Malaysian Journal of Microbiology, Vol 10(4) 2014, pp. 241-248
http://dx.doi.org/10.21161/mjm.62714

Malaysian Journal of Microbiology
Published by Malaysian Society of Microbiology
(In

since 2011)

Fusarium proliferatum culture filtrate sensitivity of Dendrobium sonia-28’s PLBs
derived regenerated plantlets
Raheleh Dehgahi, Latiffah Zakaria, Alireza Joniyas and Sreeramanan Subramaniam

*

School of Biological Sciences, Universiti Sains Malaysia, Georgetown, 11800 Penang, Malaysia.
Email: sreeramanan@gmail.com/sreeramanan@usm.my
Received 20 March 2014; Received in revised form 1 August 2014; Accepted 6 August 2014

ABSTRACT
Aims: Dendrobium sonia-28 is an important orchid in the Malaysian flower industry and currently facing serious
production problems due fungal diseases. To overcome this impediment, one of the strategies being pursued is by the
production of new orchid mutants. In this prospect, the present study was aimed to determine effects of Fusarium
proliferatum culture filtrate on the potential of producing somaclonal variants Dendrobium sonia-28 plants tolerance to F.
proliferatum disease infection.
Methodology and results: Here, we assessed Fusarium proliferatum pathogenicity on the survival and fresh weight
responses of Dendrobium sonia-28 PLBs using culture filtrate. PLBs death increased at the highest concentrations and
resulted in reduced weight among survivors. There were appreciable variations in plantlet structure and morphology
relative to increase fungal filtrate concentration. Plantlets infected with lower concentrations of the fungus had better
development of the shoot and root as well as the foliage. Histology and SEM analysis disclosed severe cell wall damage
and stomatal closure in protocorm-like bodies (PLBs) infected with the higher fungal filtrate concentrations.
Conclusion, significance and impact study: As well as giving insights into the clonal reproduction of F. proliferatum,
these results emphasizes the significance of somaclonal variation plants production based on low fungal infection
tolerance in floriculture technology. Hence, the ability of the Dendrobium sonia-28 to survive after F. proliferatum
infection opens new avenues for resistance gene discovery and future development of fungus resistant transgenic
orchids.
Keywords: Dendrobium sonia-28, Somaclonal variation, PLBs, Culture filtrate.

INTRODUCTION
The Asia-Pacific region has the major share of the total
world area under floriculture production (FAO, 2010). In
Southeast Asia, this sector is profitable agri-business. Cut
flowers and many other floricultural products are key
export products for many countries. These include
Malaysia, where the horticultural sector has recorded
phenomenal growth over the past years especially in the
floriculture industry which has seen a significant increase
in land under cultivation from 3,370 ha in 2005 to 7,000 ha
in 2010 (Hamir et al., 2008). In particular, the cut flower
industry has recorded a notable growth from mid-90s, with
Dendrobium orchids being the main grown flower plants
(Jong et al., 1995; Khosravi et al., 2009).
Members of this orchid genus possess medicinal
properties against many diseases, including fever,
diabetes, infection, cancer, and eye problems (Jong et al.,
1995). Dendrobium species have also nutritional values
and their uptake can boost athletic performance (Jong et
al., 1995). However, they are best known for their

flowering floriferousness, broad range in flower colour,
size, and shape with year-round availability as well as
long post-harvest life span (Kuehnle, 2007; Khosravi et
al., 2009).
Dendrobium sonia-28 a hybrid resulting from the cross
between Dendrobium Caesar and Dendrobium Tomie
Drake, is a famous for its pink-coloured and good cut
flowers. Through in vitro system, Dendrobium sonia-28
reproduces based on regeneration of new plantlets
through protocorms and protocorm-like bodies (PLBs)
(Saiprasad and Polisetty, 2003). Dendrobiums are
susceptible to several pathogens and the diseases they
transmit (Samuels and Brayford, 1994; Hirooka et al.,
2005; Halleen et al., 2006; Hirooka et al., 2006). Such
pathogens include fungi of the genus Fusarium which
attack the root system causing wilting (Starr et al., 1989,
Rossman et al., 2013), growth stunt, defoliation, chlorosis,
failure vascular system, browning of the vascular system
(Agrios, 1988) as well as discolouration of the rhizome
and stem bases (Elena and Kranias, 1996). Most fungal
pathogens infesting orchids exhibit the same general
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nature of breeding, principally, living as spores in the soil
or as mycelium in diseased plant litter and are spreading
with host propagation materials (Fantino and Fantuz,
1990; Doan and Carris, 1998).
F. proliferatum has increased potential for producing
diverse mycotoxins and was regarded as a major pest of
many crops (Kushiro et al., 2012), including commercially
cut-flower plants (Fattahi et al., 2014). Attempts to fight
these infections that can seriously reduce market ability
rely heavily on the increased use of chemical insecticides,
in particular fungicides. Although some such as
chlorothalonil, azoxystrobin, fludioxonil and palladium
worked well, the development of resistance has severely
hindered success in such approach (Wedge and Elmer,
2008; Wedge et al., 2013). To increase profits, there has
been a great deal of research adopting new production
technologies for short production cycles in commercial
nurseries. However, this has led to serious productivity
problems, in particular increased susceptibility to diseases
(Wedge and Elmer, 2008). However, these technological
successes were associated with productivity problems.
In support of this contention, it has been reported that
Dendrobium sonia-28, an important ornamental orchid in
Malaysia is experiencing a reduced germination pace and
risks of producing unsought progenies (Poobathy et al.,
2013). Additionally, the use of pathogen toxin as selective
agents at the tissue culture might be a good source of
variability that could lead to selection of individuals with
various levels of resistance to the pathogen (Svabova and
Lebeda, 2005). In the case of antifungal compounds, a
better understanding of orchid-fungus interactions is
relevant and important.
The present work was carried out to determine the
effect of F. proliferatum culture filtrate on Dendrobium
sonia-28 PLBs followed by the morphological studies of
the regenerated plantlets.

weeks of culture, ten (10) to fifteen (15) pieces of PDA
containing fungal were inoculated in 50 mL of liquid MS
medium in 250 mL Erlenmeyer flask. After two weeks of
incubation, the medium was divided into five equal parts
and maintained under dim light at 22 °C. Small mycelium
balls that emerged in suspension after six weeks were
then allowed to passed through a filter paper (Whatman),
followed by centrifugation at 10,000xg for 20 min.
Supernatant was then sterilized using a nitrocellulose filter
(0.22 μm) and stored at ‒20 °C.
Culture filtrate treatment on Dendrobium sonia-28 PLBs
Culture filtrate (CF) was added to the autoclaved MS
medium after filter sterilization in different concentrations.
One hundred (100) PLBs in two different sizes, each size
were inoculated on MS medium containing 5, 10, 15 and
20% CF. Ten (10) pieces of PLBs were placed in a Petri
dishes and incubated in the similar culture room condition
as 25±2 °C under a 16 h photoperiod using cool white
fluorescent lamps.
Selection and regeneration of PLBs tolerant to culture
filtrate
After four weeks of incubation on MS medium containing
5, 10, 15 and 20% of CF, survived PLBs which appeared
green were selected and further subcultured onto a fresh
selection medium containing same CF concentration and
incubated for another four weeks. Tissue culture response
of the PLBs was recorded after four weeks as the (1) fresh
weight of growing PLBs and after eight weeks as the (2)
frequencies of PLBs survival rate (number of PLBs that
formed expressed as a percentage of the number of
explants tested).
Scanning electron microscope (SEM) of PLBs

MATERIALS AND METHODS
Plant material and culture condition
In vitro cultures of PLB of Dendrobium sonia-28 were
used for in vitro selection study. The PLBs were
cultured/maintained in a half-strength semi-solid MS
media (Murashige and Skoog, 1962) supplemented with 1
mg/L of Benzylaminopurine (BAP) and 2% sucrose. The
pH was adjusted to 5.8 prior to autoclaving. The PLBs
were grown at 25 °C under 16 h photoperiod using cool
white fluorescent lamps (Philips TLD, 36 W, 150
µmol/m2.s). The PLBs were then subcultured for every
four weeks. Newly developed healthy PLBs in range of 12 and 3-4 mm were used as explants for the following
treatments.
Preparation of Fusarium proliferatum culture filtrate and
selection media

Comparison of stomatal behaviour between inoculated
and healthy PLBs were made using scanning electron
microscope observation through the freeze drying method.
Experiments were initiated at hour 3 of the inoculation,
consequently, the treated and untreated PLBs were
immediately removed from the recovery medium under
light condition following they were dabbed dry with a piece
of filter paper, they were neither treated nor coated
preceding the viewing; thus, they were observed in their
natural state. The VP SEM was initiated with a saturated
humidity of 4 °C; the apparatus consisted of a Peltier
cooling stage possessing a gas pressure of 500-700 Pa.
The tension value was recorded at an extra high value of
15 kV. The samples produced were later viewed with the
aid of a Leo Supra 50VP Field Emission scanning electron
microscope (Carl Zeiss SMT, Germany). To facilitate
measurement of stomatal closure, tow PLBs, each
containing approximately 15 stomata, were taken for each
treatment.

For the preparation of Fusarium proliferatum culture
filtrate, 5 mm size discs of PDA that contained 30 days old
fungal cultures were transferred onto fresh PDA. After two
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Histological observation of PLBs
The PLBs were also subjected to a histological study to
observe differences in both resistant and sensitive PLBs
of the Dendrobium sonia-28. Histological observations
were carried out in PLBs at four weeks after CF treatment
on five replicates per each concentration.
Morphological studies
The regenerating explants for control and plantlets of
Dendrobium sonia-28 that were selected upon exposure
to culture filtrate were subcultured six times (each
subculture, 28 days). Results were recorded after six
months of regeneration for: (1) the number of offshoots
per plantlet, (2) the length of offshoots per plantlet, (3) the
number of fully opened leaves per plantlet, (4) the length
of fully opened leaves per plantlet, (5) the number of roots
(> 0.1 cm was considered for counting) and (6) the length
of roots per plantlet. Three plantlets per replicate were
subjected to the experiment with four replicates for each
treatment.

higher survival rate was recorded in calli inoculated with
lower concentration of CF (below 7.5 mL/L). In addition,
Kumar et al. (2008) reported similar findings regarding to
the decrease of the callus weight compare to the control
at the higher concentrations of culture filtrate in
Chrysanthemum (Dendranthemagran diflorum Tzelev).
Furthermore, Hartman et al. (1986) also showed a
correlation between growth of bean cultivars calli (fresh
weight loss and necrosis) and pathogenicity of culture
filtrate. Successive exposures to the CF during screening
may lead to undesirable mutations which result in plants
exhibiting susceptibilities to biotic and abiotic factors
(Matsumoto et al., 2010). This may explain that the high
mortality observed in CF higher concentration. This
regular decrease in PLBs survival rate with the toxic
culture filtrate in the medium was probably due to the
presence of toxic metabolites in the toxic culture filtrate
and it may be used as an effective screening agent in a
cell selection program.

Statistical analysis
Statistical analysis were performed using predictive
analytic software SPSS (SPSS 16.0, IBM, US). Data
collected were analyzed for variant using one-way
ANOVA and the differences were contrasted using
Tukey’s multiple range test at 5% significance level.
RESULTS AND DISCUSSION
Effect of fungal culture filtrate concentration on PLBs
of Dendrobium sonia-28
Interaction of various culture filtrate concentration
indicated higher concentration of CF was found to have
significant effect on surviving rate and fresh weight of
PLBs in both different sizes. Venkatacalam et al. (1995)
and Saxena et al. (2008) reported that the growth on the
toxic media was dependent on the size of the callus. This
is could be the reason of culture filtrate (CF) had a
significant effect on small size of PLBs’ survival rate
(Figure 1). Highest survival percentages (24%) and lowest
(12%) of 3-4 mm PLBs obtained from interactions of 5 and
20% of culture filtrates (Figure 1). Similar trend was
obtained for determination of PLB’s fresh weight.
Increasing culture filtrate concentration to 20% showed a
greater decrease of PLBs final fresh weight (0.11 g) as
compared to PLBs inoculated with lower concentration of
culture filtrate (Figure 2).
Number of previous studies reported that the toxin
present in CF was able to inhibit cell growth
(Selvapandiyan et al., 1988). For instance, Tripathi et al.
(2008) demonstrated in a study on in vitro selection for
onion resistance against purple blotch disease Alternaria
porri, embryos exposed to toxic culture filtrate at different
periods of times. They have noted that continuous
exposure resulted increased mortality rate. Conversely,

Figure 1: Effect of various concentrations of culture filtrate
on the survival rate of Dendrobium sonia-28 orchid’s PLBs
in two different sizes of 1-2 and 3-4 mm.

Figure 2: Effect of various concentrations of culture filtrate
(CF) on the final fresh weight of Dendrobium sonia-28
orchid’s PLBs in two different sizes of 1-2 and 3-4 mm.
Histological observation of PLBs of Dendrobium
sonia-28
Histological observation of untreated PLBs displayed
intact cells with uniform polyhedral shapes and also
revealed that the meristematic cells are densely arranged
on the external layers. This epidermal meristematic cell is
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Figure 3: Histology observation on the PLBs of Dendrobium sonia-28 (Scale bar=50 µm). A, Untreated PLBs; B, PLBs
treated with 5% culture filtrate; C, PLBs treated with 10% culture filtrate; D, PLBs treated with 15% culture filtrate; E,
PLBs treated with 20% culture filtrate.

very thin, consist only one to three rows of small cell
layers of thin-walled cells, one over the other, without
intercellular spaces. Sections from treated PLBs by
different concentrations of CF revealed that the epidermal
cell was mainly restricted to the outermost cell layers.
Hence, CF prevented epidermal formation in treated
PLBs. It decreases number of epidermal layers from 3±0.4
in non-treated PLBs to 2±0.5, 2±0.4, 1±0.5 and 1±0.4 in
PLBs treated with 5, 10, 15 and 20% of CF (Figure 3). The
extent of changes was much greater after treatment with
higher concentrations of CF at a lower concentration. This
may suggest that although metabolites of Fusarium
proliferatum culture filtrate are capable of inducing
alterations in cell structure, their effect strengthens with
increasing concentrations. El-Hassan et al. (2007)
demonstrated through histological analysis, it was
observed that fusaric acid inoculation decreases number
of periderm layers in potato tuber slices.
The inner cells consist of large vacuolated
parenchymatic cells with less visible nucleus. In PLBs
growing under CF treatments, the epidermal layers of the
PLBs are thinner than in PLBs growing in control
conditions. Our observations also indicated that cell
shrinking could be associated to CF concentration since
shrinking cells increased with increasing concentration of
CF compare to control. In fact, cell damage was rapidly
increased in PLBs developing at higher concentration of
CF (15 and 20%). Similar observation was reported by

Diniz and Oliveira (2009) on Zea mays L. seedlings that
parenchymal cell length decreased at increasing
concentrations of fusaric acid.
Surface morphological observations of PLBs
The surface morphology of PLBs of Dendrobium sonia-28
was observed under scanning electron microscope (SEM)
and shown in Figure 4. Experiments were initiated at hour
3 of the inoculation under the light condition.
SEM studies of the control and treated PLBs indicated
that CF damages exterior regions of the PLBs. Numerous
stomatal were distributed around the untreated PLBs
surface. All concentrations of CF increased the stomatal
closure of PLBs and this was intensiﬁed with increasing
concentrations of CF (0-20%). Results obtained from this
study showed that 30 randomly selected stomatal in each
of untreated PLBs. Virtually all stomatal were fully open
(96%) in control treatment whilst on inoculated PLBs with
high CF concentration (20%) with none was fully open,
few were partially open (7%), and the majority was closed
(93%). In inoculated PLBs with lower concentrations of CF
(5, 10, 15%), stomatal behaviour was nearly identical to
that of stomatal in PLBs inoculated with highest
concentration of CF. In inoculated PLBs with 5, 10, 15% of
CF concentration, many of the stomatal were closed and
that the percentage were 76, 83 and 90%, respectively.
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Figure 4: SEM of Dendrobium sonia-28 PLB stomata (Scale bar = 1.00Kx). A, Untreated PLBs; B, The stomata of PLBs
treated with 5% culture filtrate; C, Stomata of PLBs treated with 10% culture filtrate; D, Stomata of PLBs treated with
15% culture filtrate; E, Stomata of PLBs treated with 20% culture filtrate.
It is believed that stomatal play an important regulatory
role in plant-environment interactions (Pei et al., 2000;
Garcia-Mata and Lamattina, 2001; Desikan et al., 2002).
Accordingly, stomatal function can be perturbed following
by plant attack by a pathogen, which triggers the H 2O2/NO
in the defense process. Stomatal opening was necessary
for fungal penetration (Pierre et al., 1977). It has been
found that abiotic factors such as water status and solar
radiation are main effectors on stomatal conductance but
foliar pathogens may also affect plants by penetrating
from stomatal (Goodman et al. 1986; Lucas, 1998). Zeng
et al. (2010) reviewed that stomatal represent a major
route of pathogen invasion and stomatal closure appears
to be part of plant immune response. Our results align well
with previous studies by Majernik (1971), and Ayres and
Zadoks (1979) reporting Blumeria graminis infection
impair stomatal opening in Barley and Pea plants in light.
Furthermore, Martin et al. (1975) showed reduced
transpiration (indicating stomatal closure) by wheat
seedlings within 3-6 h after inoculation with B. graminis
conidia. Powdery mildew infection causes stomata closure
in the light and its opening in the darkness (Majernik,
1971; Ayres, 1976). Moreover, Martin et al. (1975)
reported that within 6 h of powdery mildew pathogen
inoculation, wheat stomatal opening was inhibited.

Morphological characteristics of in vitro plantlets
upon CF treatment
Incorporation of different concentrations of CF in MS
media containing affected physiological conditions of the
regenerated plants such as number of leaf, plantlet’s
height, and roots. Morphological changes on in vitro
plantlets were more observed on plantlets derived from
PLBs inoculated with higher CF concentrations (Table 1).
Most of treated plantlets have narrow and pointed leaves
as compared with broad leaves of the normal Dendrobium
sonia-28 plantlets. In addition, abnormal plantlets with
stunted shoots were seen on each regenerated plantlets
treated with higher CF concentrations. Similarly, Gonzalez
et al. (2006) also indicated that Pseudomonas syringae
pv. Phaseolicola culture filtrate was responsible for a
lower bud shoot growth in a race-specific susceptible
cultivar of bean explants.
Significant inhibition of root growth was observed at
higher concentration of CF compared to untreated
plantlets with the lengths reached significantly less values
than those recorded when CF stress was imposed at
higher concentrations (Table 1). The application of culture
filtrates (CFs) of Fusarium on plants has been often
associated with the inhibition of the growth of plant root
system (Chen and Swart, 2002; Khan et al., 2004). Our
findings is correlated with Khan et al. (2004) which
reported that the culture filtrates of Fusarium oxysporum
at normal concentration and 50% diluted of CF reduced
the root length of germinating seeds of both chickpea
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Table 1: Effect of various concentrations of culture filtrate on the no. of offshoots, offshoot length (cm), no. of fully
opened leaf, leaf length (cm), no. of roots and root lengths (cm) of Dendrobium sonia-28 orchid plantlets after 6 months.
CF Conc.
(%)

No. of Offshoots

0

2±0.32

a

0.8±0.14

a

4±0.62

a

2.5 ±0.22

5

1±0.21

b

0.6±0.11

b

3±0.49

b

1.2±0.26

b

3±1.11

b

0.6±0.27

b

10

1± 0.20

0.4±0.10

c

3±0.62

c

0.9±0.20

c

2±0.42

c

0.4±0.43

c

15

1±0.18

b

0.2±0.07

c

2±0.26

c

0.7±0.09

d

2±1.13

c

0.2±0.04

c

20

1±0.18

b

0.1±0.23

c

2±0.32

c

0.5±0.15

d

1±0.17

c

0.1±0.53

c

b

Off shoot length
(cm)

No. of leaf

Leaf length
(cm)
a

No. of roots

4 ±0.94

a

Root length
(cm)
1.5 ±0.53

a

Values within the column followed by different letter(s) are significantly different at p≤0.05 by Tukey’s multiple range test.

REFERENCES

varieties compared to their control. Chen and Swart
(2002) reported similar findings regarding to the
significant inhibition of root growth in five varieties of
Amaranthus hybridus exposing culture filtrate of Fusarium
oxysporum.

rd

CONCLUSION
It can be concluded from the present study that the effect
of the CF was more severe when incorporated at the
higher concentrations, as evidenced by the higher levels
of PLBs necrosis at 20% CF. Differential effects of the CF
occurring on the various physiological processes and
resulting consequent decrease in plantlet shoot and root
growth. Furthermore, histology and SEM observations
were found to be a better indicator of the effect of CF on
PLBs as more damages on cell walls and surface of PLBs
were obtained amongst the higher concentration of CF
treatment. In Dendrobium sonia-28 plants, for obtaining
resistant plants by applying in vitro selection methods, it is
necessary to pursue research on in vivo as well as in vitro
resistant mechanisms to this wilt disease. Dendrobium
sonia-28 PLBs tolerance to Fusarium proliferatum will be
tested in the greenhouse and field tests will be carried out.

Figure 5: Effect of culture filtrate at different concentration
on Dendrobium sonia-28 plantlets after 6 months of
inoculation. A, Untreated plantlet; B, Plantlet treated with
5% culture filtrate; C, Plantlet treated with 10% culture
filtrate; D, Plantlet treated with 15% culture filtrate; E,
Plantlet treated with 20% culture filtrate. Scale bar = 1 cm.

Agrios, G. N. (1988). Plant Pathology. 3 edn. Academic
Press, Inc., New York. pp. 1-803.
Ayres, P. G. (1976). Patterns of stomatal behaviour,
transpiration and CO2 exchange in pea following
infection by powdery mildew (Erysiphe pisi). Journal of
Experimental Botany 27, 354-363.
Ayres, P. G. and Zadoks, J. C. (1979). Combined
effects of powdery mildew disease and soil water level
on the water relations and growth of barley.
Physiological Plant Pathology 14, 347-361.
Chen, W. and Swart, W. J. (2002). The in vitro
phytotoxicity of culture filtrates of Fusarium oxysporum
to five genotypes of Amaranthus hybridus. Euphytica
127, 61-67.
Desikan, R., Griffiths, R., Hancock, J. and Neill, S.
(2002). A new role for an old enzyme: Nitrate
reductase-mediated nitric oxide generation is required
for abscisic acid-induced stomatal closure in
Arabidopsis thaliana. Proceedings of the National
Academy of Sciences 99, 16314-16318.
Diniz, S. P. S. S. and Oliveira, R. C. (2009). Effects of
fusaric acid on Zea mays L. seedlings. International
Journal of Experimental Botany 78, 155-160.
Doan, M. C. and Carris, L. M. (1998). Characterization of
Fusarium oxysporum populations associated with
asparagus fields in the pacific. (Abstract.)
Phytopathology 88, 22.
El-Hassan, K. I., El-Saman, M. G., Mosa, A. A. and
Mostafa, M. H. (2007). Variation among Fusarium
spp. the causal of potato tuber dry rot in their
pathogenicity and mycotoxins production. Molecular
Plant Pathology 35(2), 53-68.
Elena, K. and Kranias, L. (1996). Fusarium spp. as a
cause of crown and root rot of Asparagus in Greece.
Bulletin OEPP/EPPO 26, 407- 411.
Fantino, M. G. and Fantuz, F. (1990). The sanitary state
of asparagus nurseries in Emilia-Romagna in 19881989. Acta Horticulturae 271, 389-394.
Fattahi, B., Rahanandeh, H., Chavoshi, S.,
Zamanizadeh, H. R., Bayat, H. and Moshayedi, M.
(2014). Report primary of Fusarium proliferatum and

246

ISSN (print): 1823-8262, ISSN (online): 2231-7538

Mal. J. Microbiol. Vol 10(4) 2014, pp. 241-248

Fusarium solani agents of Dianthus caryophyllus
wilting in Markazi province in Iran. International
Journal of Biosciences 4(1), 143-148.
Food and Agriculture Organization of the United
Nations (FAO) (2010). Report of the expert
consultation on floriculture development in Asia.
th
Kunming, China, 7-9
January 2010. Available:
http://www.fao.org/docrep/015/ba0028e/ba0028e00
th
(accessed on 16 February 2014)
Garcia-Mata, C. and Lamattina, L. (2001). Nitric oxide
induces stomatal closure and enhances the adaptive
plant responses against drought stress. Plant
Physiology 126, 1196-1204.
Gonzalez, A. I., Polanco, C. and Ruiz, M. L. (2006). In
vitro culture response of common bean explants to
filtrate from Pseudomonas syringae pv. Phaseolicola
and correlation with disease resistance. In Vitro
Cellular and Development Biology-Plant 42, 160-164.
Goodman, R. N., Kiraly, Z. and Wood, K. R. (1986). The
Biochemistry and Physiology of Plant Disease.
University of Missouri Press, Columbia.
Hamir, N. A., Nor, L. M., Sulaiman, H. and Sandrang,
A. K. (2008). The prospect of exporting Malaysian
temperate cut flowers by sea shipment to Japan.
Economy and Technology Management Review 3, 7583.
Halleen, F., Schroers, H. J., Groenewald, J. Z., Rego,
C., Oliveira, H. and Crous, P. W. (2006).
Neonectrialiriodendri sp. nov., the main causal agent
of black foot disease of grapevines. Studies in
Mycology 55, 227-234.
Hartman, C. L., Secor, G. A., Venette, J. R. and
Albaugh, D. A. (1986). Response of bean calli to
filtrate from Pseudomonas syringe pv. Phaseolicola
and correlation with whole plant disease reaction.
Physiological and Molecular Plant Pathology 28, 353358.
Hirooka, Y., Kobayashi, T. and Natsuaki, K. T. (2005).
Neo Neonectriacastaneicola and rugulosa in Japan.
Mycologia 97, 1058-1066.
Hirooka, Y., Kobayashi, T., Natsuaki, K. and Aoki, T.
(2006). Neonectriaamamiensis and Cylindrocarpon
amamiense, a new nectria fungus and its sporodochia
anamorph
on
Pinusluchuensis
from
Japan.
Mycoscience 47, 248-256.
Jong, L. H., Saad, M. R. M. and Hamir, N. A. (1995). Cut
flower production in Malaysia. Food and Agriculture
Organization of the United Nations Corporate
Document
Repository.
Available:
http://www.fao.org/docrep/005/ac452e/ac452e06.htm.
th
(accessed on 10 February 2014)
Khan, I. A., Alam, S. S. and Jabbar, A. (2004).
Purification of phytotoxin from culture filtrates of
Fusarium oxysporum f. sp. ciceris and its biological
effects on chickpea. Pakistan Journal of Botany 36(4),
871- 880.
Khosravi, A. R., Kadir, M. A., Kadzemin, S. B., Zaman,
F. Q. and De Silva, A. E. (2009). RAPD analysis of
colchicine induced variation of the Dendrobium

Serdang beauty. African Journal of Biotechnology 8
(8), 1455-1465.
Kushiro, M., Saitoh, H., Sugiura, Y., Aoki, T.,
Kawamoto, S. and Sato, T. (2012). Experimental
infection of Fusarium proliferatum in Oryza sativa
plants. fumonisin B1 production and survival rate in
grains. International Journal of Food Microbiology
156(3), 204-208.
Kuehnle, A. R. (2007). Orchids, Dendrobium. In: Flower
Breeding and Genetics. Anderson, N. O. (ed.).
Springer, Berlin. pp. 539-560.
Kumar, S., Negi, S. P. and Kanwar, J. K. (2008). In vitro
selection and regeneration of chrysanthemum
(Dendranthema grandiflorum Tze lev) plants resistant
to culture filtrate of Septoriaobesa Syd. In Vitro
Cellular and Development Biology 44, 474-479.
Lucas, J. A. (1998). Plant Pathology and Plant
Pathogens. Blackwell, Science, Bristol.
Majernik, O. (1971). A physiological study of the effect of
SO2 pollution, phenyl mercury acetate sprays, and
parasitic infection on stomatal behaviour and ageing in
barley. Phytopathology 72, 255-268.
Martin, T. J., Stuckey, R. E., Safir, G. R. and Ellingboe,
A. H. (1975). Reduction of transpiration from wheat
caused by germinating conidia of Erysiphe graminis f.
sp. tritici. Physiology of Plant Pathology 7, 71-77.
Matsumoto, K., Barbosa, M. L., Souza, L. A. C. and
Teixeira, J. B. (2010). In vitro selection for resistance
to Fusarium wilt in banana In: FAO/IAEA. Mass
Screening Techniques for Selecting Crops Resistant to
disease. International Atomic Energy Agency, Vienna.
pp. 101-109.
Murashige, T. and Skoog, F. (1962). A revised medium
for rapid growth and bio assays with tobacco tissue
culture. Plant Physiology 15, 473-497.
Pierre, J. and De wit, G. M. (1977). A light and scanningelectron microscopic study of infection of tomato plants
by virulent and avirulent races of Cladosporium
fulvum. Netherland Journal Pathology 83, 109-122.
Pei, Z. M., Murata, Y., Benning, G., Thomine, S.,
Klusener, B., Allen, G. J., Grill, E. and Schroeder, J.
I. (2000). Calcium channels activated by hydrogen
peroxide mediate abscisic acid signalling in guard
cells. Nature 406, 731-734.
Poobathy, R., Sinniah, U. R., Mahmood, M. and
Subramaniam, S. (2013). Refinement of a vitrification
protocol for protocorm-like bodies of Dendrobium
sonia-28. Turkish Journal of Botany 37, 940-949.
Rossman, A. Y., Seifert, K. A., Samuels, G. J., Minnis,
A. M., Schroers, H. J., Lombard, L., Crous, P. W.,
Poldmaa, K., Cannon, P. F., Summerbell, R. C.,
Geiser, D. M., Zhuang, W. Y., Hirooka, Y., Herrera,
C., Salgado-Salazar, C. and Chaverri, P. (2013).
Genera in Bionectriaceae, Hypocreaceae, and
Nectriaceae (Hypocreales) proposed for acceptance or
rejection. IMA Fungus 4(1), 41-51.
Samuels, G. J. and Brayford, D. (1994). Species of
Nectria (sensulato) with red perithecia and striate
ascospores. Sydowia 46 (1), 75-161.

247

ISSN (print): 1823-8262, ISSN (online): 2231-7538

Mal. J. Microbiol. Vol 10(4) 2014, pp. 241-248

Saiprasad, G. V. S. and Polisetty, R. (2003).
Propagation
of
three
orchid
genera
using
encapsulated protocorm-like bodies. In Vitro Cellular
and Developmental Biology-Plant 39, 42-48.
Saxena, G., Verma, P. Ch., Rahman, L., Banerjee, S.,
Shukla, R. S. and Kumar, S. (2008). Selection of leaf
blight-resistant
Pelargonium
graveolens
plants
regenerated from callus resistant to a culture ﬁltrate of
Alternaria alternate. Crop Protection 27, 558-565.
Selvapandiyan, A., Mehta, A. R. and Bhatt, P. N.
(1988). Cellular breeding approach for development of
Fusarium wilt resistant tobacco. Proceedings Indian
National Science Academy 564, 391-394.
Starr, J. L., Jeger, M. J., Martyn, R. D., and Schilling K.
(1989). Effects of Meloidogyne incognita and Fusarium
oxysporum f. sp. vasinfectum on plant mortality and
yield of cotton. Ecology and Epidemiology 79, 640646.
Svabova, L. and Lebeda, A. (2005). In vitro selection for
improved plant resistance to toxin-producing
pathogens. Phytopathology 153, 52-64.
Tripathi, M. K., Tiwari, S. and Khare, U. K. (2008). In
vitro selection for resistance against Purple blotch
disease of Onion (Allium cepa L.) caused by Alternaria
porri. Biotechnology 7(1), 80-86.
Venkatachalam, P. and Jayabalan, N. (1995). In
European Journal of Plant Pathology. Kluwer
Academic Publishers. Abstracts-13th International
Plant Protection. Congress. Hague. The Netherlands
pp. 1018.
Wedge, D. E. and Elmer, W. H. (2008). Fusarium wilt of
orchids. Trade Journal Publication 2(3), 9-10.
Wedge, D. E., Curry, K. J., Kreiser, B., Curry, A., Abril,
M. and Smith, B. J. (2013). Fungicide resistance
profiles for 13 Botrytis cinerea isolated from strawberry
in Southeastern Louisiana. International Journal of
Fruit Science 13(4), 413-429.
Zeng, W., Melotto, M. and Yang He, S. (2010). Plant
stomata: A checkpoint of host immunity and pathogen
virulence. Current Opinion in Biotechnology 21(5),
599-603.

248

ISSN (print): 1823-8262, ISSN (online): 2231-7538

