
control when mixed with Streptomycin . Data also indicate that , application of
all tested chemicals alone or in mixtures at inoculation time with bacterial
inoculation resulted in the highest reduction in rotted tissue area comparing with
the two other treatments, although chemicals applied before bacterial inoculation
had superior effect ,on disease development, than that after bacterial inoculation .

. Application of Strepto-Acetyl mixture (800ppm-60mM) caused the highest
reduction in rotted tissue area (71.7 %). Parallel reduction in rotted tissue area
was observed by decreasing the ratio of either Streptomycin or Acetyisalicylic
acid in the mixture, which ranged between 60.1-63.2 %. On the other hand ,
application of either Streptomycin or Acetylsalicylic acid alone resulted in the
minimum reduction in rotted tissue area of 54.9 and 58.2 % , respectively .
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TABLE 5. Rotted tissue area (mm’) of apical bud rot disease on palm (P.filifera )
caused by P. solanacearum in response to treatments of Streptomycin
sulphate , Acetylsalicylic acid and their mixtures in vitro,

Tested mixtures Time of application
A B c A B C
Rotled tissue area % | Reduction %
Streptomycin sulphate 300 ppm 463 | 326 | 584 | 359 [ 549 | 19.2
Acetylsalicylic acid 60 mM 402 1302 | 486 | 443 | 582 | 327
Streptomycin sulphate 800 ppm 266 | 204 | 386 ) 632 | Ti.L7 | 46.6
+ Acetylsalicylic acid 60 mM
Streptomycin suiphate 800 ppm 327 | 266 | 364 | 547 | 632 | 496
+ Acetylsalicylic acid 30 mM
Streptomycin sulphate 400 ppm 294 228 (342 | 593 | 684 | 526
+ Acetylsalicylic acid 60 mM
Streptomycin sulphate 400 ppm 344 | 288 {402 | 524 { 601 | 443
+ Acetylsalicylic acid 30 mM
Control 72.3 -

A : before bacterial inoculation (12 hrs ).
B : at the time of bactenial inoculation.
C : after bacterial inoculation (12 hrs ).

LSD at 5% for Chemical compound (C) 8
Time of application (T) 4.1
Between {(CxT) :62

Strepto- Acetyl mixture (800 ppm- 60 mM} which proved to be the most
effective treatment against disease development was evaluated under greenhouse
conditions.

Data presented in Table 6 revealed that the applied treatments on palm oft-
shoots showed similar effect on disease development as that recorded in virro
experiment . Application of Strepto- Acetyl mixture (800ppm-60mM) at the same
time of bacterial inoculation counld completely suppress infection . On the other
hand, no considerable differences in disease incidence were observed when
Strepto-Acety] mixture was applied either before or after bacterial inoculation ,
whereas the percentage of infected palm (P. filifera ) off-shoots was recorded as
20 and 40 % , respectively .

Recorded results, in the present study, indicate thai the application of tested
chemical compounds and their mixtures at the same time of bacterial inoculation
has a direct effect on tested bacteria which was reflected on the presence of
smallest rotted area of palm rachides tissues (in vitre test) and complete
suppression of disease infection of palm off-shoots ( in greeshouse experiment} ,
when compared with the other two times of applications . These results could be
attributed to the direct effects of the used compounds on the causal bacteria
before setting the infection. The presence of Streptomycin may have a direct
effect on bacterial cell permeability which increase the diffusion of the
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Acetylsalicylic acid particles and consequently its toxicity to the viable cell. This
conclusions is in a harmony with those reported by many researchers that
Streptomycin inhibits protein synthesis in bacteria by attaching to the bacterial
ribosomes, thus inhibiting their function (Smith, 1955 and Norelli & Gilatrick,
1982).

TABLE 6. Efficacy of streptomycin sulphate and acetylsalicylic acid on the
percentage of infected palm (P.filifera ) off-shoots with apical bud rot
disease under artificial inoculation with Pseudomonas solanacearum.

Tested mixtures Time of application
A B Jc A |B [C
Disease incidence % Disease reduction %
Streptomycin sulphate 800 ppm 40 20 80 60 80 20
Acetylsalicylic acid 60 mM 40 20 80 60 80 20
Streptomycin sulphate 800 ppm + 20 0 40 80 100 60
Acetylsalicylic acid 60 mM
Control 100 | 100 100 - - -

percentage of infected palm
: before bacterial inoculation (24 hr ).
- at the time of bacterial inoculation.
: after bacterial inoculation (24 hr ).

O *

However, Streptomycin may inhibit enzyme activity, therefore the bacterial
cell becomes more weak and sensitive to Acetylsalicylic acid. On the other hand,
in the present study, remarkable reduction (B0%) in disease infection was
observed when Strepto-Acetyl compounds applied 24 hr before bacterial
inoculation. This observed phenomenon could be attributed to the fact that
Acetylsalicylic is one of chemical inducers for plant resistance . In this regard ,
Salicylic acid and its ester Acetylsalicylic acid were used for induction of
resistance in many host-pathogen systems (Dennis and Guest , 1993 & Reglinski
et al., 1997) . It was postulated that Salicylic acid may act as transmissible signal
for induction of resistance and that have a crucial role in the induction of SAR-
gene expression (Neunschwander et al.,1995) . Furthermore , it was found that
Salicylic acid and Acetylsalicylic acid play their role in inducing SAR by
stimulation of biosynthesis of pathogenesis-related proteins (White, 1979 and
Raskin, 1992). These reports may explain the recorded findings in the present
study .

It could be suggested that application of Strepto- Acetyl mixture (800 ppm-
60mM) at the appearance of first sign of disease symptoms might be used as
control measure for apical bud rot of ornamental palm (P. filifera) caused by
P.solanacearum under field conditions .
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