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 : Alternaria tenuis, Alternaria sp., Cladosporium sp,.
Fusarium moniliforme, F. semitectum;  : F. semitectum Colletotrichum dematium

 3  : Alternaria brassicicola, A. tenuis Fusarium oxysporum
 3 

 Benlate 

OD (benomyl), Carbenzin 50 (carbendazim), Dithane M-45 (captan), Lucky-xyl (metalaxyl), 

Orthocide (mancozeb)  Thysan (thiram)  50 – 60 oC

 Thysan, Dithane M-

45  Orthocide 

 52.5 oC  5 – 15 

 50 – 52.5 oC  10 



Abstract

Investigation of vegetable crop seeds have done with the purpose of isolation and 

identification of seedborne fungi by using blotter method. The results showed that the important fungi 

associated with each tested seed was Alternaria tenuis, Alternaria sp., Cladosporium sp,. Fusarium
moniliforme and F. semitectum in sugar sweet pea, Fusarium semitectum and Colletotrichum
dematium in string bean, Alternaria brassicicola, A. tenuis and Fusarium oxysporum in cabbage. 

Pathogenecity have done by coating conidial or mycelial suspension of all important fungi in sugar 

sweet pea, string bean and cabbage seeds. As a result, germination percentage of all tested seeds were 

reduced, pre-emergence and post-emergence mortality appeared and increased the number of 

abnormal seedling. 

Sugar sweet pea, string bean and cabbage seeds were treated with chemical fungicides viz. 

Benlate OD (benomyl), Carbenzin 50 (carbendazim), Dithane M-45 (captan), Lucky-xyl (metalaxyl), 

Orthocide (mancozeb) and Thysan (thiram) or hot water seed treatment at 50 – 60 oC in order to 

evaluate the effect of seed treatment on the incidence of fungi and germination. Thysan, Dithane M-

45 and Orthocide showed high effective in reducing the frequency of total fungal recovery, increasing 

of germination percentage and also reducing the number of abnormal seedling in soil test. Hot water 

seed treatment at 52.5 oC for 5 – 15 minutes cuminated in the best results in sweet pea and string bean, 

whereas the treatment for 10 minutes at 50 – 52.5 oC turned out to be the best in cabbage. 
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 : Alternaria brassicae, A. brassicicola, A. raphani,
Rhizoctonia solani, Phoma lingam Fusarium oxysporum  : Alternaria
cucumerina, Colletotrichum lagenarium, Cercospora melonis, Corynespora cassiicola, Fusarium
oxysporum, Pythium aphanidematum, Verticillium albo-altrum  : Alternaria
solani, Rhizoctonia solani, Fusarium oxysporum f. sp. lycopersici, Cladosporium fulvum,

Colletotrichum phomoides, Phytophthora infestans, Septorium lycopersici Stemphylium
botryosum  ( , 2521; Noble and Richardson, 1968; Neergaard, 1977) 

 (Neergarrd, 

1977 : Agarwal and Sinclair, 1996) 
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1.

 15      

1.  (Garden pea : Pisum sativum)

2.  (Sugar sweet pea : P. sativum)

3.  (Bush bean) 

4.   (Long-bean : Vigna sesquipedalis L.) 

5.  (Japanease pumpkin : Curcubita pepo)

6.  (Tomato : Lycopersicon esculentum L.) 

7.  (Tomato : L. esculentum L.) 

8.  (Pak choi : Brassica capestris subs. chinensis)

9.  (Chinease cabbage : Brassica capestris subs. pekinensis)

10.  Hongfah No. 33 sfg. 

11.  (Lactuca sativa var. capitata)  Fame 

12.  (L. sativa var. capitata)  Ballade T. K. 

13.  (Cabbage : Brassica oleracea var. capitata)  No. 1 

14.  (Cabbage : B. oleracea var. capitata)  New Jersey (Tokita) C. M. 

15.  (Red cabbage : B. oleracea var. capitata)  Ruby Perfection T. K. 

.

 (Blotter method) 

International Seed Testing Association (ISTA, 1996) 

 Whatman  1  1  3 

 (petri dish) 

 10 / 1  (  1-4)  25 / 1  (

6-15)  4  100  7 

 stereomicroscope 

 compound microscope 

 PDA slant  stock culture 
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2.  (pathogenecity) 

2.1  PDA 

 1  3 

 inoculum  PDA  7 

 cork borer  5  inoculum 

 (  9 )  PDA  20 

 1  CRD (Complete Randomized Design)  5  1 

 incubate 

2.2

 (seed inoculation)  3  spore 

suspension ( )  mycelium suspension ( )  106-107

/

 1 

 spore suspention 

 PDA  10  L 

suspension  inoculum 

Haemacytometer  106 – 107

 Clorox 1%  5  spore suspension  mycelium 

suspension  100  1 

 1 

 12 

 6  5 

 3  10 
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3.  (fungicide) 

 6 

 (dust treatment)  (Blotter 

method)  (Soil test) 

•

  1. Benlate OD                               benomyl  Methyl -1- (butyl carbomoyl) -2- 

benzimidazole-2-ylcarbamate  50% WP 

2. Carbenzin 50             carbendazim  Methyl benzimidazole-2-ylcarbamate  

50% WP 

3. Orthocide 50              captan   N - (trichloromethylthio) cyclohex- 

4-ene-1, 2-dicarboximide) 50% WP 

4. Dithane M-45                     mancozeb  manganease   ethylenebis  

(dithaiocarbarmate) polymeric complex 

with zinc salt   80% WP 

5. Thysan 80              thiram   Tetramethylenethiuram disulfide  

  80% WP 

6. Lucky-xyl   metalaxyl  methyl N-(2-methoxyacetyl)-N-2, 6- 

xylyl)-DL-alaminate 25% WP 

3  1 

 (control) 

 2 

(treatment)  300 
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-  (Blotter method) 

 300  300 

 1 

 7 

 (seed germination)  (normal seedling) 

(abnormal seedling) 

-  (Soil test) 

 300  300 

 30 x 45 

 12  10 

 ( )

  5  14 

 (shoot length) 

 (root length) 

4.  (Hot water treatment) 

 water 

bath  50, 52.5, 55  60  5, 15, 25  35 

 ( )  50, 52.5  55 

 10, 20  30  300 

 7 
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1.

 15 

 1 

 6 A. niger
(31.25%), Aspergillus sp. (7.25%), Penicillium (6.25%), A. flavus (4.25%), A. glaucus (1.25%) 

Cladosporium sp. (1.25%)  98.00% 

  8 Cladosporium
sp. (66.00%), Alternaria tenuis (31.25%), unknown (12.50%), Fusarium semitectum (9.00%), F.
moniliforme (5.25%), Stemphylium sp. (4.25%), Curvularia  lunata (3.75%) A. flavus (1.25%)  

 91.00% 

  6 A. glaucus
(10.00%), A. flavus (6.75%), A. niger (6.25%), Penicillium (5.75%), Aspergillus sp. (5.25%) C.
lunata (1.25%)  97.00% 

 20 F. semitectum
(36.75%), A. glaucus (33.00%), Cladosporium sp. (22.00%), C. lunata (18.75%), Penicillium
sp.(16.00%), A. niger (13.75%), A. flavus (13.50%), Choanephora sp. (11.00%), Colletotrichum
dematium (8.25%), Aspergillus sp. (7.00%), Macrophomina phaseolina (7.00%), C. lindemuthianum
(4.00%), A. terreus (3.75%), Nigrospora sp. (3.25%), A. candidus (2.25%), Lasiodiplodia (1.75%),

Chaetomium globosum (1.25%), Drechslera sp. (1.25%) Rhizopus sp. (0.5%) 

 86.50% 

 3 A. niger
(24.00%), Rhizopus sp. (6.00%) Penicillium sp. (1.00%)  100.00% 

 5 

unknown (12.00%), Cladosporium sp. (7.25%), Aspergillus sp. (1.25%), A. niger (1.00%) A.
flavus (0.50%)  96.50%

 3 A.
flavus (10.00%), Penicillium sp. (1.75%) A. niger (0.75%)  81.00%
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  9 Rhizopus
sp. (3.25%), Cladosporium sp. (1.00%), Alternaria tenuis (0.75%), A. niger (0.75%), Aspergillus sp. 

(0.50%), A. flavus (0.50%), A. glaucus (0.25%), F. oxysporum (0.25%) Penicillium sp. (0.25%)

 86.00% 

 3 A. flavus
(0.75%), C. lunata (0.50%) Aspergillus sp. (0.25%)  80.50% 

 1 Alternaria brassicicola (1.25%) 

 97.00% 

 Flame A. niger (0.75%)  Bullade A.
niger (1.25%)  77.00%  92.00% 

 No. 1  8 A.
brassicicola (10.75%), A. tenuis 2.25% C. lunata (2.25%), A. flavus (1.50%). F. oxysporum
(1.50%), Aspergillus sp. (1.25%), C. pallescence (1.00%), Aspergillus sp. (1.25%) 

 96.00%

 5 A.
brassicicola (21.25%), F. oxysporum (2.00%), A. tenuis (1.25%), Aspergillus sp. (0.75%) A.
niger (0.50%)  91.50% 

 5 A.
brassicicola (7.00%), F. oxysporum (2.50%), A. flavus (1.25%), C. lunata (0.75%) A. tenuis
(0.50%)  99.00%
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1.1

(1) Alternaria tenuis
 conidia  chain  conidia  chain 

 conidia  conidiophore  simple 

 conidiophore 

conidia  obovoid, obclavate,  pyriform 

 (septa)  septa 

 conidia  beak  1  3  conidia 

(2) Alternaria brassicicola 
 conidiophore 

2-12

 conidia 

 conidia 

(transverse septa) 1-11 

(3) Alternaria sp. 

 conidia  conidiophore conidia 

 obclavate  oblong  septate  beak 

(4) Aspergillus candidus 
 conidial head  conidiophore 

conidia

(5) Aspergillus flavus

 mycelium, condiophore  conidia -

 conidia  conidiophore 

vesicle  conidial head 

 conidiophore  conidia 
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(6) Aspergillus glaucus
 conidial head 

 cleistothecium  cleistothecium  asci 

 ascus  ascospore 

(7) Aspergillus niger
A. flavus group  conidial head 

-  conidial head A. flavus group

 (8) Aspergillus terreus
 conidial head  conidium 

vesicle  sterigma  2 

(9) Cladosporium sp.

 colony 

condiophore  conidia  chain  intercalary 

terminal  conidiophore  conidiophore  modose conidiophore

 conidia 

(10) Chaetomium globosum
 perithecium  hair 

 hair  perithecium  hair 

 perithecium  subglobose  hair  hair 

 perithecium  ascus  8 ascospore 

(11) Choanephora sp. 

 sporangium  sporangiophore 

 sporangia  2  macrosporangia 

collumella  2 – 3  conidiophore 

microsporangia  sporangiophore 



12

(12) Colletotrichum dematium 
 acervuli  setae 

 setae  3-5 septa  trichiform ( )  slime mass 

 conidia 

 fusoid 

(13) Colletotrichum lindemuthianum 
 acervuli   setae 

slime mass  conidia 

 (14) Curvularia lunata
 conidiophore  conidia 

 condiophore conidia  3 septa 

 2  22.54 x 11.19 

(15)Fusarium moniliforme 
 macroconidia 

 false hesd  stereoscope  pionote 

 macroconidia 

 foot cell ( )

conidia   septate  microconidia 

chain  conidiophore 

(16) Fusarium oxysporum 

 macroconidia  obclavate 

 septate  2-4  microconidia  obclavate 

 1-2 

(17) Fusarium semitectum 
 conidiophore 

 macroconidia  macroconidia 
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 conidiophore  foot cell 

 conidia  septate

(18) Nigrospora sp.

 conidia  conidiophore 

conidophore

micronematous  conidiophore  conidiophore 

3-7  conidiophore  conidiophore  microgenous cell 

 6-9  microgenous cell  vesicle  conidia 

(shaericle)  conidia 10-16  12-14  conidia 

(19) Macrophomina phaseolina 
 fruiting body   pycnidia  

 ostiole  pycnidia  globose, 

membranus  subcarbousceous  conidia 

(pycnidiospores)

(20) Phoma sp.

 pycnidia 

 pycnidia  conidiophore  conidia 

(21) Stemphylium sp. 

 conidiophore  conidia 

 conidiophore   conidiophore 

 conidia conidia  septate  3 septate  2 

septate  conidia 

(22) Unknown 

 pycnidia  ostiole 

 pycnidium  conidia  2 

 oblong 
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2.

2.1  PDA 

 PDA 

Fusarium moniliforme
 PDA  1 

 pigment 

PDA slant  6-7 

 macroconidia  (foot cell) 

 microconidia  chain 

conidiophore

Fusarium semitectum
 PDA  1 

 7-8 

 macroconidia  conidiophore 

macroconidia  microconidia  macroconidia 

 foot cell 

Fusarium oxysporum
 PDA  1 

 pigment 

 7-8 

macroconidia  obclavate 

 septate  2-4  microconidia  obclavate  1-2 
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Alternaria brassicicola 
 PDA  1 

 (greyish olive) 

 conidiophore 

 5-18  50-20  70 

 conidia  conidia 

 conidia   8-30 

 18-130  (transverse septa) 1-11 

Alternaria tenuis
 PDA  1 

 11-12 

 conidia  obovoid, obclavate  pyriform 

(septa)  septa  conidia  beak 

 1  3  conidia

Cladosporium sp.

 PDA  1 

 8 – 10 

 conidiophore  conidia  chain 

 ellipsoidal  subspherical 

scar

Colletotrichum dematium 
 PDA  2 

 10  acervulaus 
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 setae  trichiform  slime mass (

)  conidia  fusoid 

2.2

 2 Alternaria  tenuis
Cladosporium  sp.  

Fusarium  moniliforme Fusarium  semitectum

Alternaria  sp.   unknown 

 spore suspension Fusarium
semitectum Colletotrichum dematium
F. semitectum C.
dematium

 cotyledon  (  1) 

 spore suspension Alternaria
brassicicola, A. tenuis Fusarium oxysporum A. brassicicola

 (  2) 

 6 – 7 

A. tenuis
F. oxysporum

(  3) 
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 2

(%) (%) (%) (%)

Alternaria tenuis
Alternaria sp. 

Cladosporium sp. 

Fusarium moniliforme
Fusarium semitectum 
unknown

Control

Fusarium semitectum 
Colletotrichum dematium 
control

Alternaria brassicicola 
Alternaria tenuis 
Fusarium oxysporum 
control

68

62

66

45

50

59

71

65

56

85

65

85

62

90

32

38

34

55

50

41

29

35

44

15

35

15

38

10

66

50

63

40

47

50

68

50

35

81

30

70

41

80

2

12

3

5

3
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15

21
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35

15

21
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 1

   Fusarium semitectum (Fs), Colletotrichum dematium (Cd) 

 (A)  (cotyledon) 

C.  dematium (B) 
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 2

Alternaria brassicicola ( )  ( )

 3

Fusarium oxysporum ( )  ( )
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3.

 6 

 3  6 

 Thysan  Dithane M-45  Orthocide (  4) 

1.67%, 8.33%  11.67%  (  4  5, 6) 

 Dithane M-45 (98.33%), Lucky-xyl (98.00 %), Thysan ( 97.67%) 

Orthocide (97.67%) 

86.00% (  4  5) 

 Thysan (93.50%  91.50%) 

Orthocide (86.00%  84.50%)  Lucky-xyl (85.50%  79.00%) 

 14 

Thysan (172.10  147.20  .)  Orthocide (164.60   132.80  .)  Lucky-xyl 

(161.00  121.50 .)  (  4  5, 7)

 6 

 Thysan Dithane M – 45 

Fusarium spp.  Lucky-xyl 

 Benlate OD 

  (  8,  6 

 9)  6  (  6 

 9)  Thysan 

 (97.00%  97.00%) 

 Orthocide (93.00%  91.50%)  Benlate OD 

 (  6  9) 
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 3

 6 

 (%)1

Control Benlate OD Orthocide Carbenzin 50 Thysan Lucky-xyl Dithane M-45 

Aspergillus flavus 5.33 0.00 0.00 0.00 0.00 0.33 0.33 

Alternaria tenuis 55.67 32.00 5.00 51.00 0.67 5.67 3.67 

Cladosporium sp. 62.33 59.67 0.00 69.33 0.67 6.33 0.00 

Curvularia spp. 1.67 0.00 0.00 1.00 0.00 0.00 0.00 

Fusarium spp. 5.67 1.33 0.00 0.00 0.00 0.33 0.00 

Stemphylium sp. 0.00 3.67 0.67 2.67 0.00 0.00 0.00 
    1  3  100 

    *Af = Aspergillus flavus, At = A. tenuis, Cl = Cladosporium sp., Cu = Curvularia spp., Fu = Fusarium spp., St =

Stemphylium sp. 
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 4

1

(%) 1(%) (%) 2  (%) 2  (%) 3 ( .) 3 ( .) 

    Benlate OD 97.33 ab4 83.67 a 1.33 71.00 c     70.00 c     147.30 c   119.8 cd 

    Orthocide 50    97.67 a 11.67 b 0.67   86.00 ab 84.50 ab     164.60 ab       132.8 b 

    Carbenzin 50    95.00 b 85.67 a 3.33 53.50 d     46.00 d     105.80 e 95.67 e 

    Thysan    97.67 a 1.67 c 0.00 93.50 a     91.50 a     172.10 a      147.2 a 

    Lucky-xyl    98.00 a 14.33 b 0.33   85.50 ab 79.00 bc  161.00 b      121.5 c 

    Dithane M-45    98.33 a 8.33 b 0.00 82.50 b 76.00 bc   143.10 cd  117.1 cd 

    control    86.00 c 84.67 a 10.33 51.00 d     45.00 d     135.80 d      111.4 d 

LSD(p = 0.05) 2.509 6.5636 * 9.8383 9.7648 9.4809 9.212 

CV (%) 1.495 9.04674 * 8.95521 9.44715 14.64039 13.150 
1  3  100 ; 2  4  50 ; 3  4  10 
4  least significant 

difference (p = 0.05) 

*
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 6  6  (control) 

 7  Thysan 
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 5

 6 

 (%)1

Control Benlate OD Orthocide Carbenzin 50 Thysan Lucky-xyl Dithane M-45

Aspergillus flavus 3.33 0.33 0.00 0.67 0.00 5.67 0.00 

A. glaucus 16.33 7.67 3.67 6.67 0.00 0.00 0.00 

A. niger 6.00 0.00 0.00 0.00 0.00 1.00 0.00 

A. tenuis 1.67 0.67 0.00 0.00 0.00 0.00 0.00 

Choanephora sp. 7.67 8.00 2.33 7.33 0.00 0.00 0.00 

Cladosporium sp. 18.67 6.67 2.00 4.00 0.00 0.00 0.00 

Colletotrichum spp. 9.67 13.33 0.33 7.00 0.00 0.00 0.00 

Curvularia sp. 5.67 11.67 2.00 5.67 0.00 0.00 0.00 

Fusarium spp. 33.33 30.67 24.33 35.00 22.67 27.00 24.00 

M. phaseolina 3.00 0.67 0.00 2.67 0.00 0.00 0.00 

Penicillium sp. 5.67 1.67 0.00 0.33 0.00 0.67 0.00 

Rhizopus sp. 0.00 0.00 0.00 3.33 0.00 0.00 0.00 
1  3  100 
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* Af = Aspergillus flavus, Ag = A. glaucus, An = A. niger, At = Alternaria tenuis, Ch = Choanephora
sp., Cl = Cladosporium sp., Co = Colletotrichum spp., Curvularia sp., Fu = Fusarium spp., MP = 

Macrophomina phaseolina, Pe = Penicillium sp., Rh = Rhizopus sp. 
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 6

  14  6 

1

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

    Benlate OD 91.00 a3 59.00 ab 11.00 82.50 cd 81.50 b 

    Orthocide 50 89.33 ab 31.67 c 5.00 93.00 ab 91.50 a 

    Carbenzin 50 91.00 a 52.33 b 2.67 78.50 d 73.50 c 

    Thysan 90.67 a 24.00 c 5.67 97.00 a 97.00 a 

    Lucky-xyl 89.00 ab 29.00 c 5.67 87.00 bc 82.50 b 

    Dithane M-45 84.33 b 24.00 c 8.00 86.00 c 84.00 b 

    control 89.33 ab 72.33 a 9.33 78.00 d 63.00 d 

LSD(p = 0.05) 5.9693 14.577 * 6.1054 5.9169 

CV (%) 3.81966 19.93252 * 4.8278 4.9153 

1  3  100 ; 2  4  50 ;  3

 least significant difference (p = 0.05) 

      * 

9

 6 

0

20

40

60

80

100

(%)

control

Benlate OD

Orthocide

Carbenzin 50

Thysan

Lucky-xyl

Dithane M-45



27

4.

 (  7) 

Alternaria tenuis Cladosporium sp.  50% 

 52.5 oC

1

 52.5 oC  5-25 

 52.5 oC  5- 15  50 oC  25 

 55oC  5  35 

 (  7  10)

 50 oC - 55 oC  5 – 15 

 (  9) 

 52.5 oC  5 – 15  55 oC

 5  50 oC  15  (  10  11) 

Alternaria brassicicola  (  11) 

 50 oC  10 , 52 oC  10  50 oC  20 

(  12  12) 
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 8

 (OC)  ( )  (%)1  (%)1  (%) 

50 5    94.67 abcd2      81.33 a 13.34 

 15       97.67 a      80.33 a 17.34 

 25       97.00 ab      85.33 a 11.67 

 35    94.00 abcd 79.67 ab 14.33 

52.5 5       97.67 a 85.33 a 12.34 

 15       96.00 abc 85.67 a 10.33 

 25       97.33 ab  71.00 bc 26.33 

 35       92.67 bcd      18.67 e 74.00 

55 5       98.00 a      80.00 a 18.00 

 15       96.67 ab      65.33 c 31.34 

 25       90.00 d      32.33 d 57.67 

 35       62.00 f        2.00 g 60.00 

60 5       96.33 abc      32.67 d 63.66 

 15       79.33 e        9.67 fg 69.66 

 25       12.67 g 0.00 g 12.67 

 35         1.33 h 0.00 g 1.33 

 91.67 cd 62.63 c 29.04 

LSD (p=0.05) 4.6702 8.7155 * 

CV (%) 3.42984 10.24464 * 
       

1  3  100 

       2

 least significant difference (p = 0.05) 

        *
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 10

 (OC)  ( )  (%)1  (%)1  (%) 

50 5       95.00 c2    85.33 ab 9.67 

 15 97.00  abc    82.33 bc 14.67 

 25       96.33 bc  80.67 c 15.66 

 35       94.67 c 79.33 c 15.34 

52.5 5       98.00 ab 86.67 a 11.33 

 15 97.00 abc 86.33 a 10.67 

 25       94.67 c 72.00 d 22.67 

 35       89.67 d 31.33 g 58.34 

55 5       99.00 a    81.00 bc 18.00 

 15       95.33 c 70.33 d 25.00 

 25       85.67 d 38.00 f 47.67 

 35       68.33 g 10.67 j 57.66 

60 5       94.67 c 46.67 c 48.00 

 15       80.00 f 16.67 h 63.33 

 25       17.67 h  0.00 j 17.67 

 35         3.67 I  0.00 j 3.67 

      88.67 d 69.67 d 19.00 

LSD (p=0.05)        2.5978 3.7753 * 

CV (%)        1.90736 4.1277 * 
       

1  3  100 
         2

 least significant difference (p = 0.05) 

        *
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 (%) 

50 oC 52.5 oC 55 oC

10 20 30 10 20 30 10 20 30 
control

Alternaria brassicicola 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.67 

A. tenuis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 

Aspergillus flavus 0.33 0.33 1.67 0.00 0.00 0.00 0.00 0.00 0.00 1.33 

A. niger 1.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 1.33 

A. terreus 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Aspergillus spp. 0.67 1.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 1.33 

Cladosporium sp. 8.67 3.33 6.33 5.33 2.67 1.33 2.67 1.33 1.33 2.00 

Curvularia sp. 0.67 0.33 1.00 0.67 0.00 0.00 0.00 0.33 2.67 1.67 

Fusarium spp. 5.67 5.00 4.33 2.67 1.33 0.67 8.67 10.67 12.33 10.00 

Penicillium sp. 1.33 0.00 1.33 1.33 0.67 3.67 1.33 0.67 0.00 2.00 

1  3  100 
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 (OC)  ( )  (%)1  (%)1  (%) 

50 10 96.00 a 88.00 a 8.00 

 20 91.00 b 82.67 b 8.33 

 30 85.67 b 58.33 d 27.33 

52.5 10 92.33 b 84.33 ab 8.00 

 20 84.00 c 72.00 c 12.00 

 30 75.33 d 41.67 e 33.66 

55 10 89.33 b 81.67 b 7.66 

 20 85.33 c 69.00 c 16.33 

 30 63.67 e 36.00 f 27.67 

 83.00 c 72.00 c 11.00 

LSD (p=0.05) 3.4064 4.654 * 

CV (%) 2.365 3.849 * 
       

1  3  100 
          2

 least significant difference (p = 0.05) 

      *
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 (storage fungi) Aspergillus spp. Penicillium spp.

Cladosporium sp. Alternaria tenuis
 (field fungi) 

 Flame 

A. brassicicola
 21.25%  No. 1  10.75% 

 7.00%  seed 

coat  hypocotyl  cotyledon 

 cotyledon  hypocotyl 

 6 

 Thysan  Orthocide  Lucky-xyl 

 Dithane M-45, Lucky-xyl, Thysan 

Orthocide

 Thysan  Orthocide  Lucky-xyl 

Thysan  Dithane M – 45 

 Thysan 

 Orthocide   Benlate OD 
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 3 

 52.5 oC Alternaria tenuis
Cladosporium sp. 

 52.5 oC  5-25 

 52.5 oC  5- 15  50 oC  25  55oC  5 

 35 

Grondeau et. al (1992)   dry heat treatment  oven 

Pseudomonas syringae pv. pisi
 dry heat treatment  65 oC  72  55 oC

60 oC  15 P.  syringae pv. pisi

 50 oC - 55 oC

 5 – 15 

 52.5 oC  5 – 15  55 oC

5  50 oC  15 

Alternaria brassicicola

 50 oC  10 , 52.5 oC  10  50 oC  20 

 Thysan, Orthocide  Lucky-xyl  

 50 – 55 o C  5 – 15 
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 1 

 8 

Source DF SS MS F P

TRT (A) 6 351.62 58.603 28.62 0.0000

REP (B) 

A * B 16 28.667 2.0476

Total 20 3.80.29

Grand average 1 1.9239E+05

LSD (p = 0.05) 2.5059

         CV (%) 1.495

 2 

 6 

Source DF SS MS F P

TRT (A) 6 2.9720E+04 4953.4 352.62 0.0000

REP (B) 

A * B 14 196.67 14.048

Total 20 2.9917E+04

Grand average 1 3.6043E+04

LSD (p = 0.05) 6.5636

           CV (%) 9.04674
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 3 

 6 

Source DF SS MS F P

TRT (A) 6 6733.7 1122.3 25.07 0.0000

REP (B) 

A * B 21 940.00 44.762

Total 27 7673.7

Grand average 1 1.5630E+05

LSD (p = 0.05) 9.8383

           CV (%) 8.95521

 4 

 8 

Source DF SS MS F P

TRT (A) 6 7959.7 1326.6 30.09 0.0000

REP (B) 

A * B 21 926.00 44.095

Total 27 8885.7

Grand average 1 1.3832E+05

LSD (p = 0.05) 9.7648

           CV (%) 9.44715
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 5 

 6 

Source DF SS MS F P 

Treatment

        Error 

        Total 

6

273

279

1.189E+05

1.266E+05

2.455E+05

1.982E+04

463.8

42.73 0.0000 

LSD (p = 0.05) 

CV (%) 

9.4809

14.64039

    

 6 

 6 

Source DF SS MS F P 

Treatment

        Error 

        Total 

6

273

279

1.025E+05

1.438E+05

2.463E+05

1.785E+04

426.3

36.58 0.0000 

LSD (p = 0.05) 

CV (%) 

9.121

13.150

    

 7 

 8 

Source DF SS MS F P

TRT (A) 6 97.143 16.190 1.39 0.2841

REP (B) 

A * B 14 162.67 11.619

Total 20 259.81

Grand average 1 1.6723E+05

LSD (p = 0.05) 5.9693

           CV (%) 3.81966
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 8 

 6 

Source DF SS MS F P

TRT (A) 6 6717.8 1119.6 16.16 0.0000

REP (B) 

A * B 14 970.00 69.286

Total 20 7687.8

Grand average 1 3.6625E+04

LSD (p = 0.05) 14.577

           CV (%) 19.93252

 9 

 6 

Source DF SS MS F P

TRT (A) 6 1214.0 202.33 11.74 0.000

REP (B) 

A * B 21 362.00 17.238

Total 27 1576.0

Grand average 1 2.0709E+05

LSD (p = 0.05) 6.1054

           CV (%) 4.8278
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 10 

 6 

Source DF SS MS F P

TRT (A) 6 3011.4 501.90 31.00 0.0000

REP (B) 

A * B 21 340.00 16.190

Total 27 3351.4

Grand average 1 1.8762E+05

LSD (p = 0.05) 5.9169

           CV (%) 4.9153

 11 

Source DF SS MS F P

TRT (A) 16 4.2361E+04 2647.6 334.23 0.0000

REP (B) 

A * B 34 269.33 7.9216

Total 50 4.2631E+04

Grand average 1 3.4342E+05

LSD (p = 0.05) 4.6702

           CV (%) 3.42984
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 12 

Source DF SS MS F P

TRT (A) 16 5.633E+04 3520.6 127.61 0.0000

REP (B) 

A * B 34 938.0 27.588

Total 50 0.7268E+04

Grand average 1 1.3408E+05

LSD (p = 0.05) 8.7155

           CV (%) 10.24464

 13 

Source DF SS MS F P

TRT (A) 16 3.7832E+04 2364.5 964.73 0.0000

REP (B) 

A * B 34 83.333 2.4510

Total 50 3.7916E+04

Grand average 1 3.4358E+05

LSD (p = 0.05) 2.5978

           CV (%) 1.90736
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 14 

Source DF SS MS F P

TRT (A) 16 5.0163E+04 3135.2 605.66 0.0000

REP (B) 

A * B 34 176.00 5.1765

Total 50 5.0039E+04

Grand average 1 1.5494E+05

LSD (p = 0.05) 3.7753

           CV (%) 4.1277

 15 

Source DF SS MS F P

TRT (A) 9 2345.4 260.60 65.15 0.0000

REP (B) 

A * B 20 80.000 4.000

Total 29

Grand average 1

LSD (p = 0.05) 3.4064

           CV (%) 2.365
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 16 

Source DF SS MS F P

TRT (A) 9 4840.1 537.79 72.03 0.7828

REP (B) 

A * B 20 149.33 7.4667

Total 29 4989.5

Grand average 1 1.4897E+05

LSD (p = 0.05) 4.6540

           CV (%) 3.849


