
(Effect of some Essential Oils for Controlling Bakanae Disease of 

Rice at Seedling Stage and after Transplanting) 

 : . .

 : 

 3060-0361  2549 

 2549 
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 16 species Alternaria sp., Aspergillus 

gluacus, A. niger, Bipoaris oryzae, Cladosporium sp., Curvularia sp., Fusarium chlamydospora,

F. moniliforme, F. semitectum, Fusarium sp., Myrothecium sp., Nigrospora sp., Penicillium sp., 

Phoma sp., Rhisopus sp. Trichoconis padwickii

F. moniliforme 

 12 

F. moniliforme 

 100 %  400 ppm  500 ppm  1,400 

ppm

  4  Benlate Captan Dithane 

M-45  Thysan   3 

Benlate ( ) Dithane M-45 ( )  Thysan  1 

Pretomium  19%  

 Unigreen  Trisan  Larminar 

 4 

 4 



            

            

             1 

            2 

          11 

           16 

         39 

           41 

           45 



                 

1     18 

(Blotter Method)              

2    24 

Fusarium moniliforme

   3 Fusarium moniliforme  PDA    26 

 10  10  14 

  4 Fusarium moniliforme  PDA    27 

 3  5  10 

  5    30 

Fusarium moniliforme

 2 

 6     32 

 105 

 Fusarium moniliforme

 3 

  7 Fusarium moniliforme   33 

 PDA  4  3  14 

  8    36 

Fusarium moniliforme

 3 

  9    37 

Fusarium moniliforme

 3 



                      

1        5 

2 Fusarium moniliforme   22 

3  conidia Fusarium moniliforme   22 

 400 

4 Fusarium   23 

moniliforme

5 Fusarium  24 

 moniliforme

6 Fusarium moniliforme  10  PDA   28 

 5  10 

7 Fusarium moniliforme  10  PDA   29 

 3  5 

8  Fusarium moniliforme  30 

 2 

9 Fusarium moniliforme  10  PDA   34 

  3  3 

10  Fusarium moniliforme  36 

 2 

11  Fusarium moniliforme  38 

 4 
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(Blast : 

Pyricularia oryzae) (Dirty panicle : Curvularia lunata, Cercospora oryzae, 

Trichoconis padwickii, Fusarium semitectum) (Bacterial leaf blight : 

Xanthomonas campestris pv. oryzae)

(Bakanae disease : Fusarium moniliforme) ( , 2532) 

        



2

 (rice)  (family)  (Gramineae  Poaceae) 

 (Genus) Oryza 

 130-150 .

 (local varieties) 

 (Bakanae disease)

Fusarium moniliforme Sheldon  (  anamorph) 

Gibberella fujikuroi (  telomorph) 

 ( , 2532) 

 conidia 

   ( , 2532) 

 seed borne  soil borne 

 (Ou, 1985) 
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 (Lee, 1983) 

 2 – 6 

 (Ou, 1985) 

 gibberellic acid  fusaric acid 

 (Lee, 1983) 

 (pink panicle) 

 (Ou, 1985) 

 Yamanaka and Honkura (1978)  5 

1.  (elongation) 

2.

3.

4.

5.

 (Sun and Synder, 

1978)  (Sasaki, 1973)

Fusarium moniliforme
Fusarium moniliforme  Class Hyphomycetes  Order Moniliales 

F. moniliforme  peach salmon, vinaceous purple 

microconnidia  fusoid  clavate microconidia  5-12 x 
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1.5-2.5  chlamydospore  globose stromatic 

initial cells  perfect stage F. moniliforme Gibberella fujikuroi (Sawada) Wollenw. 

(Booth, 1977) Wollenweber and Reinking (1935) F. moniliforme  telomorph 

 perithecia  250-330 x 220-280 m

 90-120 x 7-9 m  ascus  ascospore  4-6 

ascospore  8 ascospore  macroconidia 

microconidiophore  microconidia 

 conidia 

 1-2  macroconidia 

 Richard’s solution  Knop’s solutions 

F. moniliforme

F.  moniliforme  non-obligate parasite 

 (Bacon and Nelson, 1994)  mycotoxin 

 beauvericin, moniliformin, gibberellic acid  fumonisin 

 (Desjardins et. al., 2000; Bacon and Hinton, 1996)

 conidia 

 3 

 ( , 2539)  

 93  90  0.7 

 180 

 4-10  7 C

 3  (Kanjanasoon, 1965) (  1) 

 Seto (1933 , 2546) 
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 (Seto, 1937) Wollenweber and 

Reinking (1935)  3 

 Sun (1975) 

 conidia  ascospore 

 ascospore 

 (heading) 

F. moniliforme  100 

 30  ascospore 

 ascospore 

 ostiole (Yu and Sun, 1976)

 1  (Ou, 1985) 

F. moniliforme

 organo-mercury compound  mercury chloride 
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2  benomyl + thiram  mancozeb 

 (  1 

)  ( , 2532) 

 (Ogawa, 1988)  

 (Essential oil) ( , 2542) 

 Secondary 

metabolite

 (Refractive index) 

 1.5  0.842-1.172  150 –300 C (

, 2536 , 2542) 

Paster et al. (1995)  

A. flavus , A. niger A. ochraceus  (MIC) 

 0.2  

 0.2 – 2.5  

 carvacol  thymol 

Aphanomyces euteiches, Fusarium sambucinum, 

F. oxysporum f. sp. conglutinase  Verticillium dahliae (Hilary et al., 1996)

Rai et al. (1999)   18 

 5  Fusarium solani, F. oxysporum, F. pallidoroseum, F. acuminatum F.

chlamydosporum  paper disc  serial dilution technique  
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microzole

Prosopsis cineria F.

oxysporum

Basilico and Basilico (1999) 

 ochratoxin A A. ochraceus  seed protectant 

Hammer et al. (1999)  Dorman and Deans (2000) 

Aspergillus flavus, A. niger, Botrytis cinerea, Fusarium oxysporum  Penicillium chrysogenum

 100-1,000 ppm 

 (2547)  11 

Alternaria brassicicola  PDA 

 1,000 ppm 

2,000 ppm  100 % 

 (2548)  5 

F. moniliforme  PDA 

 400, 500  1,400 ppm 

 100 %  3 

 saprophytic behavior 

 genera Trichoderma,  Penicillium, Chaetomium,
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Actinomyces

 toxin  enzyme 

 (parasite) 

 genus Trichoderma

T.  harzianum,      T. viride, T. hamatum

 toxin, enzyme 

Trichoderma

 (rhizosphere) 

  (rhizoplane)

Trichoderma  sclerotium  ( ,  2539) 

T. hamatum R. solani

 36 – 65 

T. viride  (damping-off) 

T. viride Penicillium fregnentans

Pythium spp.  (Chang and Thor, 1968)  Mew and Kommedahl (1972) 

Chaetomium globosum

Fusarium sp. Penicillium sp.  60  9  Yeh and Sinclair (1980) 

C. cupreum Fusarium sp., 

Macrophomina phaseolina, Phomopsis sp. Rhizoctonia solani  dual culture 

C. cupreum

Gohil and Vola (1996) F. moniliforme

 4 

  Pristchepa et al. (2002)  lignorin 

Trichoderma harzianum s-4 Botrytis cinerea, F.

moniliforme, F. oxysporum F. solani T. harzianum

 lignorin  15.9-22.1 

 (2533) 

C. globosum, C. cochiodea C. cupreum
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Pyricularia oryzae, Fusarium moniliforme, Bipolaris oryzae,

Curvularia lunata, Rhizoctonia oryzae Rhizoctonia solani

 (2545)  50 

F. moniliforme  dual culture 

F. moniliforme  44.54-58.76 

 (2546)  Trichoderma 3 isolates 

Gliocladium virens, T. harzianum T. viride F. moniliforme

F. moniliforme  48.76-52.19 

 Unigreen, Trisan  Larminar 

Larminar  20 /  1 .  F. moniliforme 

 Trisan  Unigreen 

 treat 

 Ceresan 

thiram  dichlone, PCNB, captan 

 systhemic  fungicide  benomyl  carboxin 

 streptomycin 

 Marchetti  Peterson (1984) B. oryzae

 benomyl  propiconazole 

 Gopinath  Shetti (1994)  8 

Fusarium spp.  Bavistin (carbendazim) 

 Delsan, Topsin (thiophanate), Bayton (triadimino), Benlate (benomyl), Brassicol 

(quintozene), Captan  thiram F. moniliforme

 Delsan 
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 (2518) 

 3 %  1  PDA 

 Benlate 20 %  Dithane M-45 

 2543 

Curvularia sp. Fusarium sp. 

4 .6  TCC 12  TCC 12  Benlate OD 

Curvularia sp.  Captan  Delsene MX 

Fusarium sp.  Delsene MX 

Benlate OD 

 (2544) .6

Systhane – F 

 Captan  Captan 

 2545 

Curvularia sp. Fusarium sp.  2  TCC 7 

 TCC 8  mancozeb  Curvularia sp.  100 % 

 captan, chlorothalonil, benomyl  carbendazim  Fusarium sp. 

mancozeb, chlorothalonil, benomyl  carbendazim 

100 %  captan 
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1.

 (Blotter 

method)  International seed Testing Association (ISTA, 1976) 

 Whatman 

 1  1  3 

 (Petri-dish) (  9 )

 20 / 1  4  100 

 (30 2 C)  7 

 Stereomicroscope 

Compound microscope

2. Fusarium moniliforme

F. moniliforme

 (seed inoculation)   (spore suspension)  

F. moniliforme F. moniliforme  PDA 

7  10 

 2 

haemacytometer  1 x 106–1 x 107 spores/ml. 

 0.1 % sodium hyperchlorite  2-3 

 2-3 

1  12 

 2 

 4  400 
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3.

3.1 Fusarium moniliforme
 PDA 

 2  micropipette 

 10, 20, 30, 40  50  100, 200, 

300, 400  500 ppm  10 

 500, 1,000, 1,500, 

2,000, 2,500, 3,000, 3,500, 4,000, 4,500  5,000 ppm  micropipette 

 50, 100, 150, 200, 250, 300, 350, 400, 450  500  PDA 

 100  20  5 

 10 

 (%) =  –   x 100 

  Split plot design

3.2

 suspension  1 /

 suspension   10    spore suspension 

F. moniliforme  suspension   2  

 2   1  400 

 4  100 F. moniliforme 

 2 
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4.  (fungicide)  (biological fungicide) 

Fusarium moniliforme

4.1 Fusarium  moniliforme

      

1.  benomyl  Benlate OD   methyl -1- (butyl cavomoyl)-2- 

benzimidazole-2-ylcarbamate 50 % WP 

2.  macozeb  Dithane M-45   manganese ethylenebis  

(dithiocarbamate) polymeric complex with 

zinc salt 80 % WP 

3.  captan  Orthocide    N-(trichloromethylthio) cyclohex-4- 

ene-1, 2-dicarboximide) 50 % WP 

4.  thyram  Thysan    tetramethylenethiuram disulfide 80 %  

WP

 3  0.25 ,  0.5 

 (ppm) 

1. Benlate OD     187.5, 375, 750 ppm 

2. Dithane M-45    150, 300, 600      ppm 

3. Orthocide 50    187.5, 375, 750   ppm 

4. Thysan     150, 300, 600 ppm 

4.1.1 Fusarium moniliforme
PDA

 stock solution  10 

 PDA  150 

 16 

 5  10 
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 (%) =  –   x 100 

  Split plot design

4.1.2

 suspension   suspension

 10  spore suspension   F. moniliforme

 suspension   2   2

 1  400  4  100 

F. moniliforme 

 2 

  LSD 

 1 

 2 

 3  Benlate OD 

 4  Dithane M-45 

 5  Orthocide 50 

 6  Thysan 

4.2 F. monliforme

Trade name   Active ingredient 

1.  Trisan    Trichoderma viride T. harzianum 

2.  Larminar    Bacillus subtilis

3.  Unigreen UN-1   T. harzianum

4.  Chaetomium    Chaetomium cupreum
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 400 

 2  2 

 3  1 

(blotter method) 

 1 

 2 

 3  Trisan 

 4  Larminar 

 5  Unigreen UN-1 

 6  Chaetomium 
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1.

 8 

 14 

Bipoaris oryzae (69.75%) Phoma sp. (7.75%), Curvularia sp. (7.50%), Fusarium moniliforme

(4.50%), F. semitectum (4.25%), Fusarium sp. (3.25%), Penicillium sp. (2.25%), Nigrospora sp. (1.75%), 

F. chlamydospora (0.75%), Trichoconis padwickii (0.75%) Rhisopus sp. (0.50%) 

Cladosporium sp. Aspergillus glaucus (0.25%) 

 11 

Bipoaris oryzae (48.75%) Fusarium sp. (11.25%), Phoma sp. (10.00%), Nigrospora sp. 

(8.00%), Curvularia sp. (5.25%), Trichoconis padwickii (5.25%), F. semitectum (3.25%), Cladosporium

sp. (2.75%) Fusarium moniliforme (2.00%)  Penicillium sp. (2.25%) 

 7 

Bipoaris oryzae (23.00%) Phoma sp. (10.50%), Fusarium sp. (9.75%), F. chlamydospora

(6.00%), Curvularia sp. (2.50%)  Nigrospora sp. (2.25%) Cladosporium

sp. (0.75%)

 10 

Phoma sp. (24.50%)  Penicillium sp. (4.25%), Bipoaris oryzae (3.00%), Curvularia sp. 

(0.75%), Cladosporium sp. (0.75%) Trichoconis padwickii (0.50%) F. 

chlamydospora, Nigrospora sp., Alternaria sp. Myrothecium sp. (0.25%)

 11 

Trichoconis padwickii (18.75%) Fusarium sp. (10.75%), Curvularia sp. (9.25%), Phoma

sp. (4.50%), Fusarium moniliforme (2.50%), Nigrospora sp. (2.00%), Bipoaris oryzae (1.75%), 

Penicillium sp. (1.25%), F. semitectum (1.00%) Cladosporium sp. (1.00%)  

Rhizopus sp. (0.25%) 

 9 

Curvularia sp. (36.25%) Fusarium sp. (20.75%), Fusarium moniliforme (12.50%), 

Trichoconis padwickii (6.75%), F. semitectum (6.00%), Rhizopus sp. (4.00%), Nigrospora sp. (1.00%) 

Penicillium sp. (0.75%) Phoma sp. (0.25%) 
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 4 

Fusarium sp. (2.75%) Curvularia sp. (0.25%), A. niger (0.25%) Penicillium sp. (0.25%)

 5 Fusarium

sp. (20.75%) Curvularia sp. (0.75%), Bipoaris oryzae (0.50%), Trichoconis padwickii (0.25%) 

Penicillium sp. (0.25%)
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1. Alternaria sp.  

 conidia  chain  conidia  chain 

 conidia  conidiophore 

 conidia  obovoid, obclavate, obpyriform  septa 

 septa  conidia  beak 

 1  3  conidia  beak  conidia 

2. Aspergillus glaucus

 conidial head 

 cleistothecium  cleistothecium  asci  ascus 

 ascospore 

3. Aspergillus niger

 conidial head -

 conidial head 

 vesicle  conidiophore  sterigma  conidia 

4. Bipolaris oryzae

 2 

1. mycelium  conidiophore 

conidia

2. mycelium  conidiophore 

conidia  acropleurogenously 

 conidia  7-11 septa  hilum 

 scar  bacal cell  papilla-like structure 
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5. Cladosporium sp. 

 colony 

conidiophore  conidia  chain  intercalary 

terminal  conidiophore  conidiophore  modose  conidiophore 

 conidia 

6. Curvularia sp.

 conidiophore  conidia 

 conidiophore conidia  3 septa 

 2 

7. Fusarium sp. 

    conidiophore 

conidia  macroconidia  fusiform 

 microcondia 

8. Fusarium chlamydospora

 conidiophore  conidia 

 compound microscope 

 macroconidia  fusiform  3-5  chlamydospore 

macroconidia  microconidia  1-2 

9. Fusarium moniliforme

 macroconidia 

 false head  stereo  pionote 

 (  2)  macroconidia 

 foot cell conidia  septate 

 macroconidia  chain  conidiophore 

(  3) 
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10. Fusarium semitectum

 conidiophore 

 macroconidia  macroconidia 

 conidiophore  foor cell 

11. Myrothecium sp. 

 sporodochium  shallow xup  conidia 

 conidia 

sporodochium  conidia  1 

 conidia  phialide 

12. Nigrospora sp. 

 conidia  conidiophore 

 conidiophore  micronematous 

conidiophore  conidiophore  conidiophore 

microgenous cell  microgenous cell  vesicla  conidia 

13. Penicillium sp. 

 conidia 

phialides  conidiophore 

 conidia  conidia 

14. Phoma sp. 

 pycnidia  epidermis 

 conidia 
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15. Rhizopus sp. 

 sporangiophore 

 sporangia 

 sporangiospore  ovoid

16. Trichoconis padwickii

 mycelium 

conidia  conidia 

Alternaria   (beak)   conidia  3-5 septa 

2 Fusarium moniliforme

3 conidia Fusarium moniliforme
            400 ( A = macroconidia   B = microconidia) 

A

B
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2. Fusarium moniliforme

F. moniliforme

 81.50 % 

 100 %  51.25 % 

 85.00 %  3.25 % 

 94.50 % (  2  4)  

F. moniliforme

F. moniliforme

 26.00 %  8.00 % 

 62.50 %  60.00 %  

 (  2 

 5) 

 4 Fusarium moniliforme
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  2

Fusarium moniliforme

(%)1 (%)1 (%)2 (%)1 (%)2

( )

F. moniliforme 

85.00 a3

81.75 a 

3.25 b 

100.00 a 

5.50 b 

48.75 a 

62.50 a 

26.00 b 

40.00 b 

92.00 a 

LSD (p=0.05) 6.73 2.71 8.04 13.89 13.55 

CV (%) 4.66 3.03 17.14 18.45 11.87 
1  4  100 
2

 95 %  Least Significant Difference

  5 Fusarium moniliforme  
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3. Fusarium moniliforme

3.1 Fusarium moniliforme  PDA 

 12 

F. moniliforme  PDA 

 500 – 5000 ppm 

 67 – 100 %  (58 - 89%), 

 (43 - 81%),  (66 - 80%)  61 - 70% 

 5000 ppm   70 % (  3 

6)  100 – 500 ppm  100% 

 400 ppm  100%  500 ppm  

 100 %  1500 

ppm  1000 - 1500 ppm  1100 –1500 ppm 

 100 %  1400 ppm (  4  7) 
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 3 Fusarium moniliforme  PDA 

 10  10  14 

1 (ppm) 

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 

Bergamot

Black pepper 

Eucaliptus

Geranium

Larvender

Lemon

Marjoram

Rosemary

Sage

Ylang

0.89

61.67

40.67

67.22

43.78

9.89

57.89

1.56

54.67

66.67

8.00

62.00

41.22

77.78

54.44

12.89

60.78

4.22

54.00

68.55

14.78

62.44

41.78

100.0

57.33

17.67

65.22

6.00

54.78

72.44

16.33

63.11

43.44

100.0

57.56

15.89

69.00

10.00

57.22

74.78

20.11

64.00

44.89

100.0

60.11

17.00

74.33

10.22

57.11

74.56

26.89

65.00

45.44

100.0

60.22

17.67

80.56

13.89

62.00

77.11

31.33

66.67

46.89

100.0

67.44

23.11

86.11

19.33

61.33

78.56

33.00

67.56

47.11

100.0

73.22

21.33

87.22

20.89

64.00

78.67

50.78

69.44

47.22

100.0

78.89

23.89

87.89

21.56

67.67

79.78

57.78

70.78

48.33

100.0

81.67

26.00

89.78

33.89

68.78

80.00

Control 0.00 

LSD(p=0.05) 5.47 

CVa (%) 

CVb (%) 

19.45

9.51
1  5 
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 4 Fusarium moniliforme  PDA 

 3  5  10 

(ppm) ( .)1 (%)1

Clove 100 

200

300

400

500

7.27 b2

6.93 b 

0.88 g 

0.00 h 

0.00 h 

19.22 g2

23.44 g 

90.22 b 

100.0 a 

100.0 a 

Cinnamon 100 

200

300

400

500

7.31 b 

6.27 c 

4.60 d

3.41 e 

0.00 h 

18.78 g 

30.33 f 

48.89 e 

62.11 d 

100.0 a 

Geranium 1,100 

1,200

1,300

1,400

1,500

1.82 f 

1.79 f 

1.36 fg 

0.00 h 

0.00 h 

79.78 c 

80.11 c 

  84.89 bc 

100.0 a 

100.0 a 

Control 9.00 a 0.00 h 

LSD (p=0.05) 0.59 6.57 

CV (%) 14.49 8.10 
1  5 
2

 95%  LSD
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   6 Fusarium moniliforme  10  PDA 

 5  10 

( A = 500 ppm, B = 1,000 ppm, C = 1,500 ppm, D = 2,000 ppm, E = 2,500 ppm, F = 3,000 ppm, 

G = 3,500 ppm, H = 4,000 ppm, I = 4,500 ppm, J = 5,000 ppm) 

Black pepper 

con A B C D E 

F G H I J 

Geranium

A B C D E 

F G H I J 

con

G

Marjoram 

Acon B C D E 

F G H I J 

Ylang

Acon B C D E 

F G H I J 

Lavender

con A B C D E 

F G H I J 
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  7 Fusarium moniliforme  10  PDA 

 3  5 

3.2

3.2.1

F. moniliforme

 2 

 18%  2 

  15%  (  5 8)

 5%  (  5  8) 

  0.2  0.3 %

Clove

con 100  200

 300 400  500

Cinnamon

con 100  200

 300  400  500 

Geranium

con 1,100  1,200

1,300  1,400  1,500
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  5 

Fusarium moniliforme
 2 

1  4  100 
2

 95 %  Least Significant Difference

8  Fusarium moniliforme
 2 

(%)1 (%)1 (%)2

 ( )

 ( )

 +  + 

 +  400 ppm 

 +  500 ppm 

17.80 a 

17.90 a 

17.50 a 

17.90 a 

14.85 b 

10.15 c 

16.55 a 

15.45 b 

5.05 d 

0.00 e 

2.85 b 

3.50 ab 

3.80 a 

0.20 c 

0.30 c 

LSD (p=0.05) 0.57 1.08 0.67 

CV (%) 2.20 7.56 20.96 

Control Control
+

400 ppm 500 ppm 

Essential oils 
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4.2.2

 97, 99  81 %  

  5  8 % 

 95% 

 95% 

 (  6) 
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 6

 Fusarium moniliforme
 3 

1   4  100 
2  4 
3  4  20 
4   95%

  LSD

4.  (fungicide)  (biological fungicide) 

4.1 Fusarium moniliforme  PDA 

  4  Benlate Captan Dithane M-45

 Thysan F. moniliforme  PDA 

 (poison food technique)  3  7 

F. moniliforme

 Benlate ( ) Dithane M-45 ( )  Thysan  1 

 100 % 

Thysan 0.5  (87.33%) Thysan 0.25  (80.22%) Captan 1 

 (60.56%)  Captan 0.5  (58.00%) 

 (%)1 (%)2 (cm)3

(cm)3 (g)3 (g)3

 ( )

 ( )

 +  + 

 +  clove 

 +  cinnamon 

 +  geranium 

93.50 b4

88.25 c 

98.75 a 

97.00 a 

80.75 d 

0.00 e 

7.50 b 

38.50 a 

7.00 bc 

4.75 c 

8.00 b 

0.00 d 

27.63 b 

27.42 b 

28.27 ab 

29.43 a 

29.49 a 

0.00 c 

8.80 c

7.85 c 

13.64 a 

11.89 b 

8.82 c 

0.00 d 

3.50 ab 

3.24 b 

3.70 a 

3.87 a 

3.58 ab 

0.00 c 

0.55 b 

0.52 b 

0.62 a 

0.66 a 

0.62 a 

0.00 c 

LSD (p=0.05) 2.19 2.54 1.54 1.22 0.38 0.05 

CV (%) 2.56 15.62 4.38 9.67 8.62 7.28 
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 Captan 0.25 

60.56% (  7  9)

 7 Fusarium moniliforme  PDA

 4  3  14 

(ppm) (%)1

PDA

PDA + Benlate OD 0.25

PDA + Benlate OD 0.5

PDA + Benlate OD 1

PDA + Captan   0.25 

PDA + Captan   0.5

PDA + Captan   1

PDA + Dithane M – 45 0.25 

PDA + Dithane M – 45  0.5 

PDA + Dithane M – 45   1 

PDA + Thysan 0.25

PDA + Thysan 0.5 

PDA + Thysan 1

-

187.5

375

750

187.5

375

750

150

300

600

150

300

600

0.00 g2

100.0 a 

100.0 a 

100.0 a 

53.44 f 

58.00 e 

60.56 d 

100.0 a 

100.0 a 

100.0 a 

80.22 c 

87.33 b 

100.0 a 

LSD (p=0.05) = 1.74 

CV (%) = 1.72 
1   5
2  CRD 
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  9 Fusarium moniliforme  10  PDA 

3  3 

Dithane M - 45 

Control 150 ppm 

300 ppm 600 ppm 

Thysan

Control 150 ppm 

300 ppm 600 ppm 

Captan

Control 187.5ppm

375ppm 750ppm

Benlate

Control 187.5ppm

375 ppm 750 ppm 
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4.2

F. moniliforme

 2  Benlate  Dithane M-45 

 18 %  

 Benlate 

 1.30% 

 Dithane 

M-45  3.20%  

 Dithane M-45  Benlate 

  1, 2, 3  4 %   (  8 

10)

4.3

F. moniliforme

 4 

 Pretomium 

 19%   Unigreen 

(18.30%) Trisan  Larminar 

 18%   2 

 4 

 (7-

9%) 

 4 

  0.80-1.40%   (  9  11) 



36

 8

Fusarium moniliforme
    3 

1  4  100 
2  4 
3

 95 %  Least Significant Difference

  10  Fusarium moniliforme
 2 

(%)1 (%)1 (%)2

 ( )

 ( )

 + Benlate 

 + Dithane M-45 

17.80 b3

17.90 ab 

18.60 a 

18.30 ab 

10.15 b 

16.55 a 

1.30 d 

3.20 c 

2.85 a 

3.50 a 

1.15 b 

0.90 b 

LSD (p=0.05) 0.72 1.22 0.66 

CV (%) 2.59 10.16 20.48 

control control
Benlate Dithane M-45 
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 9

Fusarium moniliforme  4 

1  4  100 
2  4 
3

 95 %  Least Significant Difference 

(%)1 (%)1 (%)2

 ( )

 ( )

 + Laminar 

 + Chaetomium 

 + Trisan 

 + Unigreen 

17.80 b3

17.90 b 

17.70 b 

18.85 a 

18.00 b 

  18.30 ab 

10.15 b 

16.55 a 

9.05 b 

7.05 b 

7.47 b 

8.55 b 

2.85 b 

3.50 a 

0.80 c 

0.80 c 

1.40 c 

1.00 c 

LSD (p=0.05) 0.84 4.46 0.60 

CV (%) 3.12 30.64 23.47 
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  11  Fusarium moniliforme
 4 

control control

Laminar Chaetomium Trisan Unigreen 
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 8 

 16 species Alternaria sp., Aspergillus gluacus, A.

niger, Bipoaris oryzae, Cladosporium sp., Curvularia sp., Fusarium chlamydospora, F. moniliforme, F. 

semitectum, Fusarium sp., Myrothecium sp., Nigrospora sp., Penicillium sp., Phoma sp., Rhisopus sp. 

Trichoconis padwickii  Sinclair (1982); Anwar et al. (1995);  (2544) 

 2  (field fungi) 

(storage fungi) 

Bipolaris oryzae, Curvularia sp., Fusarium moniliforme, F. semitectum Trichoconis

padwickii  2 

Aspergillus gluacus, A. niger, Penicillium sp.  Rhisopus sp. 

 (Neergaard, 1979)

F. moniliforme 

 95% 

 Ou (1985) 

 12 

F. moniliforme  100 % 

 400 ppm  500 ppm  1,400 ppm 
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thymol, carvacol, eugenol, cinnamic aldehyde  allyl isothiocyanate  (Basilico and Basilico, 

1999)

  4  Benlate Captan Dithane M-45

 Thysan   3  Benlate (

) Dithane M-45 ( )  Thysan  1 

 100 %  Thysan 0.5  Thysan 0.25 

Captan 1  Captan 0.5 

 Captan 0.25  (2545) 

 5  Carbendazim  Benlate 

Fusarium sp. 

 Chaetomium 

19%   Unigreen  Trisan  Larminar 

 4 

 4 

 (2546) 

 Larminar Unigreen  Trisan  Larminar  10 /  1 

.  Larminar 20 /  1 .
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. 2533. .

 27(3)  : 15-26. 

. 2546. Fusarium moniliforme

.

. . 64 .

. 2544.  6 

.

. . 26 .

. 2542. .

. 90 .

. 2534. . .

. 458 .

. 2545. Fusarium

 moniliforme .

. . 153 .

. 2539. . .

248 .

. 2545. 

Curvularia sp. Fusarium sp.. 

. 70 .

. 2545.  (Rice). .

. 63 .

. 2542. .

. . 49 .

. 2537. .  14 – 19. 

.

 2537. .

. 2537. . . . . 213 .
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. 2544. 

Curvularia sp. Fusarium sp. 

Fusarium sp.. 

.  42 .

. 2539. .

. 183 .

. 2532. .

. . 116 .

. 2547. 

Alternaria brassicicola .

. . 108 .

, , . 2518. 

.  480-481. 

.
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  1

Fusarium moniliforme

  2

Fusarium moniliforme

Source DF SS MS F P

Seed infection 1 18721.100 18721.100 7615.37 0.0000

Error 6 14.750 2.458

Total 7 18735.900

LSD(p=0.05) = 2.71 CV (%) = 3.03 

  3 

     Fusarium moniliforme

Source DF SS MS F P

Abnormal seedling 1 3741.13 3741.130 173.0 0.0000

Error 6    129.75       21.625

Total 7  3870.88

LSD(p=0.05) = 8.04 CV (%) = 17.14 

Source DF SS MS F P

Germination 1   21.125 21.125 14.0 0.2820

Error 6 90.750 15.125

Total 7 111.875

LSD(p=0.05) = 6.73 CV (%) = 4.66   
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  4 

Fusarium moniliforme

Source DF SS MS F P

Emergence 1 2664.5 2664.5 41.31 0.0007

Error 6 387.0 64.5

Total 7 3051.5

LSD(p = 0.05) = 13.89 CV (%) = 18.45   

  5 

Fusarium moniliforme

Source DF SS MS F P 

Abnormal seedling 1 5408.0 5408.00 88.17 0.0001

Error 6 368.0 61.33

Total 7 5776.0

LSD(p=0.05) = 13.55 CV (%) = 11.87   

  6 Furarium moniliforme  PDA

 10  10  10 

Source DF SS MS F P

Essential oil (A) 10 517324.0 51732.4 24.18.32 0.000

Error a  44 39.37.4 89.4863

Concentration (B) 9 16906.0 1878.44 87.81 0.000

interaction 90 17174.0 190.823 8.92 0.000

Error b 396 847118.0 21.3919

Total 594 563813.0

LSD(p=0.05) = 5.47 CV(a) (%)

CV(b) (%)

= 19.45 

= 9.06 
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 7 Fusarium moniliforme  PDA

 3  5  10 

Source DF SS MS F P

Colony 15 754.436 50.296 230.12 0.0000

Error 64 13.988 0.219

Total 79 768.424

LSD(p=0.05) = 0.59 CV (%) = 14.49   

 8 Fusarium moniliforme

  PDA  3  5  10 

Source DF SS MS F P

Innhibition 15 92961.30 6197.42 229.27 0.0000

Error 64 1729.98 27.03

Total 79

LSD (p=0.01)

LSD(p=0.05)

= 8.73 

= 6.57 
CV (%) = 8.10   

  9

Fusarium moniliforme

   3 

Source DF SS MS F P

Germination 4 27.808 6.952 48.50 0.0000

Error 15 2.150 0.143

Total 19 29.358

LSD (p=0.05) = 0.57 CV (%) = 2.20   
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  10 

Fusarium moniliforme

    3 

Source DF SS MS F P

Seed infection 4 782.248 195.562 383.96 0.0000

Error 15 7.64 0.5093

Total 19 789.888

LSD (p=0.05) = 1.08 CV (%) = 7.56   

  11 

Fusarium moniliforme

 3 

Source DF SS MS F P

Abnormal seedling 4 49.032 12.258 61.49 0.0000

Error 15 2.99 0.1933

Total 19 52.022

LSD(p = 0.05) = 0.67 CV (%) = 20.96   

  12

Fusarium moniliforme

 3 

Source DF SS MS F P

Emergence 5 28850.40 5770.070 1499.8 0.0000

Error 18 69.25 3.847

Total 23 28919.60

LSD(p = 0.05) = 2.19 CV (%) = 2.56   
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  13

Fusarium moniliforme

 3 

Source DF SS MS F P

Abnormal seedling 5 3814.21 762.842 260.31 0.0000

Error 18 52.75 2.931

Total 23 3866.96

LSD(p = 0.05) = 2.54 CV (%) = 15.62   

  14

Fusarium moniliforme

    3 

Source DF SS MS F P

Shoot length 5 2713.15 542.63 503.04 0.0000

Error 18 19.416 1.078

Total 23 2732.57

LSD(p = 0.05) = 1.54 CV (%) = 4.38   

  15 Fusarium

     moniliforme  3 

Source DF SS MS F P

Root length 5 443.093 88.619 131.13 0.0000

Error 18 12.165 0.675

Total 23 455.258

LSD(p = 0.05) = 1.22 CV (%) = 9.67   
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  16 Fusarium

    moniliforme  3 

Source DF SS MS F P

Fresh weight 5 43.628 8.725 131.77 0.0000

Error 18 1.192 0.066

Total 23 44.820

LSD(p = 0.05) = 0.38 CV (%) = 8.62   

  17 Fusarium

    moniliforme  3 

Source DF SS MS F P

Dry weight 5 1.228 0.246 188.51 0.0000

Error 18 0.023 0.001

Total 23 1.251

LSD (p=0.05) = 0.05 CV (%) = 7.28   

 18 Fusarium moniliforme

  PDA  4  3  10 

Source DF SS MS F P

Innhibition 12 54106.1 4508.84 2375.98 0.0000

Error 52 98.6792 1.89768

Total 64 54204.8

LSD(p=0.05) = 1.74 CV (%) = 1.72   
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  19

Fusarium moniliforme  2 

Source DF SS MS F P

Germination 3 1.71187 0.57062 2.59 0.1016

Error 12 2.6475 0.22063

Total 15 4.35937

LSD (p=0.05) = 0.72 CV (%) = 2.59   

 20 

Fusarium moniliforme  2 

Source DF SS MS F P

Seed infection 3 581.98 193.993 308.74 0.0000

Error 12 7.54 0.62833

Total 15 589.52

LSD (p=0.05) = 1.22 CV (%) = 10.16   

  21 

Fusarium moniliforme  2 

Source DF SS MS F P

Abnormal seedling 3 19.46 6.48667 35.06 0.0000

Error 12 2.22 0.185

Total 15 21.68

LSD(p = 0.05) = 0.66 CV (%) = 20.48   
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  22

Fusarium moniliforme  4 

Source DF SS MS F P

Germination 5 3.60833 0.72167 2.26 0.0925

Error 18 5.75 0.31944

Total 23 9.35833

LSD (p=0.05) = 0.84 CV (%) = 3.12   

 23 

Fusarium moniliforme  4 

Source DF SS MS F P

Seed infection 5 243.205 48.6411 5.39 0.0033

Error 18 162.298 9.01658

Total 23 405.504

LSD (p=0.05) = 4.46 CV (%) = 30.64   

  24 

Fusarium moniliforme  4 

Source DF SS MS F P

Abnormal seedling 5 27.035 5.407 32.99 0.0000

Error 18 2.95 0.16389

Total 23 29.985

LSD(p = 0.05) = 0.60 CV (%) = 23.47   


