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ABSTRACT

Kima Z {KZ) was the most effective fungicide on mycelial growth of the causal
organism of rice blast disease (Pyricufania oryzae) iollowed by Rubigan, while Copox
was the lowest effective one. Hinosan and Beam, were the most effective fungicides
on leaf and panicle blast infection, while Rubigan was ihe lowest effective one in the
two investigated growing seasons 2003 and 2004. The highest plant fresh weight,
plant dry weight, 1000-grain weight and yield were obtained with Hinosan and Bearn,
while the lowest plant dry weight, plant fresh weight, 1000-grain weight and yield were
found wilh Rubigan in the two tested growing seasons (2003 and 2004).

INTRODUCTION

Rice blast disease caused by Pyricularia oryzae Cavara (Magnaporthe
grisea (Hebert barr) is one of the major fungal diseases attacked rice crop in
the world (Cu and Jennings, 1969). Chemical control of rice blast was the
most effective tool in reducing yield loses caused by blast infection. Although,
chemical control has hazardous effects on animais and environmental
system, it considered the faster controlling factors {Ou, 1980). Many
chemicals have been used to control rice blast disease. Copper compounds
in the early days were followed by organomercurial compounds in the 1930
and 1960, then antibiotics and organophosphorus compounds, and most
recently, systemic fungicides were detected (Ou, 1980). Chemical control of
rice blast disease cou!d be achieved by two metheds, first one by seed
treatment with fungicides before sowing (Takenaka and Yaman, 1990 and
Varier et al., 1993} and the second method inciude spraying rice plants with
fungicides for controlling leaf blast (Sawada and Itoh, 1988 and Safulla et a/.,
1998) or panicle blast infection (Tsuda et ai., 1988 and Pento and Costa,
1999). Combination of seed treatments and foliar spraying fungicide were the
most effective (Hegde and Kalappanavar, 2000). Tricyclazoie fungicide
reduced leaf and neck blast by 37.5 and 65.3%, respectively, with increase
yield compared with control treatment, while carbendazime reduced neck
blast by 44.7% with 22.1% increase in yield over control treatment (Saifula et
al., 1998). Control of leaf blast was achieved by application of proquilen as
rice blast control agent for 40 days, while control of panicle blast was
achieved by application of the formulation at 13 t- 34 days before heading
(Tsuda et al., 1998). Nursery box applications of carpropamide at 50-100
g/pox firmly reduced rice secondary infection with P. oryzae in the
greenhouse, the application suppressed spores release from rice leaves in
rice fields as well as in the greenhouse (Sakuma, 199%). The lowest
incidence of neck blast was obtained by applying Trycyclazole alone or in
mixtures (Santos &t al., 2000).
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Benomyl and fentin acetate were the most effective inhibitory
fungicides in spore germination and appresorial formation at much lower
concentration than those required for preventing germination. Benomy! and
manganese omadin were quite effective in protecting the rice seedlings from
blast by their systemic action after seed treatments duration of activity been
24 and 25 days, respectively (Kapor and Singh, 1982). On the other hand,
seed treatment with pynquilon or tricyclazole (0.2%) is recommended in
areas, where blast and brown leaf spot are severe (Saifula and Seshadn,
1992 and Geetha and Sivaprakasam, 1893). it is possible to protect rice
plants from leaf blast by seed treatment with Beam, where leaf blast was
reduced at least by 50% and plant height increased by 27% compared with
the control (Rodriguez et al,, 1993).

Thus, this study aimed fo indicate the effect of some fungicides on
myceiial growth, spore germination and appressorial formation of P. oryzae
under laboratory conditions. Furthermore, the control effect of these
fungicides control under greenhouse and fieid conditions was investigated.

MATERIALS AND METHODS

1. Laboratory experiments:
1.1. Effect of different concentrations of eight fungicldes on linear

growth of P. oryzae:

The effect of different concentrations (0, 1, 12.5. 25, 50, 100, 125, 200,
250, 500 and 1000 ppm) of each tested fungicide was tested on the linear
growth of P. oryzae on PDA medium. The different concentrations of each
fungicide were suspended and added to PDA medium before solidifying. The
medium containing the fungicide was pcured in Peini dishes (5 cm in
diameter) at rate of three dishes for each concentration. The dishes were
inoculated in the center with equal discs (5 mm in diameter) of P. oryzae 7
days old culture and finear growth of P. oryzae was measured when mycelial
growth completely covered the medium surface in the control treatment by
taking two perpendicular readings in cm and averaged.

1.2. Effect of different concentrations of eight fungicides on spore
germination andfor apprissorial formation of P. oryzae:

The previously different concentrations of each fungicide were tested
on P. oryzae spore germination. The medium with sporulated fungus were cut
into dises (1.5 cm in diameter). One disc was added to & ml of each
concentration and then washed thoroughly. Three slides with cavity were
used for each concentration. A 0.2 m! of the spore suspension was added in
the cavity. Slides were kept and incubated for 12 hours (Okuno et al., 1989).
The slides were then examinad microscopically to calculate the percentage %
of spore germination. Spore was considered germination if its germ tube
length was equal to the width of the spore (Zitter and Hus, 1992). Also,
percentage of spores forming apprissoria was calcufated.
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2, Greenhouse experiments:

2.1, Effect of five fungicides as seed dressing on disease incidence.
Five fungicides ie., Beam, Risolex-T50, Vitavax-300, KZ 50 and

Topsin-M 70 were evaluated under greenhouse conditions as seed dressing

at different doses (Table 1).

Table 1. Fungicides used as seed dressing and their different doses.

Fungicide | Recommended Half dose Quarter dose

Beam 4 gmikg of seeds | 2.0 gm/kg of seeds | 1.0 gm/kg of seeds
Rizolex-T | 3 gm/kg of seeds | 1.5 gm/kg of seeds | 0.75 gm/kg of seeds
Vitavax 2 gmikg of seeds | 1.0 gm/kg of seed:‘ 0.50 grm/kg of seeds

KZ 3 gmikg of seeds | 1.5 gm/kg of seeds | 0.75 gm/kg of seeds
Topsin-M | 2 gm/kg of seeds | 1.0 gm/kg of seeds | 0.50 gmikg of seeds

Seeds of Giza 171 rice cultivar were mixed with different doses of each
of the five fungicides (Table 1), each separately in stoppered glass container
containing 40 ml of glue suspensicn as sticker material / kg of seeds. The
ireated seeds were left to dry. Trealed seeds were sown in plastic pots (20
cm in diameter} filled with field soil. Twenty rice seeds were sown in each pot.
Random complete block design with three replicates for each dose was used.
Plants at three weeks old (21 day) were inoculated with P. oryzae as
mentioned before. Control treatment were treated only with glue and
inoculated with P. oryzae. Pots were irrigated daily and disease was
assessed according to Korium (1877).

2.2, Effect of five fungicides as foliar spray on disease incidence, under
greenhouse conditions.

Five fungicides i.e., Beam, Hinsan, Rubigan, KZ and Copox were
examined for their effect on disease incidence, under greenhouse conditions
at recommended dose, double recommended dose and half-recommended
dose as foliar spraying. Giza 171 rice cultivar seeds were sown in plastic pots
as mentioned before. Pots were divided into two groups. First group was
sprayed with the fungicides at different doses, 3 days before inoculation with
P. oryzae. The second was sprayed with the fungicides, 3 days after
inoculation with the pathogen. Plants were inoculated with P. oryzae at 21
days old as mentioned before. Plants were sprayed with the fungicides until it
run-off. Random complete block design with three replicates for each dose
was carried out.

Control treatment in each group was sprayed with distillec water.
Disease assessment was carried out as mentioned bZiore.

3. Field experiments:

Five fungicides (Beam, Hinsan, Rubigan, KZ and Copox) were
examined for their effect on disease incidence, under field conditions at
recommended dose. Experimental unit was 1/400 of feddan. Giza 171 rice
cultivar was sown in nursery at 10" of May thirty five days old, seedling were
transplanted in rows in the experimental plots. Spacing was 20 x 20 cm
between rows and hills. Distances betwean plots were 50 cm.
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Piots were sprayed with recommended doses of five fungicides three
times. The first spraying was at the beginning of tilling stage, second spraying
was 10 days before booting stage and third was 5 days after heading.
Random complete block design was used with three replicates for each
particular treatment. Control was sprayed with distilled water. All agricultural
practices were followed as normal at Tag El-Ezz Agriculture Research Station
Farm. Experiment was carried ouwt undar natural infection. Disease
assessmzant was carried out according to Towsend and Huberger (1943) and
Zeigler et al. (1994),

RESULTS

1. Laboratory experiments:
1.1. Effect of different fungicides concentrations on the growth of P,
oryzae:

Data in Table 2 indicated that KZ was the mast effective fungicide on
the mycefial growth, which completely inhibited P. oryzae linear growth at
average concentration 0.82 ppm followed by Rubigan (1.39 ppm). On the
contrary, Copox was the less effective fungicide, where it inhibited P. oryzae
linear growth at average concentration 5.71 ppm.

Data also revealed that there was clear reduction in P. oryzae linear
growth with increasing of the concentrations of all tested fungicides. There
were clear differences betwesr most or the tested concentrations and the
control.

Moreover, there were clear signiticant differences between the tested
fungicides, their concentralions and their interaction on P. oryzae linear
growth.

1.2. Effect of different fungicide concentrations on percentage of spore
germination of P. oryzae:

Data in Table 3 revealed that the most effective fungicide in reduction
of P. oryzae spore germination was Rizolex-T (10.36} followed by Rubigan
{16.52%) and Vitavax {16.67%), followed by KZ (58.85). The other fungicides
were moderately effective on inhibition P. oryzae spore germination.

Furthermore, results indicated that P. oryzae spore germination was
completely inhibited at 12.5 ppm with Rizolex-T, 25 ppm with Vitavax and 50
ppm with Rubigan. On the contrary, there was no completely inhibition with
KZ and Rizolex until 1000 ppm. The other fungicides inhibited P. oryzae
spore germination at different concentration values. In addition, the value of
P. oryzae spore germination decreased with increase of fungicide
concentrations.

Moreaver, there were clear significant differences between the tested
fungicides, their concentrations and their interaction on P. oryzae spore
germination,
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1.3. Effect of different fungicide concentrations on percentage of
appressorial formation of P. oryzae spores:

Results in Table 4 reveal that the most effective fungicide reduced %
appressorial was Rizolex-T, followed by Hinosan. While, Copox was the least
effective one.

Data also indicate that Rizolex-T completely inhibited appressorial
formation at 1 ppm, the same irend was obtained with Rubigan at 12.5 ppm.
On the other hand, Copox inhibited apprissaorial formation at 500 ppm.

Furthermore, all fungicides decreased apprissorial formation at different
concentrations compared with the control. Apprissorial formation was
decreased with increasing concentrations.

Moreover, there were significant differences between fungicides and
concertrations. The same trend was obtained in fungicides and concentration
interaction.

2. Greenhouse experiment:
2.1. Effect of different fungicides doses as seed dressing on rice biast
disease incidence;

Data in Table 5 indicate that Beam was the most effective fungicide for
corirolling the pathogen of the blast disease followed by KZ and Topsin-M.
On the other hand, the lowest effective one was Rizolex-T 50.

Data also show that all tested fungicides reduced disease incidence
(whole plant lesions and disease severity) compared with the control.
Disease incidence was decreased with increasing fungicide doses.

Moreover, the lowest whole plant lesion (4.00} and disease severity
(8.00) were found with Beam at dose 4 gm/kg of seads foliowed by KZ at
dose 3 gm/kg of seeds. On the other hand, the highast whole plant lesion
{(14.44) and disease severity (68.00) were noticed with rhizclex-T at dose
0.75 gmikg of seeds.

Generally, there were significant differences between fungicides and
their doses especially between control treatment and the other doses.
Furthermore, the differences were significant between doses and fungicide
interaction.

2.2. Effect of spraying rice plants with different fungicides doses on rice
blast disease incidence:

Data presented in Table 6 reveal that spraying rice plants by different
fungicides for three days before incculation was the most effective methed
comparing with spraying after inoculation with pathogen. In addition, Beam
was the most effective fungicide in reducing disease incidence followed by
Hinsan in two spraying times. On the other hand, Copox was the lowest
effective tested fungicide on reducing disease incidence.

Furthermore, disease incidence decreased with increasing fungicide
doses. All tested fungicides reduced disease incidence when comparing with
control treatment.

There were significant differences between fungicides, concentrations,
spraying times and their interaction in whole plant lesions and disease
severity.
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Tabie 5. Effect of different fungicide doses as seed dressing on rice
blast disease incidence, under greenhouse conditions.

Fungicides Doses Whole plant Disease
(gmikg of lesions severity
seeds)
0 16.33 97.33
1 9.78 40.00
Beam 2 567 18.00
4 4.00 8.00
Average 8.95 40.83
o 16.33 97.33
0.5 11.11 44,00
Topsin-M 1 9,33 30.00
2 6.44 14.00
Average 10.80 46,33
0 16.33 97.33
0.75 11.11 40.00
KZ 1.5 8.00 24.00
3 4.67 8.33
Average 10.03 42.67
Qg 16.33 97.33
0.75 14.44 68.00
Rizoiex-T 1.5 10.78 53.33
3 9.00 21.00
Average 12.64 59.92
0 16.33 97.33
0.5 10.00 49.33
Vitavax-300 1 8.87 25.00
2 6.89 12.67
] Average 10.52 46.08
General average 10.59 4717
LSO at 5% far: Fungicides (F} 0.673 3.076
Doses (D) 0.602 2.751
FxD 1.345 6.151

3. Field experiments:
3.1. Effect of spraying rice plants with five fungicides with rice blast
disease incidence:

Data presented in Table 7 show that the most effective fungicide on
leaf infection was Hinosan followed by Beam. On the other hand, Rubigan
was the lowest effective one on leaf infection. In addition, all tested fungicides
reduced leaf infection comparing with the control.

Furthermore, in case of panicle infection, Beam was the most effective
fungicide followed by Hinosan. While, Rubigan was the lowest effective
fungicide on panicle infection. All tested fungicides reduced panicle infection
comparing with the control one.
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Table 8. Effect of spraying rice plants with different fungicide doses on
rice hlast disease incidence, under greenhouse conditions.

Whole Disease
Doses plant lesions severity
Fungicides | (gmf/kg of Three Three Three Three
seeds) days days days days
before after before after
infection | infection | infection | infection
0 17.00 17.44 81.00 95.00
0.5 422 8.28 10.00 32.00
Beam 1 0.78 6.89 2.67 15.00
2 0.00 3.56 0.00 5.00
Average 0.50 9.04 25.92 - 38.75
0 17.00 17.44 91.00 95.00
0.5 5.11 9.33 8.00 29.00
Hinosan 1 2.00 7.87 3.00 18.00
2 0.00 411 0.00 8.00
Average 6.03 9.69 25.50 37.50
0 17.00 17.44 91.00 95.00
0.5 10.44 11.22 2967 38.67
KZ 1 6.11 9.44 22.00 3067
2 1.98 6.78 6.67 21.67
Average 8.88 11.22 37.34 22.75
0 17.00 17.44 91.00 95.00
0.5 10.44 11.78 41.67 56.67
Rubigan 1 7.44 9.22 26.33 3767
2 2.78 7.67 6.67 25.00
Average 9.42 11.53 41.42 53.58
0 17.00 17.44 91.00 95.00
05 13.11 14 .67 5267 79.00
Copox 1 11.11 12.11 48.33 50.67
2 8.11 10.11 25.33 43.33
Average 12.33 13.58 42.11 67.00
General average 8.43 11.01 34.45 43.52
LSD at 5% for: Spraying time (5T) 0.429 1.801
Fungicides (F) 0.678 2.848
Doses {D) 0.506 2.548
5TxF 0.959 4.028
5TxD 0.857 3.603
FxD 1,356 5.697
STxFxD 1.917 8.058

Generally, in case of leaf infection and panicle infection severity, leaf
infection percentage and panicle infection severity, there was difference
between the two seasons the tested fungicides and control one. Alsq, there
was a significant difference between Beam and Hinosan rather than other
tested fungicides.
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In case of lesion number per leaf, panicle infection percentage and neck
infection percentage. there were significant differences between the two
seasons for both fungicides Beam and Hinosan. Also, there were significant
differences between all fested fungicides and control. In addition, significant
differences were found between seasons and fungicide interaction.

3.2. Effect of spraying rice plants with five fungicides on some growth
parameters and yield:

Data presented in Table 8 indicate that the iighest plant fresh weight
{18.25 gm) and dry weight (6.86 gm) were obtained with Beam followed by
Hinosan. While, the lowest plant fresh weight (16.69 gm) were observed with
Copox and dry weight (5.66 gm) were noticed with Rubigan.

Moreover, the highest 1000-grain weight (25.10 gm) and yield (1.006
kg/m?) were obtamed with Hinosan. While, 1000-grain weight (23.35 gm} and
yeld (0.787 kgim ) were found with Rubigan. In addition, the highest leaf
area (49.76 cm®) and plant height (125 09 cm) were obtamed with Beam,
while the lowest leaf area (48.35 ¢m®) and plant height (116.23 cm) were
recorded with KZ,

There were non-significant between the growing seasons. While, there
was significant differences between fungicides in case of yield, but the
differences were not significant concerning leaf area.

Furthermore, the difference between the two growing seasons and/or
fungicides were significant for 1000-grain weight. Also, there were significant
differences growing seasons and fungicides with plant fresh weight, dry
weight and plant length. There were significant differences between tested
fungicides and the control treatment for all tested plant parameters, except for
those of leaf area.

DISCUSSION

Eight fungicides were tested in laboratory for their effect on the linear
growth, spore germination and appresserial formation of P. oryzae. KZ,
Rubigan, Vitavax-300 and Hinosan were the most effective fungicides on the
mycelial growth, while Copox and Beam were the lowest etfactive. On the
other hand, Resolex-T, Vitavax-300, Rubigan and Hinosan were the most
effective fungicides on spore germination and appresocrial formation of P.
oryzae, while Copox and KZ were the lowest effective. Similar results were
obtained by El-Kazzaz ot al. {1990);, Mustag, Ahmed {1992) and Kurahashi
and Penzen {1998).

These results indicated that the tested fungicides differed in their
reaction against P. oryzase. Differences in reaction might be due to the
selective reaction between fungicide and fungus (Singh and Siradhama,
1990). Also, the effect of fungicides might be due to inhibition of melanin
biosynthesis, leakage of some electrolytes from spores or mycelia, affecting
the respiratory activity and destroy membranes functions (Okunou el a/,
1989a, b and Weloshuk et al., 1981). Five fungicides {(Beam, Hinosan, KZ,
Rubigan and Copox) were tested for their effects on rice blast disease
incidence, under greenhouse conditions, as aerial spraying three days before
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and/or after incculation with the pathogen at three doses of each fungicide.
Results indicated that lhe tested fungicides reduced disease incidence when
used three days before inoculation than three days after inoculation with P.
oryzae. Also, disease incidence decreased with increasing fungicide doses.
Such results revealed that Beam and Hinosan were the most effective
fungicides, while Copox and Rubigan were the lowest effective ones. These
results are in harmony with those obtained by Kurahashi and Hanssler
(1998). Sawada and Itoh (1998); Rongaming et af. {1998); Pinto and Costa
(1999) and Sakuma (1999).

The previously mentioned fungicides were also tested their
recommended doses, under field condition, for their effects on rice blast
disease incidence. The obtained results indicated that Beam and Hinosan
were the most effective fungicides, while Copex and Rubigan were the lowest
effective ones. These results were on line with those obtained by Saifulla ef
al. (1994); Dubey (1995); Nemct et af, (1995), Davi (1997); Miyasak et al.
(1998); Saifulla ef al. (1998) ; Srivastava {1999) and Santos ef ai. {2000). The
results presented here demonstrated that the action of such fungicides might
be due to its directly toxic effect to the fungus, reduce spore adhesion to lead
surface and influence the intiation of infection structures. The difference
between two spraying limes (three days after and/or before inoculation) might
be due to the increase in enzymes related to the resistance reaction,
Peroxidase, Polypheoloxidise, Phenylalanine amrnonialyase, tyrosine
ammonialyase and catechol-O-methyltransferase (lwata ef al, 1980°, or
antigungal substances might be produced in leaves Ireated with the fungicide
{Shiba and Nagata, 1981). Also, a fungicide might be improves the abllity of
rice plants defence system to respond to infection (Kurzhashi and Hanssler,
1998 and Talbot, 1993). Such results suggested considerable potential for
environmentally benign strategies for the control of rice biast disease based
on anti-adhesion compounds under field conditions.

The explanation of differences between fungicides used at the same
time might be due to the differences in the fungicide mode of action and their
selective harmful effect on the pathcgen metabolism or killing the pathogen
{Sharvelle, 1961). Five fungicides {Beam, KZ, Rizolex-T, Vitavax-300 and
Topsin-M70) were tested for their effect on rice blast disease incidence as
sead treatments, under greenhouse conditions. Each fungicide was testad at
three different doses. Results showed that the effect of the fungicides
increased with increasing the dose. It is also clear from data that Beam was
the most effective fungicide, while Rizolex-T was the lowest effective on
controiling rice blast disease under greenhouse conditions. Several
investigators, Kapor and Singh {(1982), Praphu (1985), Aurica {1987), Singh
and Bhatt (1987), Loehken (1990), Safulla and Seshadri (1992), Rodriguez et
al. (1993) and Sinha and Chowdhury (1993) obtained similar results.

The explanation of such results might be due to the differences in the
fungicide mode of action, their selective harmful effect on pathogen
metabolism or kill the pathogen (Okuno et al, 1989b). The effect of seed
treatments might be due to systemic action and duration activity of the
fungicides (Kapor and Singh, 1982 and Sinha and Chowchury, 1993).
Fungicides might be also absorbed by seeds and translocated during
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germination to roots and shoots (Bhatt et al, 1994). Thus, it could be
concluded that mechanism of such fungicides was shown to be protective at
these concentrations, the fungicide blocked P. oryzae induced appressorial
melanization and plant cell wall penetration and thus induces resistance in
rice plants resulting the best morphological characters and high vyield
prcduction.
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