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Abstract: Bakanae disease on rice has been recorded almost in all countries where paddy is grown
commercially, especially in Asian countries, including Malaysia and Indonesia. Bakanae disease was
widespread in Peninsular Malaysia and three provinces of Indonesia with the range of disease sever-
ity from scale 1 to 5 and disease incidence from 0.5 to 12.5% during 2004-2005 main growing seasons.
A total of five Fusarium species belonging to section Liseola and their allied i.e. Fusarium fujikuroi, F.
proliferatum, F. sacchari, F. subglutinans and F. verticillioides were isolated and identified on the basis of
their morphological characteristics. Literature data showed that the bakanae disease of rice all over
the world is caused by F. fujikuroi and probably some other Fusarium species from section Liseola or
allied. However, from pathogenicity tests that have been carried out by using variety MR 211 of rice it
was evident that F. fujikuroi was highly virulent and the only species involved in causing bakanae dis-
ease. Therefore, this species was the only one detected to be able to produce gibberellic acid — (GA,)
with R, value 0.40 and 0.62, developed in solvent systems isopropanol:ammonia:water (10 : 1: 1), v/v/
v and chloroform:ethyl acetate:formic acid (5 : 4 : 1), v/v/v, respectively This knowledge would be in-
valuable in developing our understanding on the interaction between F. fujikuroi and the host plants.
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INTRODUCTION

In nature, it is still not possible to discern between pathogenic and non-pathogen-
ic Fusarium isolates, because some of the species although are not pathogenic but they
are obviously associated with unhealthy plants and appear as saprophytes or endo-
phytes (Nelson et al. 1983). This phenomenon also deals with an etiology of bakanae
disease that is still under discussion. Most of the studies implicated that F. fujikuroi or
other species in the section Liseola and their allied species are also involved in caus-
ing the disease. Initially, the pathogen responsible for the bakanae disease of rice was
identified as F. moniliforme Sheldon (Snyder and Hansen 1945; Booth 1971; Nirenberg
1976) and later re-identified as F. fujikuroi Nirenberg (Nirenberg 1976), the anamorph
of Gibberella fujikuroi Sawada. Some earlier phytopathologists, who only used mor-
phological characters to distinguish the species, believed that F. moniliforme was the
only species involved (Snyder and Hansen 1945; Nirenberg 1976; Nelson ef al. 1983).
Recent findings revealed conflicting results and suggested that other species of Fu-
sarium in the section Liseola may be involved in infection of bakanae disease (Amoah
et al. 1995, 1996; Desjardins et al. 1997, 2000).

Since the identity of bakanae pathogen seems to be still unclear, a pathogenicity
test was conducted to verify whether Fusarium spp. from the section Liseola iso-
lated from naturally infected rice plants in Malaysia and Indonesia could fulfill the
Koch’s postulate. The objectives of presented study were to survey the distribution of
bakanae disease and to identify the causal agent of the disease basing on morphologi-
cal and physiological characteristics and a pathogenicity test.

MATERIALS AND METHODS

Disease Incidence and Severity in the Field

A series of field samplings was conducted during 2004-2005 main growing sea-
sons at 19 rice granary areas in six states throughout the Malaysian peninsula (Kedah,
Perak, Selangor, Pahang, Terengganu and Kelantan) and three provinces in Indonesia
(East Java, Samarinda and Padang). Disease symptoms and growth stages of rice at
all sampling areas were observed at germination, seedling growth, tillering, boot-
ing, heading/anthesis, milky, dough, yellow-ripe and mature stages (MacLean ef al.
2002). The disease incidence (%) was calculated as follows (Teng and James 2001),
with slight modifications:

Total number of infected plants

Disease incidence (%) = x100

Total number of plants in 10 m* plots

Area of plants infected (m?)

Disease severity (%) = x100

Total area (m?)

At least five plots (10 m?) were investigated in every sampling area. The disease
incidence was later converted to disease severity scale (0-9) following IRRI Standards
Evaluation System for rice, where 0 = no disease observed; 1 =less than 1%; 5 =1-25%
and 9 =26-100% (Anon 1996).
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Identification and Morphological Characteristics

Samples of rice plants with bakanae symptoms were collected and isolated on
pentachloronitrobenzene agar (PPA). Thirty-four single-spore isolates grown on
PDA (potato dextrose agar) and CLA (carnation leaf agar) plates were used for iden-
tification based on morphological characteristics. PDA was used to measure growth
rate and pigmentation of culture, while CLA was used to determine shape and size of
macroconidia and microconidia, conidiogenous cells and chlamydospore formation.
Morphological characteristics on CLA were determined after 7-10 days of incubation
under standard growth condition. The identification of Fusarium spp. was done bas-
ing on the taxonomic guidelines by Nirenberg and O’'Donnell (1998) and Leslie and
Summerell (2006).

Gibberellic Acid (GA)) Detection

The isolates were cultured in 50 ml of sterile Richard’s Solution in triplicate and in-
cubated under static condition for 10 days (Johnston and Booth 1983). To the control
flasks were supplemented with distilled water treated in the same manner. After ten
days of incubation the medium was filtered through the filter paper with 0.7 um of
the pore size (Whatman no. 1) and pH of the filtrate was adjusted to 2.5 by using 1N
HCI and extracted following Hasan (2002) with slight modification. The suspended
residue was spotted on a silica gel TLC plate alongside with gibberellic acid standard
(GA,; Sigma) and positioned in vertical direction by using two specific solvent sys-
tems i.e. isopropanol:ammonia:water (10 : 1 : 1), v/v/v and chloroform:ethyl acetate:
formic acid (5: 4 : 1), v/v/v (Chang and Jacobs 1973; Hasan 2002). Visualization pro-
cess was completed according to Hasan (2002) and the R, values of GA, was calcu-
lated (Fessenden et al. 2001).

Development of Symptoms and Disease Severity Index (DSI)

Arice variety MR 211 was provided by the Malaysian Agricultural Research and
Development Institute (MARDI), Pulau Pinang, Malaysia. Selected isolates repre-
senting F. fujikuroi, F. proliferatum, F. verticillioides, F. sacchari and F. subglutinans were
cultured on PDA plates for 7 days under the standard growth conditions. Afterwards
the plates were flooded with sterile water and obtained conidial suspensions were
pooled and adjusted to 1 x 10° conidia/ml. Rice seeds were treated with benomy!-thi-
ram and soaked in 50 ml spore suspension of each strain for 12 h. Control (non-inocu-
lated) seeds were soaked in the same amount of sterile water.

Inoculated and control seeds were sown on sterilized rice field soils (autoclaved
at 121°C, 15 psi, 2 times 24 h intermittently) in plastic trays (33 x 23 x 10cm). Fifteen
seeds were planted in each tray with triplicate and arranged in a complete randomized
design (CRD) in the greenhouse at the School of Biological Sciences, University Sains
Malaysia with day and night temperatures of 30.3-35.1°C and 23.3-30.6°C, respective-
ly. Seedlings were fertilized every two weeks with 3g/tray of N:P:K =21 : 21 : 21 and
irrigated daily with tap water.

External disease symptoms were continuously observed and the seedlings were
scored according to the disease scale from 0 to 4 (Table 1). The disease severity index
(DSI) was calculated for each treatment following Ooi (2002) with slight modifica-
tions of rice within 5, 10, 20, 30 and 40 days after inoculation. Disease Severity Index,
DSI was calculated using on the following formula:
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DSI = D" (number of plants in the specific scale x disease scale)

Total of plants
3 Z(n X 0)+(nx1)+(n x2)+(n x 3)+(n x 4)

Total of plants

After scoring, the plants tissues were used for the fungal re-isolation and re-iden-
tification for accomplishment of the Koch’s postulate. The data of DSI were analysed
by non-parametric technique (Friedman test) using SPSS programme version 11.0.

Table 1. Symptoms of rice plants were scored basing on disease scale 0—4

Disease scale Disease symptoms
0 healthy and uninfected plants (no external symptoms)
1 normal growth but leaves beginning to show yellowish—green

abnormal growth, elongated, thin and yellowish-green leaves; seedlings also

2 shorter or taller than normal
3 abnormal growth, elongated; chlorotic, thin and brownish leaves; seedlings also
shorter or taller than normal
4 seedlings with fungal mass on the surface of infected plants or died
RESULTS

Disease Incidence and Severity in the Field

All infected rice plants in the sampling areas showed typical bakanae symptoms
expressed by abnormal and excessive growth comparing to healthy plants. There was
an indication; however, that some varieties were resistant to bakanae. The leaves of
infected plants were pale, thin, yellowish and slowly turned brownish and finally
dried. Infected plants also produced stiff or wiry adventitious roots at lower nodes.
In a more favourable environment, the fungus produced white or pink mycelium
and abundant conidia in sporodochia on dried-up stems. Bakanae disease of rice was
widespread (94.7% of the sampling areas) during 2004-2005 main growing seasons
throughout the sampling areas, except for Yan, Kedah (Table 2). The highest disease
severity of scale 5, was recorded in Rompin (Pahang), Sekinchan and Sungai Leman
(Selangor), East Java and Padang (Indonesia). Disease incidence in Rompin (Pahang),
Sungai Leman and Sekinchan (Selangor), East Java and Padang (Indonesia) was 12.5%,
5.3%, 2.5%, 5.0% and 12.0%, respectively. The granary area in Yan, Kedah showed 0%
disease incidence and Samarinda, Kalimantan disease incidence was 0.1%.

Morphological Characteristics and Gibberellic Acid (GA,) Production

Obtained isolates were identified as F. fujikuroi, F. proliferatum, F. verticillioides,
F. sacchari and F. subglutinans based on their morphological characteristics on PDA
and CLA (Table 3). Only F. fujikuroi isolates were able to produce GA, (Table 4). This
feature could be consider as the main physiological character to distinguish F. fu-
jikuroi from the other four species of Fusarium isolated from bakanae-infected rice
in Malaysia and Indonesia. This is the only species of Fusarium that produced this
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plant growth hormone causing abnormal elongation when presence in higher levels
in infected plants. The range of R, values were 0.322-0.509 (mean = 0.40) and 0.53-0.68
(mean = 0.62) for solvent systems isopropanol:ammonia:water (10 : 1: 1), v/v/v and
chloroform:ethyl acetate:formic acid (5 : 4 : 1), v/v/v, respectively.

Table 2. Disease severity (scale 0-9) of bakanae disease at 19 sampling areas in six states throughout
the Malaysian peninsula and three provinces in Indonesia

. Disease Disease
Locality of granary areas Growth stage of rice severity | incidence
plants [scale 0-9]° [%]
Langgar, Kedah milky and mature 1 0.5
Pendang, Kedah milky and mature 1 0.9
Tikam Batu, Kedah milky and mature 1 0.5
Yan, Kedah tillering 0 0
Seberang Perak, Perak milky and mature 1 0.9
Sungai Manik, Teluk Intan, Perak milky and mature 1 0.5
Sekinchan, Selangor booting and milky 5 2.5
Sawah Sempadan, Selangor mature 1 0.7
Malaysia
Sungai Nibong, Selangor booting 1 0.5
Sungai Besar, Selangor booting 1 0.5
Sungai Leman, Selangor milky 5 5.3
Rompin, Pahang milky 5 12,5
Jabi, Terengganu booting 1 0.8
Pasir Puteh, Kelantan booting 1 0.8
Ladang Ana 2, Tumpat, Kelantan booting 1 0.9
Paklekbang, Tumpat, Kelantan booting 1 0.5
East Java, Indonesia booting 5 5.0
Indonesia | Padang, Sumatra, Indonesia booting 5 12.0
Samarinda, Kalimantan, Indonesia booting 1 0.1

20 =no disease severity; 1 = less than 1%; 5 =1-25% and 9 = 26-100%

Development of Symptoms and Disease Severity Index (DSI)

Seedlings inoculated with conidial suspensions of isolates of F. fujikuroi from
Malaysia and Indonesia showed typical symptoms of bakanae, thus, the result indi-
cated that F. fujikuroi is the casual agent of the disease. However, only 93.7% of the
isolates of F. fujikuroi were pathogenic (Table 4). Control plants and plants inocu-
lated with other Fusarium species remained healthy. The symptom developments on
inoculated seedlings in the greenhouse were similar to those observed in the field.
The first symptoms on rice seedlings inoculated with F. fujikuroi were observed af-
ter 5 days. Infected seedlings were several centimeters taller comparing to healthy
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Table 4. Production of GA,and pathogenic isolates of Fusarium species

Fusarium spp. Number of strains °GA, Pathogenic strains [%]
F. fujikuroi 16 b+ 93.7

FE. proliferatum 6 - 0

F. verticillioides 5 - 0
F. sacchari 5 - 0

F. subglutinans 2 - 0

2 + produced/presented in the cultures; — absent in the cultures; * out of 16 strains, only a single strain
(B3141P) didn’t produced GA,

(control) plants (Fig. 1a, 1b). At first, infected leaves became thinner and yellowish.
Then they quickly turned brownish, dried and died before maturing. Several infected
tillers produced wiry (stiff) adventitious roots at the first or second nodes. At more
advanced stages of infection, the pathogen produced white mycelium and sometimes
pinkish sporodochia on the stem just above water level (Fig. 1c). Microscopic exami-
nation, revealed the fungal mass consisted of a large number of conidia. However,
some infected plants showed normal growth until maturity, they but produced emp-
ty and discoloured grains.

l— elongated
\ seedling

! s
i’i

s—=mycelium

<)

Fig. 1. Typical bakanae symptoms: (a) an elongated seedling, 20 days after inoculation; (b) healthy
(control) seedlings (A) shorter than infected seedlings (B), 70 days after inoculation; (c) Pin-
kish fungal mass (mycelium) above water level on dried-up seedlings

The DSI for all pathogenic isolates of F. fujikuroi were dramatically increased after
10 to 30 days as illustrated in table 5. The highest DSI of 3.4 was recorded for seed-
lings inoculated with isolates T3068P after 70 days and this was followed by isolates
A3067P, B3102P, B3105P, B3122P, B3127F, B3133P and B3143P with DSI ranges between
2.9 to 3.1. The value of DSI for seedlings inoculated with other isolates of F. fujikuroi
was less than 2.8. In contrast, a single isolate (B3141P) that has been identified on the
basis of morphological characteristics as F. fujikuroi was also non-pathogenic with DSI
of 0.1 and was not significantly (p < 0.05) different from the DSI of control seedlings.
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Table 5. Disease Severity Index (DSI) of inoculated and control rice seedlings at different days after
inoculation (sowing) with isolates of Fusarium spp.

Strains “'Disease Severity Index (DSI) at different days
Species b Locality
number 5 10 20 30 40 50 60 70
‘R621P Perlis, MY 0.5¢ 0.9¢ 1.3b 1.3b 1.3b 1.3b 1.3b 1.3b
“P655P Penang, MY 07cd | 09c | 1.2b | 1.7b | 2.1c | 2.1c | 22¢c | 2.2¢
T3067P Terengganu, MY 1.3e | 14d | 2.1d | 28cd | 3.0d | 3.0d | 3.0d | 3.0d
T3068P Terengganu, MY | 09d | 1.3d | 2.2d | 3.1d | 3.3e | 3.3e | 3.4e | 3.4e
B3102P Selangor, MY 1.2e | 1.3d | 2.0d | 29cd | 29d | 3.0d | 3.0d | 3.1d
B3105P Selangor, MY Oa 0.6b | 1.5bc | 2.0bc | 2.5cd | 2.8d | 3.0d | 3.0d
B3120P Selangor, MY 0.7cd | 0.8bc | 1.3b | 2.0bc | 2.4cd | 29d | 2.9d | 2.9d
B3122P Selangor, MY 0.5c | 0.8bc | 1.3b | 2.1bc | 29d | 29d | 2.9d | 2.9d
B3127P Selangor, MY 0.4c | 0.8bc | 1.6c | 2.3bc| 29d | 3.0d | 3.0d | 3.0d
F. fujikuroi
B3133P Selangor, MY 0.5c | 0.8bc | 1.8¢c | 29cd | 3.0d | 3.0d | 3.0d | 3.0d
B3141P Selangor, MY Oa Oa Oa 0.1a 0.1a 0.1a 0.1a 0.1a
B3143P Selangor, MY 04c | 0.6b | 1.2b | 2.1bc | 3.0d | 3.1d | 3.1de | 3.1de
13208P Sumatra, 05c | 09c | 27 |2.7cd | 2.8d | 2.8d | 2.8d | 2.8d
Indonesia
13214P Sumatra, 0.6c | 13d | 29 [29cd | 29d | 2.9d | 2.9d | 2.9d
Indonesia
+13422P Samarinda, 0a | 01a | 13b | 2dbc | 2dc | 2dc | 2.2¢ | 2.2¢
Indonesia
M3237P Melaka, MY 0.6 0.8bc | 1.1b 1.6b 2.1c 2.1c 2.1c 2.1c
*K664P Kedah, MY 0Oa 0Oa 0Oa 0Oa 0Oa Oa Oa Oa
A3054P Perak, MY 0Oa 0Oa Oa 0Oa 0Oa Oa Oa Oa
D3074P Kelantan, MY 0.lab | 0.2a | 0.2a | 0.2a | 0.2a | 0.2a | 0.2a | 0.2a
F. proliferatum
D3075P Kelantan, MY 0.2ab | 0.2a | 0.3a | 0.3a | 0.3a | 0.3a | 0.3a | 0.3a
C3089P Pahang, MY Oa Oa Oa Oa Oa Oa Oa Oa
B3095P Selangor, MY Oa Oa Oa Oa Oa Oa Oa Oa
A3056P Perak, MY Oa Oa Oa Oa Oa Oa Oa Oa
A3057P Perak, MY Oa Oa Oa Oa Oa Oa Oa Oa
P A3058P Perak, MY Oa Oa 0.2a 0.2a 0.2a 0.2a 0.2a 0.2a
F. verticillioides
D3070P Kelantan, MY 0.1ab | 0.1a 0.2a 0.2a 0.2a 0.2a 0.2a 0.2a
13410P East Java, 0a | 0a | 0Oa | 0a | 0a | 0a | 0a | Oa
Indonesia
C3080P Pahang, MY Oa Oa Oa Oa Oa Oa Oa Oa
C3081P Pahang, MY Oa Oa Oa Oa Oa Oa Oa Oa
. C3084P Pahang, MY Oa Oa Oa Oa Oa Oa Oa Oa
F. sacchari
13420P Samarinda, 0a | 0a | Oa | Oa | Oa | Oa | Oa | Oa
Indonesia
K3222pP Kedah, MY Oa Oa Oa Oa Oa Oa Oa Oa
D3077P Kelantan, MY Oa Oa Oa Oa Oa Oa Oa Oa
F. subglutinans
B3124P Selangor, MY Oa 0Oa Oa 0Oa Oa Oa Oa Oa
Control (sterile distilled water) 0Oa 0Oa 0Oa 0Oa 0Oa 0Oa Oa Oa

“Isolates were obtained from series of survey conducted during 1987-1988; *Isolates were isolated
from upland rice; **DSI in each column with different letters are significantly different at p <0.05
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Some isolates of F. proliferatum (D3074P and D3075P) and E. verticillioides (A3058P
and D3070P) caused stunting symptom (disease scale 2). The DSI values ranged from
0.2 to 0.3 after 70 days. However, the strains were considered as non-pathogenic
based on the DSI values which were not significantly (p < 0.05) different from those
of the control seedlings. The DSI of treated seedlings significantly (p < 0.05) increased
from 5 to 40 days but not later.

DISCUSSION

Bakanae disease of rice was widespread in all sampling areas throughout Malay-
sia and three provinces in Indonesia in 20042005 growing seasons, except for Yan,
Kedah. In some sampling areas such as Pahang and Selangor the disease was very
severe, and was the highest disease severity (scale 5). On the basis of morphological,
physiological and pathogenicity tests, we identified the causal agent of bakanae dis-
ease of rice as F. fujikuroi. The abnormal elongation of seedlings was probably caused
by large quantities of GA, produced by the pathogens (Sun and Snyder 1981). F. fu-
jikuroi usually produced large quantities of gibberellic acid (GA,) in cultures and in-
duced bakanae symptoms in experiments with artificial inoculation. GA, is a simple
growth hormone promoting the elongation of plant cells (Johnson and Coolbaugh
1990). The role of GA, in pathogenicity was attributed to the fact that it caused abnor-
mal elongation when concentration of GA, was higher than normal.

Although the culture filtrates of the fungus were shown to be able to induce
bakanae symptoms in rice seedlings, this phenomenon was not common among
isolates of bakanae pathogens (Ou 1985), indicating variations in GA, production.
Sunder and Satyavir (1998) reported that the isolates of F. moniliforme varied greatly
in producing GA, in liquid culture. Not all isolates of F. fujikuroi caused typical elon-
gation of bakanae symptoms. Some infected seedlings were stunted with yellowish
leaves after 5 to 10 days, for example, those inoculated with I3208P and 13214P and
later showed abnormal elongation symptom. In certain cases some infected plants
appeared normal until maturity but later produced empty and discoloured grains.
The same observations were also reported by Sun and Snyder (1981), Ou (1985) and
Schnitzler (1989).

Agarwal et al. (1989) reported that diseased plants at advanced stages of infection
showed collar infection followed by death within 14 to 42 days. However, in this ex-
periment, most of the infected seedlings died after 5 to 40 days, while other plants
survived until maturity but produced sterile, empty, and discoloured seeds. The first
72 h (3 days) during germination of the seeds appeared to be the most critical period
for the infection, mainly because of exudation of amino acids and sugars, acting as rich
energy substrates for the actively growing pathogen (Rajagopalan and Bhuvaneswari
1975). Therefore, the infected plants were taller than controls after 5 to 40 days. In ad-
dition, heavily infected plants died within 10 to 40 days and statistical analysis showed
that the DSI was significantly (p < 0.05) different between days and isolates.

Period of soaking the seeds in inoculum (conidial suspension) also assists the ger-
minating pathogen to penetrate into the seeds. Twelve hours exposure of seeds to
1.0 x 10° conidia/ml inoculum was selected following Rosmayati (1988) with slight
modifications. Ahmed et al. (1986) soaked the seeds for 24 h, but in less concentrated
suspension. Concentrations of the inoculums could also affect the disease severity.
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Normally, the disease severity becomes higher when higher concentrations of inocu-
lum are applied (Ahmed et al. 1986). Disease suppression was found to be less or
more dependent on the virulence of each isolate; different isolates showed differ-
ent levels of virulence. Ahmed ef al. (1986) also reported that shoot elongation was
significantly higher at 3.1 x 10* conidia/ml or more for 48 h soaking and maximum
elongation of seedlings was attained when the seedlings were inoculated with 1.25
x 10° conidia/ml. Abnormal elongation was not observed if the inoculum levels were
lower than those concentrations.

REFERENCES

Agarwal P.C., Mortensen C.N., Mathur S.B. 1989. Seed-borne diseases and seed health testing of rice.
Phytopathology 3: 31-35.

Ahmed H.U., Mia M.A.T., Miah S.A. 1986. Standardized test tube inoculation for bakanae disease
(Bak). Intern. Rice Res. Notes 11: 21-22.

Amoah B.K., MacDonald M.V., Rezanoor H.N., Nicholson P. 1996. The use of random amplified poly-
morphic DNA technique to identify mating groups in the Fusarium Section Liseola. Plant Pathol.
45:115-125.

Amoah B.K., Rezanoor H.N., Nicholson P., MacDonald M.V. 1995. Variation in the Fusarium Section
Liseola: pathogenicity and genetic studies of isolates of Fusarium moniliforme Sheldon from dif-
ferent hosts in Ghana. Plant Pathol. 44: 563-572.

Anon 1996. Standard Evaluation System for Rice. International Rice Research Institute, Laguna, Phil-
ippines, 52 pp.

Booth C. 1971. The genus Fusarium. Commonwealth Mycological Institute, Kew, Surrey, 221 pp.

Chang Y.P,, Jacobs W.P. 1973. The regulation of abscission and IAA by senescence factor and abscisic
acid. Am. J. Bot. 60: 10-16.

Desjardins A.E., Manandhar H.K., Plattner R.D., Manandhar G.G., Poling S.M., Maragos C.M. 2000.
Fusarium species from Nepalese rice and production of mycotoxins and gibberellic acid by se-
lected species. Appl. Environ. Microbiol. 66: 1020-1025.

Desjardins E.A., Plattner R.D., Nelson P.E. 1997. Production of fumonisin B sub 1 and moniliformin
by Gibberella fujikuroi from rice from various geographic areas. Appl. Environ. Microbiol. 63:
1838-1842.

Fessenden R.J., Fessenden ].S., Feist P. 2001. Organic Laboratory Techniques. Brooks/Cole Thomson
Leaning, Inc. Canada: 133-138.

Hasan H.A.H. 2002. Gibberellin and auxin production by plant root-fungi and their biosynthesis
under salinity-calcium interaction. Rostalinnia Vyroba 48: 101-106.

Johnson S.W., Coolbaugh R.C. 1990. Light-stimulated gibberellin biosysnthesis in Gibberella fujikuroi.
Plant Physiol. 94: 1696-1701.

Johnston A., Booth C. 1983. Plant Pathologist’s Pocketbook. Kew, Surrey, UK: Commonwealth Myco-
logical Institute, 448 pp.

Leslie ].F., Summerell B.A. 2006. The Fusarium Laboratory Manual. Blackwell Publishing Ltd, UK.

MacLean J.L., Dawe D.C., Hardy B., Hettel G.P. 2002. Rice Almanac: Source Book for the Most Impor-
tant Economic Activity on Earth. CBI Publishing Company Inc, Boston, Massachussetts, 253 pp.

Nelson P.E., Toussoun T.A., Marasas W.F.O. 1983. Fusarium Species: An Ilustrated Manual for Identi-
fication. The Pennsylvania State University Press, University Park, 193 pp.

Nirenberg H.I. 1976. Untersuchungen uber die morphologische and biologische differenzierung in Fu-
sarium — Sektion Liseola. Mitt. Biol. Bundesansi. Land-Forstwirtsch. Berlin — Dahlem 169: 1-117.



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

Bakanae disease of rice in Malaysia and Indonesia. .. 485

Nirenberg H.I, O'Donnell K. 1998. New Fusarium species and combinations within the Gibberella
fujikuroi species complex. Mycologia 90: 434-458.

Ooi K.H. 2002. Pencirian dan pengawalan kimia Fusarium oxysporum, penyebab penyakit layu vascu-
lar pada rosel. Ph.D. thesis. University Sains Malaysia, Malaysia, 355 pp.

Ou S.H. 1985. Rice Diseases. Commonwealth Mycological Institute, Kew, Surrey, 380 pp.

Rajagopalan K., Bhuvaneswari K. 1975. Effect of germination of seed and host exuadations during ger-
mination on foot-rot disease of rice. University Botany Laboratory, Madras-5, India: 221-226.

Rosmayati T. 1988. Kajian penyakit bakanae pada padi yang disebabkan oleh Fusarium moniliforme Shel-
don dan kawalannya, di utara Malaysia. M.Sc. thesis. Universiti Sains Malaysia, Malaysia, 250 pp.

Schnitzler W.H. 1989. Rice: Diseases, pests, weeds and nutritional disorders. BASF Aktiengesellschaft:
24-45.

Snyder W.C., Hansen H.N. 1945. The species concept in Fusarium with reference to Discolor and other
sections. Am. J. Bot. 32: 657-666.

Sun S.K.,, Snyder W.C. 1981. The bakanae disease of the rice plant. p. 104-113. In: Fusarium: Disease,
Biology and Taxonomy (P.E. Nelson, T.A. Toussoun, R.J. Cook, eds.). The Pennsylvania State
University Press, University Park.

Sunder S., Satyavir S. 1998. Vegetative compatibility, biosynthesis of GA, and virulence of Fusarium
moniliforme isolates from bakanae disease of rice. Plant Pathol. 47: 767-772.

Teng P.S., James W.C. 2001. Disease and yield loss assessment. p. 25-38. In: ‘Plant Pathologist’s Pock-
etbook’ (J.M. Waller, ]. M. Lenné, S.]. Waller, eds.). CABI Publishing Company Inc. Boston, Mas-
sachussetts.

POLISH SUMMARY

CHOROBA BAKANAE RYZU W MALEZJI | INDONEZJI: ETIOLOGIA
SPRAWCY NA PODSTAWIE CECH MORFOLOGICZNYCH,
FIZJOLOGICZNYCH | PATOGENICZNYCH

Choroba bakanae wystepuje niemal we wszystkich rejonach uprawy ryzu,
a zwlaszcza w krajach azjatyckich, takich jak Malezja czy Indonezja. W czasie gtow-
nych sezonéw wegetacyjnych 2004-2005 choroba rozprzestrzenita sie na pétwyspie
Malezyjskim oraz w trzech prowincjach Indonezji, a jej wystepowanie utrzymywato
si¢ na poziomie 0,5-12,5%. Nasilenie okreslono w skali 1-5. Ze zgromadzonego mate-
riatu roslinnego na podstawie cech morfologicznych patogenéw wyodrebniono ogo-
fem pie¢ gatunkéw Fusarium nalezacych do sekeji Liseola: E. fujikuroi, F. proliferatum, F.
saccari, F. subglutinans, F. verticillioides. Z badan prowadzonych na $wiecie wynika, ze
choroba jest wywolywana przez F. fujikuroi oraz prawdopodobnie inne gatunki Fusa-
rium z sekgji Liseola. Wyniki prezentowanych badan nad patogenicznoscia wyodreb-
nionych izolatéw patogenu na odmianie ryzu MR 211 wykazaty, ze gatunek F. fujikuroi
charakteryzowat sie silng wirulencja i byt jedynym gtéwnym sprawca choroby baka-
nae ryzu. Sposrdd wszystkich zidentyfikowanych gatunkéw E. fujikuroi jako jedyny
wytwarzat kwas giberelinowy — (GA,) z parametrem R, wynoszacym 0,40 i 0,62 w wa-
runkach do$wiadczen laboratoryjnych przy zastosowaniu roztworéw — izopropanol:
amonika: woda (10 : 1 : 1), v/v/v oraz chloroform: octan etylu: kwasmrowkowy (5: 4 :
1), v/v/v. Prezentowane wyniki badan stanowiq cenne wzbogacenie wiedzy w zakre-
sie interakcji pomiedzy patogenem F. fujikuroi a rosling gospodarzem.





