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Selection of Nematophagous Fungi Formulation and Produced Method for 

Controlling Root-Knot  Nematode (Meloidogyne  sp.) in Head Lettuce 
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Abstract

Random inspections of nematodes were made at cultivating plots of 3 kinds of vegetables 
e.g. head lettuce, baby carrot and beetroot for 3 times in 3 crop seasons at Nong Hoi RDC. The soil 
samples were collected from the same locations throughout the experiment and isolation of 
nematodes was made by using Cobb sieving and Baerman funnel. Results showed that there were 11 
genera, 5 of which are plant parasitic nematodes e.g. Aphelenchus sp., Aphelenchoides sp., 
Helicotylenchus sp., Psilenchus sp. and Tylenchus sp. and the rests are free living nematodes. During 
summer time and at 7 days after planting, highest numbers of all nematodes were found. When the 
root knot nematode larvae of Meloidogyne sp. were inspected from the roots of chinese kale at Mae 
Tho RDC, it was found that there were more larvae in winter and during the period ahead of planting 
time. Results from analysis of interaction between environmental factors and population of nematodes 
showed that temperature had most effect whereas quantity of rainfall had only small effect. 

Arthrobotrys spp. from stock culture (Dept. of Agriculture), antagonistic to root knot 

nematode, preserved in mineral oil for 17 months 18 ˚C, were cultured on PDA. It was found that 

eight of all isolates grew on the medium and four of which had been identified as A. oligospora which 

were named later in this study after the source of their origins as HNR oli, Dong oli, HP oli, and MH 

and the rests were identified as  A. conoides and named to be HNR con, Dong con, KKU, and PD. All 

the fungal isolates were studied on factors affected growth and sporulation, results are as follows: A 

test of 11 kinds of media showed that the coconut medium gave best growth of all isolates while 

cassava medium and animal feed corn medium came second and third respectively. A test of adding 

sugar into the media compared with the media without sugar, it was found that media with sugar gave 

better growth of mycelium. When a comparison was made on sporulation; the soybean medium with 

sugar gave best results, while brown rice medium without sugar and animal feed corn medium with 

sugar came second and third respectively. A test of temperature effect with the use of animal feed 

corn medium for culturing the fungal isolates, results showed that the fungi grew and sporulation well 

at 25 ˚C and 30 ˚C. A test of pH effect; every isolates grew well at pH 7 to pH 11 but showed best 

growth at pH 9 and best sporulation at pH 7 and pH 9. A test of light effect; every isolates showed 

best growth at 12 hr. light in alternation with 12 hr. dark whereas the entirely dark condition came 

second. For sporulation, both conditions showed good effect, no difference could be found, between 

the two conditions. Dual culture tests between pairs of three antagonistic fungi i.e. Arthrobotrys spp. 

(8 isolates), P. lilacinus and T. harzianum, showed that T. harzianum grew more quickly and its 



mycelium inhibited growth of Arthrobotrys spp. by invading and covering the Arthrobotrys spp. ’s

colonies. No binding or penetration of the hyphae of the two fungi on the hyphae of Arthrobotrys spp. 

was found. But the areas where T. harzianum grew on top of Arthrobotrys spp.’s colonies had no 

spore production. T. harzianum grew faster than P. lilacinus and inhibited growth of the later as well. 

A test on capability of Arthrobotrys spp. to capture the J2 (root knot nematode juvenile stage 2) was 

carried out on diluted animal feed corn medium. It was found that Dong con isolate showed best 

result while HNR oli, PD and Dong oli came second, third and fourth respectively. A pot test; 

comparison of capability of 4 selected isolates and carbofuran to control root knot nematode in head 

lettuce by mixing with the soil before planting. Results showed that Dong con and Dong oli isolates 

could reduce root knot numbers, increase fresh weight of the plant and reduce population of J2 but 

their efficacy was lower than carbofuran. A study on finding a suitable compost to multiply the 

Arthrobotrys spp. fungus: the compost consisted of 50 % of cow dung manure, 20 % of ash, 10 % of 

rice bran, 10 % of rice husk and 10 % of coconut peat with 15 days fermentation showed highest 

sporulation. The proportion of Arthrobotrys spp. in the compost to mix with soil at the rate of 1:2 

(300 g / 600 g soil), could reduce J2 population most. 

_________________________________________________________________________
1/  Department of Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200. 
2/  Plant Protection Center, Royal Project Foundation, Chiang Mai 50200.  
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5 50 (5.0) - 20 (2.0) 10 (4.0) 10 (1.0) 10 (3.0) 15.0 
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1  6  Factorial design 
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 8 Aphelenchoides  sp. .  (20×)

.   (40 ×) .  (40 ×) 

 9 Helicotylenchus  sp. .  (10 ×)

.  (40 ×) .  (40 ×) 
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.  (40 ×) .  (40 ×) 
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 11 Tylenchus  sp. .  (20 ×)

.  (40 ×) .  (40 ×) 

 12  Dorylaimus  sp. .  (10 ×)

.  (20 ×) .  (40 ×) 

 13  Mononchus  sp. .  (10 ×)

.  (20 ×) .  (40 ×) 
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 14  Rhabditis  sp. .  (10 ×)

.  (20 ×) .  (40 ×) 

 15 Unknown  1 .  (10 ×)

.  (40 ×) .  (40 ×)

 16 Unknown 2 .  (10 ×)

.  (40 ×) .  (40 ×)

33 3



25

 17 Unknown 3 .  (10 ×)

.  (40 ×) .  (40 ×) 

 5

 ( )

/ / /
1,164 2,067 1,607 4,838 (2031.7)2   a1

6,386 5,063 6,836 18,250 (537.6)    b 

 7,550 7,130 8,443 23,123  

CV.(%)              56.30 
LSD 0.05       786.14 

1  95 % 
2  log  10 
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 6  3 

/  ( )1

/  7,550 (1.32)3   b2

/  7,130 (1.31)   b 

/  8,443 (1.37)   a 

CV. (%) 17.49 

LSD 0.05 0.046 

1  6  Factorial design 
2  95 % 
3  log  10 

 7  3 

 7  7 

 ( ) 1

 7  8,008    (1.34)3   ab2

   7,673 (1.31)   b 

 7  7,442 (1.35)   a 

CV. (%) 17.49 

LSD 0.05 0.046 

1  6  Factorial design 
2  95 %
3  log  10 
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 8 

 7 

 7 

 ( ) 1

/

 7  7 

/  2,348 (1.32)3   bcde 2 2,075 (1.24) 3    de2 3,127 (1.42) 3   abc2

/  4,329 (1.44)   ab 1,101 (1.20)    e 1,700 (1.28)   cde 

/  1,331 (1.27)   de 4,497 (1.48)    a 7,442 (1.36)   abcd 

CV. (%) 17.49 

LSD 0.05 0.080 

1  6  Factorial design 
2  95 % 
3  log  10 

 2 

Meloidogyne  sp. 

 9  18-21 
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 9  2

 7  7 

 2  ( ) 1

 7  7 

 277 (1.74) 3   a2 22 (1.12) 3    b2 6 (1.03) 3    c2

 31 (1.17)   b 2 (1.01)    c 2 (1.01)    c 

CV. (%) 6.05 

LSD 0.05 0.085 

1  6  Factorial design 
2  95 % 
3  log  10 

 18  2

 7  7 

0

50

100

150

200

250

300

 (
)

 7  7 

 2  3 

 3 
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 19 Meloidogyne sp.

.

.  1 

.  1 

.  2 

.

. ; Meloidogyne incognita

 20

.

.

.
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2.

 Microsoft Office Excel 

 22 

 81 

 10  21-23  11-13 

 (  14) 

 10

 7 

( )

( .) (%)

( )

( .) (%)

( )

( .) (%)

 21.61 7.76 86.33 21.30 10.80 84.81 20.80 8.58 88.29 

15.50 1.16 88.00 16.50 0.00 87.00 18.00 0.00 82.00 

21.91 8.38 81.40 23.23 9.58 87.96 20.96 6.73 - 
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 21 

 22 

12

14

16

18

20

22

24

1 1.2 1.4 1.6
 (log) ( )

 (
)

 log (X+10) 

Linear (  log (X+10) 

)

0

2

4

6

8

10

12

1 1.2 1.4 1.6
 (Log)( )

 (
)

 log (X+10) 

Linear (  log (X+10) 

  )



32

 23 

81
82
83
84
85
86
87
88
89

1 1.2 1.4 1.6

 (Log) ( )

 (%
)

 log (X+10) 

Linear (  log (X+10) 

)



33

 11  2548-2549

 ( ) 1

 2548  2549 

 18.4 16.5 - 

 22.3 18.0 - 

 19.3 21.5 - 

 20.0 21.91 - 

 22.2 23.23 - 

 21.6 20.96 - 

 21.3 - - 

 20.8 - - 

 20.5 - - 

 20.06 - - 

 18.5 - - 

 15.5 - - 

 20.04 - - 

 31.0 - - 

 8.0 - - 

1 . . .



34

 12  2548-2549

 ( ) 1

 2548  2549 

 0.0 0.0  

 0.0 0.0  

 0.0 13.0  

 0.9 8.38  

 10.19 9.58  

 7.76 6.73  

 10.8 -  

 8.58 -  

 14.0 -  

 4.9 -  

 1.8 -  

 1.16 -  

 4.93 -  

 14.0 -  

 0.0 -  

1 . . .
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 13  2548-2549

 ( ) 1

 2548  2549 

 85.9 87.0  

 68.9 82.0  

 68.0 71.0  

 69.2 81.4  

 77.5 87.96  

 86.33 -  

 84.81 -  

 88.29 -  

 93.67 -  

 88.03 -  

 90.0 -  

 88.0 -  

82.39 -  

 93.67 -  

 77.5 -  

1 . . .
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 14  2548  2549 ( )

 1

 2548  2549 

 ( )

 ( )

 ( )

-

27

8

19.5

32.6

8.5

 ( ) 1,030 1,572  

 ( ) - -  

1 . . .

3.  Arthrobotrys spp. 

 (Meloidogyne spp.) 

 Arthrobotrys spp.  12 

mineral oil  18  17  PDA (potato 

dextrose agar)  8 A. oligospora 4 

 (HNR oil)   (Dong oil)   (HP oil)  (MH) 

A. conoides 4  (HNR con)   (Dong con)  .

(KKU)  (PD)  A. oligospora  2 A.

conoides  2  15 

 24  25  acid-fuchsin  lactophenol
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 15 Arthrobotrys spp.  PDA 

1  ×  20 

-

(µm) 1

Arthrobotrys oligospora HNR  oli 12.30 ×25.89 2 

Arthrobotrys oligospora Dong oli 12.35 ×28.21 2 

Arthrobotrys oligospora HP oli 9.78 ×23.93 2 

Arthrobotrys oligospora MH   13.02 ×22.47 2 

Arthrobotrys conoides HNR con 9.26 ×31.48 2 

Arthrobotrys conoides Dong con 10.70 ×31.40 2 

. Arthrobotrys conoides KKU 9.85 ×31.55 2 

Arthrobotrys conoides PD  9.52 ×27.69 2 



38

 24 Arthrobotrys oligospora 

A. A. oligospora  (HNR oli) 

B. A. oligospora  (Dong oli) 

C. A. oligospora  (HP oli) 

D. A. oligospora  (MH) 

× 400

B

× 400

C

× 400

D

A
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 25 Arthrobotrys conoides

A. A. conoides  (HNR con) 

B. A. conoides  (Dong con) 

C. A. conoides  (KKU) 

D. A. conoides  (PD)

4. Arthrobotrys

spp.

 8 

 16  17 

P=0.01

A. oligospora  MH  3 

 7.90  7.83  A. oligospora

× 400

A

× 400

B

× 400

C

 × 400

D
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 HNR oli  7.60 

 A. oligospora

HNR oli  6.98 

 A. oligospora  HP 

 6.58 

 26  18 

 16  factorial treatment effects  interactions

Arthrobotrys spp. 8  8 

 3 

Source                  DF                                   MS                             F                                  P

Rep                       5                             0.0215                             3.73                0.0027 

Media  (M)           7                            23.9668                         4158.47                      0.0000 

Isolate  (I)             7                             23.9668                         4158.47                      0.0000 

M x I                    49                            2.3809                          413.11                        0.0000 

Error                     315                  0.0058 

Total                     383 

Coefficient of variance                               1.33 

 17  factorial treatment effects  interactions

Arthrobotrys spp. 8  8 

 3 

Source                  DF                                    MS                             F                                 P

Rep                       5                             0.0101                             2.16                0.0578 

Media  (M)           7                            12.4920                         2680.70                      0.0000 

Isolate  (I)             7                             5.8751                         1260.76                      0.0000 

M x I                    49                            0.5577                          119.68                        0.0000 

Error                     315                  0.0047 

Total                     383 

Coefficient of variance                               1.38 
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 26 Arthrobotrys spp. 8  8 

 3 

M1 =  M2 =  M3 =  M4 = 

M5 =  M6 =  M7 =   M8 = 

0

1

2

3

4

5

6

7

8

M1 M2 M3 M4 M5 M6 M7 M8

HNR  oli

Dong oli

HP oli

MH 01 

HNR con

Dong con

KKU

PD 01

cm 
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 18  Arthrobotrys spp. 8  8 

 3 

 Arthrobotrys spp. ( .) 1

A. oligospora A. conoides A. oligospora A. conoides 

HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD

4.33 3.61 6.61 4.03 5.71 4.65 3.98 3.23 5.65 4.77 4.27 4.32 4.60 4.10 4.38 4.09 

6.80 5.15 5.30 5.81 5.51 5.40 6.00 4.76 5.10 5.00 5.32 5.09 4.35 4.09 4.54 3.74 

5.79 5.62 5.07 5.20 5.15 5.77 6.80 5.40 4.96 5.45 5.05 4.84 4.63 4.88 5.00 4.30 

6.98 5.47 6.08 5.07 5.90 5.75 5.96 5.59 5.16 5.35 5.97 5.64 5.12 5.03 5.47 4.55 

7.60 6.16 6.25 7.83 6.51 6.57 7.11 6.09 6.32 6.17 6.58 6.23 5.25 5.56 5.65 4.76 

6.20 4.60 5.03 6.30 4.70 4.82 5.09 4.62 4.36 4.64 4.35 3.76 4.01 4.14 3.99 4.00 

5.09 5.17 5.46 5.74 5.67 5.71 6.03 5.06 5.05 4.77 5.62 4.67 4.84 5.02 4.95 4.55 

7.21 6.14 5.38 7.90 6.64 5.99 6.51 6.03 5.47 5.60 5.70 5.45 4.65 5.15 4.91 4.55 

LSD 0.01 0.113 0.102 

LSD 0.05 0.086 0.077 

CV.(%) 1.33 1.38 

1  6 

 5 

 19  20 (P=0.01)

 9.00 

 A. conoides  Dong con 

 A. oligospora  HNR oli  MH 

 21
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 19  factorial treatment effects  interactions

Arthrobotrys spp. 8  8 

 5 

Source                  DF                                    MS                              F                                 P 

Rep                       5                             0.00955                           2.65                0.0228 

Media  (M)           7                            9.77927                         2717.70                      0.0000 

Isolate  (I)             7                             5.39280                         1498.68                      0.0000 

M x I                    49                            1.56188                          434.05                        0.0000 

Error                     315                  0.00360 

Total                     383 

Coefficient of variance                              0.72 

 20  factorial treatment effects  interactions

Arthrobotrys spp. 8  8 

 5 

Source                  DF                                    MS                              F                                 P 

Rep                       5                             0.0305                             7.69                0.0000 

Media  (M)           7                            23.9342                         6044.54                      0.0000 

Isolate  (I)             7                             12.9000                         3257.87                      0.0000 

M x I                    49                            0.9569                          241.67                        0.0000 

Error                     315                  0.0040 

Total                     383 

Coefficient of variance                               0.82 
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 21  Arthrobotrys spp. 8  8 

 5 

 Arthrobotrys spp. ( .) 1

A. oligospora A. conoides A. oligospora A. conoides 

HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD

8.05 7.58 8.07 9.00 8.65 9.00 7.32 5.82 8.38 7.89 7.07 6.86 7.30 6.78 7.18 6.65 

9.00 8.70 8.35 8.65 7.79 7.80 8.29 7.35 7.56 7.85 7.95 8.16 6.65 6.56 7.69 5.67 

8.61 8.70 8.20 8.30 7.15 8.19 9.00 8.05 7.83 8.56 7.95 8.05 7.50 7.55 8.26 6.56 

9.00 8.58 8.85 9.00 8.26 8.20 8.36 8.32 8.22 8.90 8.89 9.00 8.05 7.94 8.33 7.35 

9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 7.98 8.83 8.80 7.55 

8.65 7.92 8.13 8.90 6.64 6.67 7.76 7.45 6.53 7.75 6.85 5.63 6.16 5.76 6.86 5.89 

8.20 8.65 8.20 8.41 7.98 7.99 8.32 7.17 8.15 8.15 7.78 8.04 7.41 7.78 7.66 6.70 

9.00 9.00 9.00 9.00 9.00 8.71 9.00 9.00 7.97 8.84 8.84 8.76 7.55 8.36 7.53 7.25 

LSD 0.01 0.089 0.094 

LSD 0.05 0.068 0.071 

CV.(%) 0.72 0.82 

1  6 

Arthrobotrys spp.  8 

 22  23 

(P=0.01)  A. oligospora  HNR oli 

 266.1×104

 A. oligospora  HNR oli  238.9 ×104  (P

= 0.01)  A. oligospora  HNR oli 

 Dong oli  150.5 ×104  149.7 ×104  2         

P=0.05 P=0.01

 24
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 22  factorial treatment effects  interactions 

Arthrobotrys spp. 8  8 

 7 

Source                  DF                MS             F                                P 

Rep                      5            4.9                    0.98           0.4318 

Media  (M)                  7               29849.1                 5945.37                     0.0000 

Isolate  (I)                 7          42159.2                8397.31          0.0000 

M x I            49                            5981.5                 1191.39          0.0000 

Error                  315                          5.0 

Total                  383    

Coefficient of variance                                    5.08 

 23  factorial treatment effects  interactions 

Arthrobotrys spp. 8  8 

 7 

Source                  DF                 MS             F                                P 

Rep                      5            0.00109                    2.49           0.0310 

Media  (M)                  7               3.16483                 7263.73                     0.0000 

Isolate  (I)                 7          2.61189                 5994.65          0.0000 

M x I            49                            0.17749                 407.36           0.0000 

Error                  315                          0.00044 

Total                  383    

Coefficient of variance                                     1.28 
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 24  Arthrobotrys spp. 8  8 

 7 

1  6 
2

3  log  10 

Arthrobotrys spp. (×104 ) 1

A. oligospora A. conoides A. oligospora A. conoides 

HNR

oli

Dong 

oli

HP MH HNR

con

Dong 

con

KKU PD HNR

oli

Dong 

oli

HP MH HNR

con

Dong 

con

KKU PD

52.20   

(1.79)

29.70 

(1.59)

14.66 

(1.39)

8.20 

(1.25)

18.23 

(1.45)

5.63 

(1.19)

21.80 

(1.49)

6.66 

(1.22)

111.7 

(2.08)

51.16 

(1.78)

51.73 

(1.79)

77.63 

(1.94)

20.26 

(1.48)

26.90 

(1.56)

35.33 

(1.65)

 9.16 

(1.28)

83.50 

(1.97)

82.43 

(1.96)

48.30 

(1.76)

24.73 

(1.54)

46.30 

(1.75)

24.83 

(1.54)

55.43 

(1.81)

38.23 

(1.68)

238.9 

(2.39)

89.73 

(1.99)

131.1 

(2.14)

142.4 

(2.18)

22.93 

(1.51)

26.63 

(1.56)

34.00 

(1.64)

12.13 

1.34) 

92.86 

(2.01)

72.56 

(1.91)

56.36 

(1.82)

31.40 

(1.61)

44.33 

(1.73)

21.53 

(1.79)

45.43 

(1.74)

15.40 

(1.40)

111.5 

(2.08)

65.60 

(1.87)

44.46 

(1.73)

16.56 

(1.42)

27.93 

(1.57)

23.36 

(1.52)

18.63 

(1.45)

19.50 

(1.46)

150.5 

(2.20)

149.7 

(1.99)

89.56 

(1.58)

28.60 

(1.55)

25.76 

(1.61)

31.10 

(1.61)

51.00 

(1.78)

27.73 

(1.57)

104.3 

(2.05)

112.5 

(2.08)

112.8 

(2.08)

100.4 

(2.04)

25.73 

(1.55)

29.20 

(1.59)

28.86 

(1.58)

32.93 

(1.63)

105.7 

(2.06)

88.50 

(1.99)

29.40 

(1.59)

21.70 

(1.50)

52.16 

(1.79)

15.46 

(1.40)

19.86 

(1.47)

15.36 

(1.40)

142.5 

(2.18)

89.40 

(1.99)

148.1 

(2.19)

23.00 

(1.51)

14.70 

(1.39)

13.36 

(1.36)

11.50 

(1.33)

8.03 

(1.25)

266.1 

(2.44)

27.76 

(1.57)

72.76 

(1.91)

114.9 

(2.09)

8.46 

(1.26)

22.73 

(1.51)

32.86 

(1.63)

106.4 

(2.06)

70.96 

(1.90)

50.10 

(1.77)

63.70 

(1.86)

122.6 

(2.12)

19.50 

(1.46)

12.90 

(1.35)

61.06 

(1.85)

26.20 

(1.55)

93.60 

(2.01)

73.23 

(1.92)

67.06 

(1.88)

27.23 

(1.57)

9.10 

(1.28)

8.56 

(1.26)

18.20 

(1.44)

3.50 

(1.13)

46.83 

(1.75)

76.26 

(1.93)

68.46 

(1.89)

32.50 

(1.62)

11.73 

(1.33)

16.20 

(1.41)

28.70 

(1.58)

2.53 

(1.09)

7.10 

(1.23)

12.50 

(1.35)

3.46 

(1.12)

0.50 

(1.02)

3.73 

(1.13)

0.63 

(1.02)

1.07 

(1.04)

1.07 

(1.04)

2.96 

(1.11)

1.40 

(1.05)

0.73 

(1.03)

0.40 

(1.01)

0.46 

(1.01)

0.53 

(1.02)

0.43 

(1.01)

0.13 

(1.00)

LSD 0.01 3.352 0.031 

LSD 0.05 2.545 0.023 

CV.(%) 5.08 1.28 
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 1  2 

 3  4  

 25  27

 25   Arthrobotrys spp. 8  5 

 7 

Arthrobotrys spp. 

3

3

2

4

1

1

2

3

4
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 27  Arthrobotrys spp. 8  5 

 7 

                 A.       B.         C. 

   D.              E. 

HNR oli     Dong oli       HP oli           MH  

HNRcon     Dongcon       KKU             PD 

 8 

E

B

C D

A
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5. Arthrobotrys spp. 

5.1

 6 Arthrobotrys spp.  8   

 3  5 

 26  27 (P=0.01)  25  30 

 3 

 A. conoides  KKU  30  PD 

25  2.84 

 99 %  PD  30  2.79 

 5  30 

 KKU  5.57  (P = 0.01) 

 28 

 26  factorial treatment effects  interactions 

Arthrobotrys spp. 8  6  3 

Source          DF                     MS                        F                   P 

Rep              5         0.0008                    0.38                       0.8655 

Isolate  (I)                       7         0.2831                  127.44                       0.0000 

Temperature  (T)         5       57.3181                 25804.1                    0.0000 

I x T       35         0.1291                   58.10                       0.0000 

Error           235         0.0022 

Total           287    

Coefficient of variance                                 3.53 
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 27  factorial treatment effects  interactions 

Arthrobotrys spp. 8  6  5 

Source           DF                      MS                          F                               P 

Rep               5            0.005                     1.59                      0.1633 

Isolate  (I)        7            0.642                   211.24        0.0000 

Temperature  (T)             5         230.261                  75720.9                  0.0000 

I x T       35           0.620                  203.79        0.0000 

Error           235                         0.003 

Total           287    

Coefficient of variance                                   2.19 

 28  Arthrobotrys spp.  6  3 

 5 

 Arthrobotrys spp. ( .) 1

3  5 

A. oligospora A. conoides A. oligospora A. conoides 

(° C)
HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD

10 0.55 0.64 0.35 0.65 0.40 0.45 0.53 0.50 1.15 1.55 1.07 1.25 1.24 1.21 1.13 1.22 

20 2.09 1.58 1.90 1.57 1.70 1.61 1.94 1.95 3.85 2.81 4.14 2.77 3.29 3.29 3.19 3.46 

25 2.58 2.51 2.70 2.62 2.25 2.53 2.60 2.84 4.62 5.10 5.36 5.35 4.57 5.08 5.12 5.01 

30 2.28 2.38 2.77 2.58 2.29 2.12 2.84 2.79 4.98 4.10 5.38 5.25 4.57 4.17 5.57 4.81 

35 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

40 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

LSD 0.01 0.070 0.082 

LSD 0.05 0.053 0.062 

CV.(%) 3.53 2.19 

1  6 



51

 29 (P=0.01)  25  30 

 25  30 

 A. oligospora  Dong oli  25 

 95.33 ×104  A. oligospora

 HP  64.83 ×104  25 

 (P=0.01)  30 A. conoides    HNR con 

 Dong con  45.90 ×104  42.13 ×104

 (P=0.01)  35  40 

 30 

 29  factorial treatment effects  interactions 

Arthrobotrys spp. 8  6  7 

Source           DF                       MS             F                              P 

Rep               5             0.00176        0.73                     0.5991 

Isolate  (I)         7            0.40541       168.76       0.0000 

Temperature  (T)         5           2.64233      1099.92                0.0000 

I x T       35           0.17322       72.11                     0.0000 

Error           235            0.00240 

Total          287    

Coefficient of variance                                    4.12
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 30  Arthrobotrys spp. 8  6 

 7 

Arthrobotrys spp. (×104 ) 1 

A. oligospora A. conoides 
(° C)

HNR oli Dong oli HP MH HNR con Dong con KKU PD 

10 0.00 2 

(1.00)3

0.26 2

(1.01)3

0.00 2

(1.00)3

0.16 2

(1.01)3

0.06 2

(1.76)3

0.16 2

(1.00)3

0.03 2

(1.00)3

0.00 2

(1.00)3

20 17.96 

(1.44)

0.60

(1.02)

21.80

(1.49)

0.00

(1.00)

5.93

(1.20)

13.80

(1.37)

0.00

(1.00)

1.03

(1.04)

25 7.96 

(1.25)

95.33

(2.01)

64.83

(1.86)

15.33

 (1.39) 

28.30

(1.57)

32.36

(1.62)

16.30

(1.41)

4.76

(1.16)

30 11.83 

(1.33)

16.63

(1.41)

36.26

(1.65)

0.43

(1.01)

45.90

(1.73)

42.13

(1.70)

13.26

(1.36)

0.06

(1.00)

35 0.00 

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

40 0.00 

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

LSD 0.01 0.073

LSD 0.05 0.055

CV.(%) 4.12 

1  6 
2

3  log  10 

5.2  (pH) 

 11 

 pH  31  32 (P=0.01)

 7  11  6  12 

 2  3  pH 

Arthrobotrys spp.  3  9-11 

 A. conoides  KKU  pH  11  5.78 

10  KKU  5.63 
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99 %  5  pH 9 A. oligospora  HNR oli  Dong 

oli  28  33

 31  factorial treatment effects  interactions 

Arthrobotrys spp. 8  pH  11  3 

Source          DF              MS            F                      P 

Rep              5              0.006                    1.40              0.2240 

Isolate  (I)        7             1.073                     246.79                0.0000 

pH              10          179.595                 41298.3             0.0000 

I x pH      70            0.298                    68.50              0.0000 

Error          435                           0.004 

Coefficient of variance                                     1.79 

 32  factorial treatment effects  interactions 

Arthrobotrys spp. 8  pH  11  5 

Source          DF                      MS             F                                   P 

Rep              5              0.005        0.59             0.7103 

Isolate  (I)       7              1.141        142.51            0.0000 

pH              10            532.261     66464.0            0.0000 

I x pH      70             0.529       66.03             0.0000 

Error          435              0.008 

Total          527    

Coefficient of variance                                     1.39 
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 28 Arthrobotrys spp. 8  pH  11 

 3 

cm 

0

1

2

3

4

5

6

2 3 4 5 6 7 8 9 10 11 12

HNR  oli

Dong oli

HP oli

MH 01 

HNR con

Dong con

KKU

PD 01

pH
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 33  Arthrobotrys  spp. 8  pH  11 

 3  5 

 Arthrobotrys spp. ( .) 1

3  5 

A. oligospora A. conoides A. oligospora A. conoides 

pH
HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD

2 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

3 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

4 1.95 1.79 2.01 1.26 1.66 1.88 1.84 2.06 4.24 3.95 4.46 2.54 3.56 3.86 4.36 4.13 

5 3.79 4.43 4.25 3.80 4.26 3.86 3.66 4.01 7.36 8.24 8.06 7.49 7.67 7.82 7.35 7.25 

6 4.66 4.60 4.61 3.84 4.25 3.95 4.33 4.44 7.65 8.47 8.37 7.57 7.80 8.04 8.09 8.30 

7 4.67 5.05 4.85 4.76 5.02 4.72 4.96 4.89 8.34 8.64 8.55 8.34 8.07 8.48 8.41 8.50 

8 5.37 5.27 4.83 4.85 5.12 4.71 4.91 5.05 8.24 8.58 8.68 8.65 8.57 8.54 8.68 8.71 

9 5.01 5.14 5.23 5.04 5.09 5.22 5.34 4.34 9.00 9.00 8.76 8.73 8.72 8.70 8.66 7.39 

10 5.55 5.21 5.48 5.14 5.03 4.95 5.63 5.35 8.52 8.31 8.30 8.37 8.40 8.55 8.53 8.61 

11 5.15 5.12 5.45 5.06 5.24 4.96 5.78 5.10 8.59 8.48 8.37 8.41 8.47 8.50 8.49 8.60 

12 4.16 4.57 5.00 3.91 4.51 4.14 4.30 3.87 8.40 8.50 8.48 7.55 8.45 8.07 8.50 8.33 

LSD 0.01 0.098 0.133 

LSD 0.05 0.074 0.101 

CV.(%) 1.79 1.39 

1  6 
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 pH 

 34 (P=0.01)  pH  7  A. conoides  Dong con 

 146.43 ×104

 A. .oligospora  Dong oli  pH  9  140.33 ×104

 (P = 0.01)   A. oligospora  HP  pH  9

 123.60 ×104  A. conoides  HNR con  pH 7 

 120.56 ×104  pH 2  3 Arthrobotrys spp. 

 35 

 34  factorial treatment effects  interactions

Arthrobotrys spp. 8  pH  11  7 

Source          DF                           MS               F          P 

Rep              5             0.00515                       1.77                          0.1170 

Isolate  (I)        7                3.77707       1300.61            0.0000 

pH              10                              3.18380                     1096.32                   0.0000 

I x pH                   70                 0.19611                      67.53            0.0000 

Error          435                  0.00290 

Total          527    

Coefficient of variance                                     3.70 
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 35  Arthrobotrys spp. 8  pH  11 

 7 

Arthrobotrys  spp. (×104 ) 1 

A. oligospora A. conoides 

pH
HNR oli Dong oli HP MH HNR con Dong con KKU PD 

2 0.002

(1.00)3

0.002

(1.00)3

0.002

(1.00)3

0.002

(1.00)3

0.002

(1.00)3

0.002

(1.00)3

0.002

(1.00)3

0.002

(1.00)3

3 0.00 

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

0.00

(1.00)

4 10.40 

(1.30) 

16.03

(1.41) 

13.30

(1.36) 

0.90

(1.03) 

22.83

(1.50)

146.43

(1.55)

14.43

(1.38)

5.80

(1.19)

5 20.86 

(1.48) 

55.53

(1.81) 

21.26

(1.49) 

11.63

(1.33) 

60.06

(1.84)

67.36

(1.87)

 25.50 

(1.54)

8.56

(1.26)

6 9.76 

(1.29) 

103.83

(2.04) 

68.50

(1.89) 

7.56

(1.24) 

91.66

(2.00)

65.90

(1.54)

 7.00 

(1.22)

6.10

(1.20)

7 15.53 

(1.40) 

107.46

(2.06) 

58.46

(1.83) 

12.26

(1.33) 

120.56

(2.11)

146.43

(2.18)

32.56

(1.62)

4.86

(1.17)

8 8.56

(1.26) 

122.40

(2.11) 

62.50

(1.85) 

34.86

(1.64) 

102.40

(2.05)

67.36

(1.88)

 19.30 

(1.46)

4.76

(1.16)

9 15.30 

(1.40) 

140.33

(2.17) 

123.60

(2.11) 

23.50

(1.52) 

73.60

(1.91)

65.90

 (1.87) 

 26.53 

 (1.56) 

6.63

(1.22)

10 15.53 

(1.40) 

118.30

(2.10) 

59.96

(1.83) 

2.13

(1.08) 

65.66

(1.87)

31.53

(1.61)

3.46

(1.12)

5.80

(1.19)

11 18.13 

(1.44) 

98.96

(2.10) 

71.00

(1.90) 

5.36

(1.18) 

42.83

(1.72)

24.56

(1.53)

5.80

(1.19)

2.63

(1.10)

12 9.96 

(1.29) 

53.66

(2.03) 

22.03

(1.49) 

0.03

(1.00)

30.23

(1.60)

10.50

(1.30)

10.60

(1.30)

1.60

(1.06)

LSD 0.01 0.080

LSD 0.05 0.061

CV.(%) 3.70 

1  6 
2

3  log  10 
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 5.3 

Arthrobotrys spp.  8 

 (P=0.01)  36 

 37  12  12  24 

 3 A. conoides  KKU  PD  2.90 

 24  A. oligospora

 HNR oli  24  2.74  (P=0.01)

 5  KKU  12 

12  5.78 

KKU  24  5.57  (P=0.01)

 37 

 36  factorial treatment effects  interactions

Arthrobotrys spp. 8  3  3 

Source             DF                        MS               F                               P 

Rep                 5             0.0016          0.50                       0.7723 

Isolate  (I)                         7            2.4443       778.84                    0.0000 

Light  (L)              2            11.0346        3515.99                  0.0000 

I x L       14            4.3771       1394.70                  0.0000 

Error             115            0.0031 

Total             143    

Coefficient of variance                                     2.88 
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 37  factorial treatment effects  interactions

Arthrobotrys spp. 8  3  5 

Source             DF                          MS                 F                  P 

Rep                 5              0.0229           1.51                         0.1907 

Isolate  (I)                         7             6.8526        453.10                     0.0000 

Light  (L)              2             67.8686         4487.58                   0.0000 

I x L       14             1.7502       115.72                     0.0000 

Error             115             0.0151 

Total             143    

Coefficient of variance                                      2.76 

 38  Arthrobotrys spp. 8  3 

 3  5 

 Arthrobotrys spp. ( .) 1

3  5 

A. oligospora A. conoides A. oligospora A. conoides 

HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD

1.16 0.64 1.40 0.30 2.17 2.55 2.90 2.90 3.65 2.69 3.60 0.56 2.70 3.45 4.32 3.75 

 / 2.53 2.23 2.64 1.57 0.30 0.56 1.75 1.09 5.42 4.84 5.35 5.22 4.76 5.45 5.78 5.15 

2.74 2.36 2.68 2.43 2.06 2.29 2.66 2.65 5.42 5.07 5.27 3.96 4.56 5.20 5.57 5.25 

LSD 0.01 0.084 0.108 

LSD 0.05 0.064 0.081 

CV.(%) 2.88 2.76 

1  6 
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P=0.01 (  39)  12 

 12  24  A. 

conoides  Dong con  12  12 

 769.83 ×104  A. oligospora  HP 

 609.17 ×104  24 

 Dong con  24 

 427.17 ×104  24 

 (P=0.01)  40 

 39  factorial treatment effects  interactions 

 Arthrobotrys spp.  3  7 

Source             DF                        MS              F                                 P 

Rep                 5          0.00066         0.13             0.9847 

Isolate  (I)                         7              1.04310       209.42               0.0000 

Light  (L)                          2          3.41585       685.80           0.0000 

I x L       14          0.28163        56.54           0.0000 

Error             115          0.00498 

Total             143    

Coefficient of variance                                   4.84 
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 40  Arthrobotrys spp.  3 

 7 

Arthrobotrys spp. (×104 ) 1 

A. oligospora A. conoides 

HNR

oli

Dong

oli

HP MH HNR con Dong con KKU PD 

 37.002

(1.23) 3

9.672

(1.07) 3

17.672

(1.12) 3

0.502

(1.00) 3

34.332

(1.21) 3

20.502

(1.14) 3

68.672

(1.37) 3

2.502

(1.02) 3

 /  90.50 

(1.44)

252.00

(1.74)

254.67

(1.78)

15.33

(1.11)

204.17

(1.70)

769.83

(2.21)

120.83

(1.53)

37.17

(1.23)

 63.67 

(1.35)

271.67

(1.80)

609.17

(2.11)

15.50

(1.11)

348.17

(1.89)

427.17

(1.97)

85.83

(1.42)

57.33

(1.32)

LSD 0.01 0.106

LSD 0.05 0.080

CV.(%) 4.84 

1  6 
2

3  log  10 

6.  Arthrobotrys spp. Paecilomyces lilacinus

Trichoderma harzianum

Arthrobotrys spp.  P. lilacinus T.

harzianum  Arthrobotrys spp.

P. lilacinus  A. conoides  PD 

 7  41.66 

 (2538) P. lilacinus

Arthrobotrys spp. 

 41  29  30  Arthrobotrys spp.

 T. harzianum  7  2  T. harzianum

Arthrobotrys spp.  (  42  31 

 32)  Arthrobotrys spp.  T. harzianum 
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P. lilacinus T. harzianum P.

lilacinus  7  24.43 

 43  33  34 

 41  Arthrobotrys spp. 8 Paecilomyces

lilacinus

 (%) 1

- 3   5   7 

HNR  oli  26.90 d2  19.27 d2   25.00 c2

Dong oli         5.23   g         3.85   f 25.00 c 

HP oli 24.95 e 19.14 d 24.07 c A. oligospora

MH   20.58 f          9.51  e 25.92 c 

HNR con 32.73 c 26.09 c 40.27 a 

Dong con 35.81 b 26.73 c 35.09 b 

KKU 38.89 a 31.23 b 39.16 a A. conoides

PD  39.22 a 34.45 a 41.66 a 

LSD 0.01 1.875 1.270 3.838 

LSD 0.05 1.401 0.949 2.868 

CV.(%)                4.27               3.82               7.68 

1  6 
2

    least significant difference  99 % 
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 29 Arthrobotrys conoides

               (PD) Paecilomyces lilacinus

 30 Arthrobotrys sp.  

Paecilomyces lilacinus  acid-fuchsin  lactophenol 

 7 

                 A.  Arthrobotrys sp.(A) Paecilomyces lilacinus (P)

                 B. Arthrobotrys sp. (A)  Paecilomyces lilacinus (P) 

Arthrobotrys
(PD) 

dual culture P. lilacinus 

A

P
A× 400 B× 400

A
P
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 42  Arthrobotrys spp. 8 Trichoderma

harzianum

 (%) 1

- 3   5   7 

HNR  oli 36.36 d2  56.43 b2 63.60 d2

Dong oli  36.57 cd 56.58 b  63.72 cd 

HP oli         30.86 e 52.67 c         60.45 e A. oligospora

MH          43.34 b 52.67 c         67.59 b 

HNR con         46.08 a 63.09 a         69.16 a 

Dong con         45.24 ab 62.51 a   68.68 ab 

KKU         39.11 c 58.32 b 65.17 c A. conoides

PD         47.77 a 64.25 a 70.13 a 

LSD 0.01 2.707 1.882 1.552 

LSD 0.05 2.023 1.406 1.159 

CV.(%)            4.26           2.07           1.50 

1  6 
2

   least significant difference  99 % 



65

 31 Arthrobotrys oligospora

 (HNR oli) Trichoderma harzianum

 32 Arthrobotrys sp.  

Trichoderma harzianum  7 

 A.  Arthrobotrys sp. (A) Trichoderma harzianum  (T)    

 B.  Trichoderma harzianum  (T) Arthrobotrys sp. 

Trichoderma dual culture Arthrobotrys
(HNR oli) 

× 400
T

BA× 400

T

A
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 43 Paecilomyces lilacinus Trichoderma

harzianum

 (%) 

3   5   7 

1 0.00 14.06 26.03 

2 0.00 14.06 26.03 

3 3.70 12.47 23.29 

4 3.70 10.88 24.66 

5 3.70 14.06 23.29 

6 1.85 12.47 23.29 

 2.16 13.00 24.43 

 33 Paecilomyces lilacinus

Trichoderma harzianum

4

7

P. lilacinus dual Culture TrichoP. lilacinus dual culture Tricho

3

P. lilacinus dual Culture Tricho

5
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 34 Paecilomyces lilacinus

                 Trichoderma harzianum  7 

 A.  Paecilomyces lilacinus (P) Trichoderma

harzianum (T)

 B.  Paecilomyces lilacinus

     Trichoderma harzianum

 C.  Trichoderma harzianum

7.  2 

Arthrobotrys spp.  8 

 2 Meloidogyne sp. 

 10  3 

 A. conoides  Dong con  18.66 % 

 PD (10.33 %)  7  Dong con 

 2 Meloidogyne sp.  (64.00 %) 

A. oligospora  HNR oli (38.66 %) A. conoides  PD (28.33 %) A.

oligospora  Dong oli  (25.33 %)  44 

 35  A. 

conoides  PD 

C× 400A× 400

P

T

× 400 B
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 44  2  Meloidogyne sp.

Arthrobotrys spp. 8 

 2  (%) 1

- 3 5  7 

HNR  oli    8.00 ab2   17.00 bc2 38.66 b2

Dong oli 2.00 b 10.00 bc  25.33 bc 

HP oli 0.00 b          7.66 c         19.66 c A. oligospora

MH  0.00 b          5.00 c 21.33 c 

HNR con 0.66 b          9.66 bc 23.00 c 

Dong con   18.66 a          42.33 a 64.00 a 

KKU           1.00 b  13.00 bc 21.66 c A. conoides

PD     10.33 ab           20.33 b          28.33 bc 

LSD 0.01 16.436 16.975 19.935 

LSD 0.05 11.929 12.321 14.469 

CV.(%)  135.58 45.56 27.60 

1  3 
2

   least significant difference  95 %

 35 Arthrobotrys conoides  (PD) 

        A.  2  (J2 Me)

    B. 

  adhesive    
  networks 

× 400 B

J 2 Me

sticky nets 

A× 400 
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8. Arthrobotrys spp.

Meloidogyne sp. 

Arthrobotrys spp.  4 

 2  86  14 

 2.14 

 99 %  9  A. conoides

Dong con  200  5.10  6  A. 

oligospora  Dong oli  200  5.40  5 

A. oligospora  Dong oli  100  8.10 

 1  16 

P. lilacinus  19.40  (  2)  (  17) 

 36.20  (  3)  36  45

 6  Dong oli  200 

 59.30  9 

 Dong con  200  54.50 

 95%  3  A. oligospora  HNR oli  200 

 48.50  (  18) 

 50.20  17 

 2  11.60  (  45 

37)

 2 

 14  1.66  300 

 9  Dong con 200  10.66 

 12 A. conoides  PD  200  3 

 99 % 

 2  56.00 
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 36 

   Arthrobotrys spp. 4 

; T1 = HNR oli 50 g, T2 = HNR oli 100 g, T3 = HNR oli 200 g,

T4 = Dong oli 50 g, T5 = Dong oli 100 g, T6 = Dong oli 200 g, T7 = Dong con 50 g,

T8 = Dong con 100 g, T9 = Dong con 200 g, T10 = PD 50 g, T11 = PD 100 g,

T12 = PD 200 g, T13 = , T14 = , T15 = Trichoderma  harzianum,

T16 = Paecilomyces lilacinus, T17 = Infected soil, T18 = Autoclaved soil, T19 = Media 

T 1 T 13T 3 

T 14

T 15

T 16

T 4 

T 7 

T 10

T 8 T 9 

T 17

T 12

T 6 

T 2 

T 19

T 5 

T 11

T 18
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 45 

2 Meloidogyne sp. (J2) Arthrobotrys

spp. 4 

 ( )1  ( ) 1  J2 ( ) 2

1.HNR oli 50 g 20.20 b3 2   41.00 d-f3   38.33 b-d3

2. HNR oli 100 g  10.80 c-g 2 41.20 c-f 28.33 d-f 

3. HNR oli 200 g         9.50 d-g 1 48.50 b-d 23.66 e-i 

4. Dong oli 50 g 17.80 b-d 2 42.60 c-e 31.33 c-e 

5. Dong oli 100 g 8.40 e-h 1 45.50 b-e 24.33 e-i 

6. Dong oli 200 g 5.40 f-h 1 59.30 a 18.33 f-j 

7. Dong con 50 g 13.30 b-f 2 40.70 d-g 22.00 e-i 

8. Dong con 100 g 9.30 d-g 1 44.00 c-e 15.33 h-j 

9. Dong con 200 g 5.10 f-h 1 54.50 ab 10.66 jk 

10. PD 50 g 16.30 b-e 2 33.00 fg 25.66 e-h 

11. PD 100 g  14.70 b-e 2 37.10 e-g 17.00 g-j 

12. PD 200 g 10.50 c-g 2 44.60 c-e 14.33 ij 

13.  21.20 b 2 31.80 g 45.33 b 

14.  2.90 gh 1 21.70 h 1.66 kl 

15. T.  harzianum 13.40 b-g 2 14.00 hi 39.00 bc 

16. P. lilacinus   19.40 bc 2 11.00 i 27.33 e-g 

17. Infected soil 36.20 a 3 11.60 i 56.00 a 

18. Autoclaved soil 0.00 h 0 50.20 a-c 0.00 l 

19. Media 0.00 h 0 15.40 hi 0.00 l 

LSD 0.01 9.248  9.128 10.475 

LSD 0.05 7.008  6.917 7.820 

CV.(%) 64.35  21.65 20.49 

1  10 
2  3  2  300 
3

  least significant difference  99 % 
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 37

                Arthrobotrys spp. 4 

 45 

T1 = HNR oli 50 g, T2 = HNR oli 100 g, T3 = HNR oli 200 g 

 T4 = Dong oli 50 g, T5 = Dong oli 100 g, T6 = Dong oli 200 g 

 T7 = Dong con 50 g, T8 = Dong con 100 g, T9 = Dong con 200 g 

 T10 = PD 50 g, T11 = PD 100 g, T12 = PD 200 g, T13 = 

 T14 = , T15 = Trichoderma  harzianum,, T16 = Paecilomyces lilacinus

 T17 = Infected soil, T18 = Autoclaved soil, T19 = Media 

Arthrobotrys spp.  PDA  rose 

bengal  soil dilution plating technique 

T 18

T 7 

T 17

T 8 T 9 

T 4 T 5 

T 6 T 10

T 1

T 14T 11 T 12 

T 3 T 2 

T 13 T 15 

T 16 T 19
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9. Arthrobotrys spp. 

 (Meloidogyne sp.) 

9.1 Arthrobotrys oligospora

 (Dong oli) 

 (P=0.01)

 46 

A. oligospora  Dong oli 

 6  5  50%  20% 

10%  10%  10%  15 

3  1,014 ×104

 99 %  4 

 15  20%  20%  30%  20% 

 10%  60 ×104  5 

 2  20%  30%  

 20%  10%  20%  7 

 252 ×104  47

 46  factorial treatment effects interactions

Arthrobotrys oligospora  Dong oli 

Source       DF                     MS            F                                   P 

Rep           9          0.13649       1.48            0.1553 

Day  (D)         5          0.32835      3.56              0.0039 

Treatment  (T)                 4        8.12523     88.11                          0.0000 

D x T    20         0.35330      3.83              0.0000 

Error       261                       0.09222 

Total       299    

Coefficient of variance                                   14.20 
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 47  Arthrobotrys oligospora  Dong oli 

A. oligospora  Dong oli

 3  (×104 ) 1

5  7   9  11  13  15 

1 108.02

(1.18)3

186.02

(2.25)3

126.02

(2.02)3

102.02

(1.85)3

102.02

(2.02)3

96.02

(1.99)3

2 144.0 

(2.13)

252.0

(2.39)

120.0

(2.09)

84.0

(1.82)

72.0

(1.89)

78.0

(1.85)

3 84.0 

(1.88)

150.0

(2.07)

180.0

(2.23)

192.0

(2.28)

156.0

(2.17)

150.0

(2.15)

4 72.0 

(1.70)

90.0

(1.91)

72.0

(1.83)

66.0

(1.54)

66.0

(1.87)

60.0

(1.72)

5 258.0 

(2.40)

312.0

(2.48)

498.0

(2.69)

864.0

(2.93)

1008.0

(2.98)

1014.0

(2.99)

LSD 0.01 0.352

LSD 0.05 0.267

CV.(%) 14.20 

1  10 
2

3  log  10

9.2  Arthrobotrys oligospora  (Dong oli) 

A. conoides  (Dong con) 

Arthrobotrys spp.  2 

 99 % 

 6 A. conoides  300 

 2  81  23.75 (

 2)  61.58 

(  4)  1 

 A. oligospora  100  58.16  (
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 4) 

 99 %  6 A. conoides  300 

 72.16 

 2 

 6 A. conoides

300  4.33 300

 1 A. oligospora  100 

 37.33 

 7  65.66  3 

 99 %  48 

 48  2 

 ( J2 ) Arthrobotrys spp. 2

 3 

( ) 1 ( ) 1

 J2 

( ) 2

1. Dong oli 100 g   58.16 a3 4   64.98 ab3 37.33 b3

2. Dong oli 200 g 32.41 b 3 68.83 a 25.33 bc 

3. Dong oli 300 g 35.33 b 3 59.91 ab 16.66 cd 

4. Dong con 100 g 35.58 b 3 63.58 ab 9.66  de  

5. Dong con 200 g 36.83 b 3 67.75 a 8.66 de  

6. Dong con 300 g 23.75 b 2 72.16 a 4.33 de 

7. Infected soil 61.58 a 4 50.91 b 65.66 a 

8. Autoclaved soil 0.00 c 0 65.44 a 0.00 e 

LSD 0.01 17.176  13.394 15.208 

LSD 0.05 12.964  10.110 11.038 

CV.(%) 45.07  19.40 30.43 

1  12 
2  3  2  300 
3

   least significant difference  99 %
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 8 

 6 A. conoides  300  5 A.

conoides  200  3 A. oligospora  300 

 2 A. oligospora  200 

 99 %  18.20 20.22 19.13  18.93 

 18.65 

 7 

 17.97  8 

5.42  3.02  (P=0.01)  49 

 38

 49

Arthrobotrys spp. 2  3 

1  10 
2

   least significant difference  99 %

( .)1 ( .) 1 ( ) 1 ( ) 1

1. Dong oli 100 g   17.52 bc2  17.81 a2  4.49 ab2  2.41 a2

2. Dong oli 200 g 18.65 ab 17.74 a 4.44 ab 2.37 a 

3. Dong oli 300 g 18.93 ab 16.68 a          4.05 b 2.09 a 

4. Dong con 100 g 17.76 bc 16.68 a 4.29 ab 2.08 a 

5. Dong con 200 g 19.13 ab 15.79 a 4.31 ab 2.21 a 

6. Dong con 300 g 20.22 a 17.15 a 4.61 ab 2.56 a 

7. Infected soil 15.74 c 17.97 a 4.33 ab 2.29 a 

8. Autoclaved soil 18.20 ab 17.62 a 5.42 a 3.02 a 

LSD 0.01 2.454 2.737 1.229 0.950 

LSD 0.05 1.852 2.066 0.928 0.717 

CV.(%) 12.49 14.88 25.61 37.09 
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 38 Arthrobotrys spp. 2 

 3  40 

 T1 = Dong oli 100 g, T2 = Dong oli 200 g, T3 = Dong oli 300 g 

 T4 = Dong con 100 g, T5 = Dong con 200 g, T6 = Dong con 300 g 

 T7 = Infected soil, T8 = Autoclaved soil 

Arthrobotrys spp.  soil 

scattering method  2  30 

 5         A. 

oligospora  300 A. conoides

 5.33  3  95 %

 99 % 

 50  39

T 1 T 2 T 3T 1 

T 4 T 5 

T 2 

T 6 

T 3 T 8 

T 7 T 5T 4

T 8

T 7T 6

Autoclaved 
soil

Infected 
soil 

Dong con

100 g

Dong con

200 g

Dong con

300 g

Dong oli

100 g
Dong oli

200 g
Dong oli

300 g
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 50  Arthrobotrys spp. 2

 5 

( )1  J2 (%)1

1. Dong oli 100 g    5.66 (1.19) 2 a3   5.33 ab4

2. Dong oli 200 g 5.33 (1.17) a 5.00 ab 

3. Dong oli 300 g 5.33 (1.18) a 6.00 ab 

4. Dong con 100 g 4.00 (1.14) ab 3.66 bc 

5. Dong con 200 g 5.66 (1.19) a 4.66 ab 

6. Dong con 300 g 5.33 (1.18) a 7.66 a 

7. Infected soil 2.00 (1.07) b 0.33 c 

LSD 0.01 0.125 3.861 

LSD 0.05 0.090 2.782 

CV.(%) 4.42 34.04 

1  3  3 
2  log  10  
3

       least significant difference  95 % 
4

     least significant difference  99 % 
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 39 Arthrobotrys spp. 

Arthrobotrys  oligospora 

Arthrobotrys  conoides 

nematode

adhesive 
network  

A. oligospora
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 5 Aphelenchus  sp., Aphelenchoides  sp., 

Helicotylenchus  sp., Psilenchus  sp., Tylenchus  sp.  6 

Meloidogyne  sp.  (2541) 

Aphelenchoides spp., Criconemella spp., Ditylenchus spp.,

Helicotylenchus spp., Hirschmanniella spp., ,Hoplolaimus spp., Longidorus spp., Meloidogyne spp., 

Paratylenchus spp., Pratylenchus spp., Rotylenchulus spp., Scutellonema spp., Trichodorus spp., 

Tylenchorhynchus  spp.  Xiphinema  spp. 

 (Cadet et al., 2005)  Cadet  Thioulouse (1998) Meloidogyne

sp.

   Chen et al. (2004 ) 

 5 

 Wick (2002) 

  Helicotylenchus sp. 

Helicotylenchus sp. 

 McSorley (2003) 
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Rhabditis sp. 

Rhabditis sp.  505 

 Rhabditis sp.  2,805 

 Rhabditis sp. 

 7 Meloidogyne  sp. 

Arthrobotrys spp. 12 

mineral oil  18  17  8 

 PDA 

Arthrobotrys spp.  8    

 (2546)  Domsch et al. (1980) 

Kumur and Singh (2006)  CMA Arthrobotrys

dactyloides  (2544) 

 PDA  CMA  A. dactyloides
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CMA  PDA  PDA 

 United States Biological Inc. (2007) 

 CMA 

 (2544)  Arthrobotrys sp.

 PDA 

 Boonmee and Te-chato (2007) 

Arthrobotrys spp.

 ( , 2550) 

Arthrobotrys

spp.

 6-10 

Arthrobotrys spp.

Arthrobotrys spp. 

 25  30 

Duponnois (1995)  Gómez  et al. (2003a) A.

oligospora  25  30  (pH) 

 7  11  pH 

 9  7  9  Atkins (2007) 
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Duponnois (1995)  5.6 

 Domsch et al. (1980)  A. oligospora

 pH 5.5  

 Wang and McSorley (2005) 

 Lysek and  Nordbring-Hertz (2004) 

 10  14 

 12  12 

Arthrobotrys spp. Trichoderma harzianum Arthrobotrys spp. 

T. harzianum

T. harzianum Arthrobotrys spp. 

  Elad and Henis (1982)  T. harzianum

 (intracellular lytic enzymes) 

 viridin (Subramanian, 1983) Arthrobotrys spp. 

T. harzianum  T. harzianum

M. javanica

 (Siddiqui et al., 2001)  Arthrobotrys spp. 

Paecilomyces lilacinus

 P. lilacinus Arthrobotrys spp. 

 Arthrobotrys spp.  2 

 4  25 %  A. 

oligospora  (HNR oli)  (Dong oli) A. conoides

(Dong con)  (PD)  A. conoides

 2  48  Kanitkar and 
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Kanitkar (2003)  24 

 Subramanian (1983) 

 Heidrun et al. (1995) 

 linoleic  (primary nematotoxic compound) 

A. conoides A. oligospora

A. oligospora A.

conoides  200 

 2 

A. oligospora A. conoides 

 ( )

A. oligospora

 A. oligospora A. conoides 

A. oligospora  A. conoides

A. oligospora

 Duponnois et al. (1996) A.

oligospora Meloidogyne nlqutagueilsis

 Bordallo et al. (2002) A. oligospora

A. conoides  Stirling et al. (2005) 
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A. conoides

P. lilacinus

 ( , 2539) P.lilacinus

 2 

 P. lilacinus 

Arthrobotrys spp. 

 Kumur and Singh (2006) A. dactyloides

 2 

 5 

 A. oligospora 

 A. oligospora 

 2 

 2 

 2 

 15 

Arthrobotrys spp.

 3-5 

A. oligospora

 2 
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A. conoides A. oligospora  A. conoides  (Dong 

oli  Dong con) 

 ( )

 (2542) 

 Arthrobotrys spp. 

 A. conoides

 (Dong con)  300  600 

 81 
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. .

. .

.

.
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. 2542.
Trichoderma harzianum . 2 (Th-LARTC#2)

 (Capsicum anuum L.). 306-310. :
4 “

”. 27-29  2542. . , , .
. 2532. .

. 326 .
. 2544. Arthrobotrys  spp.

. , , .
 37 .

. 2538. 
.

 2538. 10 .
. 2546. .

, . ( ). 39 .
. 2547. 

Arthrobotrys spp. .
, , . 48 .

, ( ). 2542. .
, . ( ). 290 .

. 2547.  2546. 
. 402 .

. 2544. (Root galls)

 M. javanica .
 3060 3226  2544. 7 .

. 2546. (isolate) Arthrobotrys  sp.
.  3060 3358 

 2546. 15 .
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. 2550. “
Trichoderma spp. 

Fusarium wilt”. [ ].
http://griqua.doae.go.th/Plant%20%20Protection%20%20Conference/disease-

research/P-33.pdf (15  2550). 

. 2547.  (GAP)

. . ( ). 12 .
. 2544. . , . 144 .

. 2542. Meloidogyne incognita

 5 .  54. :
, ( ), .

. . 105 .
. 2547. .

. , , . 74 .
. 2532. Paecilomyces   

lilacinus (thom.) Samson  (M. incognita Chitwood, 1949)

. 8: 84-90.
. 2538. . , .

 275 .
. 2539. 

Paecilomyces lilacinus.  30(2):
175-184.

. 2541. : . , .
 204 .

. 2544. 
.  3060 0109 

 2544. 14 .
. ( ). . ( ).

. ( ).
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. 2544.  Arthrobotrys sp. 
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. 20 .
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 1  – . . 2548 

( )

( )

( ) (

)

(

)

(

)

(%)

 0.0 0.0 0.0 29.0 8.0 18.4 85.9 

 0.0 0.0 0.0 31.0 12.0 22.3 68.9 

 0.0 0.0 0.0 29.0 12.0 19.3 68.0 

 27.0 16.0 4.0 30.0 15.0 20.0 69.2 

 316.0 118.0 18.0 25.5 18.8 22.2 77.5 

 233.0 38.0 19.0 24.2 18.9 21.6 86.33 

 335.0 50.0 18.0 24.1 18.5 21.3 84.81 

 266.0 89.0 18.0 23.1 18.4 20.8 88.29 

 420.0 61.0 21.0 23.1 17.9 20.5 93.67 

 152.0 50.0 11.0 23.55 16.58 20.06 88.03 

 55.0 13.75 4.0 22.0 15.0 18.5 90.0 

 36.0 7.2 5.0 19.0 12.0 15.5 88.0 

 1840.0 443.0 118.0 303.6 183.1 240.5 988.6 

 153.33 36.91 9.83 25.30 15.26 20.04 82.39 
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 2 . . 2549

( )

 ( )  (%) 

( .)
 -  % 

1 0.0 28.5 0.0 4.0 21.0 9.0 7.38 11.0 10.0 1.0 86.0 

2 0.0 24.5 0.0 3.5 22.0 9.0 7.50 12.0 11.0 1.0 87.0 

3 0.0 21.0 0.0 3.8 22.0 9.0 7.40 10.0 10.0 0.0 93.0 

4 0.0 17.2 0.0 4.0 23.0 9.0 7.42 10.0 10.0 0.0 93.0 

5 0.0 13.2 0.0 5.2 24.0 9.0 7.45 10.0 9.0 1.0 86.0 

6 0.0 8.0 0.0 5.5 22.0 9.0 7.36 10.0 10.0 0.0 93.0 

7 0.0 2.5 40.0 2.5 22.0 13.0 7.51 15.0 14.0 1.0 88.0 

8 0.0 37.5 0.0 3.5 22.0 13.0 7.48 14.0 14.0 0.0 94.0 

9 0.0 34.0 0.0 2.5 21.0 11.0 7.54 14.0 14.0 0.0 94.0 

10 0.0 31.5 0.0 2.5 21.0 11.0 7.48 12.0 11.0 1.0 87.0 

11 0.0 29.0 0.0 4.0 22.0 10.0 7.36 12.0 12.0 0.0 93.0 

12 0.0 25.0 0.0 5.8 25.0 10.0 7.45 11.0 11.0 0.0 93.0 

13 0.0 19.2 0.0 6.2 25.0 9.0 7.45 11.0 11.0 0.0 93.0 

14 0.0 13.0 0.0 10.5 25.0 9.0 7.30 10.0 8.0 2.0 73.0 

15 0.0 2.5 40.0 4.5 22.0 8.0 7.45 10.0 9.0 1.0 86.0 

16 0.0 35.5 0.0 9.0 23.0 9.0 7.42 10.0 9.0 1.0 86.0 

17 0.0 26.5 0.0 6.0 24.0 9.0 7.45 17.0 11.0 0.0 93.0 

18 0.0 20.5 0.0 4.5 23.0 9.0 7.33 10.0 9.0 1.0 86.0 

19 0.0 16.0 0.0 5.5 22.0 10.0 7.48 11.0 10.0 1.0 86.0 

20 0.0 10.5 0.0 6.5 25.0 10.0 7.47 13.0 11.0 2.0 75.0 

21 0.0 4.2 40.0 5.8 25.0 9.0 7.48 11.0 10.0 1.0 86.0 

22 0.0 34.2 0.0 5.9 25.0 9.0 7.40 9.0 8.0 1.0 85.0 

23 0.0 28.3 0.0 4.8 22.0 10.0 7.47 11.0 10.0 1.0 86.0 

24 0.0 23.5 0.0 3.2 22.0 14.0 7.43 16.0 15.0 1.0 88.0 

25 0.0 20.3 0.0 2.8 22.0 11.0 7.30 15.5 14.5 1.0 88.0 

26 0.0 17.5 0.0 2.0 19.0 9.0 7.44 13.0 12.0 1.0 87.0 

27 0.0 15.5 0.0 3.0 20.0 9.0 7.45 11.0 10.5 1.5 80.0 

28 0.0 12.5 0.0 3.7 21.0 9.0 7.38 10.0 10.0 0.0 93.0 

29 0.0 8.8 0.0 4.8 21.0 10.0 7.5 10.0 10.0 0.0 93.0 

30 0.0 7.0 0.0 3.5 22.0 10.0 7.48 11.0 10.5 1.5 80.0 

31 0.0 0.5 40.0 4.0 23.0 10.0 7.48 11.0 10.5 1.5 80.0 

 0.0 587.9 160.0 143.0 698.0 305.0 230.49 361.5 335.0 23.5 2711.0 

0.0 18.96 5.16 4.61 23.0 10.0 7.43 12.0 11.0 1.0 87.0 
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 3 . . 2549 

( )

 ( )  (%) 

( .)
 -  % 

1 0.0 36.0 0.0 5.0 24.0 11.0 7.45 12.5 12.0 0.5 93.0 

2 0.0 31.0 0.0 6.0 25.0 11.0 7.50 14.0 12.5 2.5 71.0 

3 0.0 24.0 0.0 5.0 25.0 11.0 7.45 12.0 10.5 2.5 69.0 

4 0.0 19.0 0.0 4.5 22.0 13.0 7.48 14.5 14.0 0.5 94.0 

5 0.0 14.5 0.0 2.5 22.0 12.0 7.46 17.5 15.0 2.0 78.0 

6 0.0 12.0 0.0 2.5 21.0 11.0 7.48 14.0 14.0 0.0 94.0 

7 0.0 9.5 0.0 1.5 21.0 11.0 7.45 12.0 12.0 0.0 93.0 

8 0.0 8.0 0.0 2.0 21.0 11.0 7.46 12.0 12.0 0.0 93.0 

9 0.0 6.0 0.0 2.3 22.0 11.0 7.48 13.0 12.5 1.5 81.0 

10 0.0 3.7 0.0 2.7 21.0 11.0 7.45 12.0 12.0 0.0 93.0 

11 0.0 1.0 40.0 5.3 22.0 12.0 7.48 13.0 12.5 1.5 81.0 

12 0.0 34.7 0.0 5.2 23.0 13.0 7.50 16.5 12.0 4.0 57.0 

13 0.0 29.5 0.0 3.9 22.0 11.0 7.32 16.0 16.0 0.0 94.0 

14 0.0 25.6 0.0 10.1 24.0 11.0 7.45 12.0 10.5 2.5 69.0 

15 0.0 15.5 0.0 7.0 25.0 10.0 7.45 15.0 10.0 3.0 66.0 

16 0.0 8.5 0.0 8.3 25.0 10.0 7.48 12.0 10.0 2.0 74.0 

17 0.0 0.2 40.0 8.0 26.0 10.0 7.45 11.5 9.0 2.5 68.0 

18 0.0 32.0 0.0 7.5 25.0 12.0 7.47 15.0 14.0 1.0 94.0 

19 0.0 24.5 0.0 7.0 25.0 12.0 7.40 13.5 12.0 1.5 81.0 

20 0.0 17.5 0.0 6.5 25.0 13.0 7.45 13.5 12.5 1.0 93.0 

21 0.0 11.0 0.0 9.5 26.0 14.0 7.46 14.5 13.5 1.0 94.0 

22 0.0 1.5 0.0 10.7 26.0 13.0 7.40 15.0 14.0 1.0 94.0 

23 0.0 29.5 0.0 8.8 25.0 16.0 7.45 17.0 14.5 3.5 63.0 

24 0.0 20.5 0.0 10.0 25.0 15.0 7.47 19.0 17.5 2.5 74.0 

25 0.0 11.5 0.0 11.5 27.0 13.0 7.45 17.0 16.0 1.0 94.0 

26 0.0 0.0 40.0 9.0 26.0 13.0 7.48 14.0 12.0 2.0 76.0 

27 0.0 31.0 0.0 6.5 25.0 14.0 7.45 16.0 14.0 2.0 77.0 

28 0.0 24.5 0.0 5.3 26.0 14.0 7.41 16.0 14.0 2.0 77.0 

 0.0 482.2 120.0 174.1 672.0 339.0 208.68 400.0 360.5 43.5 2285.0 

0.0 17.22 4.28 6.21 24.0 12.0 7.0 14.0 13.0 2.0 82.0 
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 4 . . 2549

( )

 ( )  (%) 

( .)
 -  % 

1 0.0 19.2 0.0 6.1 25.0 15.0 7.45 15.0 14.0 1.0 88.0 

2 0.0 13.1 0.0 4.1 25.0 15.0 7.43 19.0 17.0 2.0 79.0 

3 0.0 9.0 0.0 7.0 26.0 16.0 7.50 17.0 16.0 1.0 78.0 

4 0.0 2.0 40.0 7.5 26.0 17.0 7.45 18.0 15.0 3.0 68.0 

5 0.0 32.5 0.0 6.5 27.0 15.0 7.40 18.0 16.0 2.0 78.0 

6 0.0 26.5 0.0 7.0 26.0 16.0 7.45 17.0 15.0 2.0 78.0 

7 0.0 19.5 0.0 7.5 27.0 16.0 7.45 18.0 16.0 2.0 78.0 

8 0.0 12.0 0.0 6.5 28.0 16.0 7.43 21.0 16.0 5.0 54.0 

9 0.0 5.5 40.0 7.0 28.0 16.0 7.45 17.0 15.0 2.0 78.0 

10 0.0 33.0 0.0 10.2 28.0 16.0 7.50 18.0 15.0 3.0 68.0 

11 0.0 22.8 0.0 11.3 30.0 17.0 7.45 17.0 15.0 2.0 78.0 

12 0.0 11.5 0.0 11.5 28.0 21.0 7.45 22.0 16.0 6.0 48.0 

13 0.0 0.0 40.0 7.5 30.0 20.0 7.50 22.0 16.0 6.0 48.0 

14 0.0 32.5 0.0 9.7 29.0 16.0 7.36 22.0 16.0 6.0 48.0 

15 0.0 23.8 0.0 4.1 27.0 14.0 7.48 19.0 19.0 0.0 94.0 

16 0.0 19.7 0.0 10.7 26.0 15.0 7.42 16.0 15.0 1.0 88.0 

17 0.0 9.0 0.0 9.0 28.0 20.0 7.50 22.0 15.0 7.0 42.0 

18 0.0 0.0 40.0 9.0 28.0 15.0 7.48 21.0 16.0 5.0 54.0 

19 0.0 31.0 0.0 7.5 29.0 17.0 7.52 18.0 15.0 3.0 68.0 

20 0.0 23.5 0.0 6.5 28.0 16.0 7.42 21.0 17.0 4.0 62.0 

21 0.0 17.0 0.0 11.0 28.0 17.0 7.50 18.0 16.0 2.0 78.0 

22 0.0 6.0 40.0 12.5 28.0 17.0 7.48 20.0 17.0 3.0 70.0 

23 0.0 27.5 0.0 10.0 28.0 16.0 7.43 17.0 14.0 3.0 68.0 

24 0.0 17.5 0.0 8.0 27.0 16.0 7.45 17.0 15.0 2.0 78.0 

25 0.0 9.5 0.0 9.0 29.0 15.0 7.40 18.0 15.0 3.0 68.0 

26 0.0 0.5 40.0 12.8 29.0 17.0 7.45 17.0 14.0 3.0 68.0 

27 0.0 27.2 0.0 10.7 29.0 18.0 7.42 19.0 17.0 2.0 79.0 

28 0.0 16.5 0.0 7.0 30.0 17.0 7.46 20.0 17.0 3.0 70.0 

29 13.0 9.5 0.0 5.0 29.0 16.0 7.43 20.0 18.0 2.0 79.0 

30 0.0 4.5 40.0 3.4 22.0 14.0 7.48 17.0 16.0 1.0 88.0 

 13.0 518.4 280.0 248.2 849.0 506.0 231.07 576.0 488.0 88.0 2211.0 

1.0 16.72 9.03 8.0 27.0 16.0 7.45 19.0 16.0 3.0 71.0 
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 5 . . 2549 

( )

 ( )  (%) 

( .)
 - %

1 0.0 34.0 0.0 4.0 24.0 14.0 7.48 17.0 15.0 2.0 78.0 

2 0.0 30.0 0.0 5.0 26.0 15.0 7.42 16.0 15.0 1.0 88.0 

3 0.0 25.0 0.0 6.5 27.0 14.0 7.49 17.0 15.0 2.0 78.0 

4 0.0 18.50 0.0 5.7 27.0 14.0 7.46 19.0 17.0 2.0 79.0 

5 0.0 12.80 0.0 11.2 28.0 17.0 7.43 16.0 15.0 1.0 88.0 

6 0.0 16.0 40.0 12.0 29.0 20.0 7.45 22.0 16.0 6.0 48.0 

7 0.0 28.0 0.0 9.3 29.0 17.0 7.48 24.0 18.0 6.0 50.0 

8 16.0 19.5 0.0 3.8 28.0 17.0 7.46 23.0 19.0 4.0 63.0 

9 14.5 15.7 0.0 7.2 26.0 19.0 7.45 20.0 19.0 1.0 89.0 

10 0.0 8.5 0.0 8.5 29.0 21.0 7.42 22.0 18.0 4.0 63.0 

11 0.0 0.0 40.0 12.2 31.0 21.0 7.40 23.0 18.0 5.0 56.0 

12 0.0 27.8 0.0 7.2 30.0 19.0 7.41 23.0 19.0 4.0 63.0 

13 0.0 20.6 0.0 5.4 29.0 19.0 7.38 21.0 19.0 2.0 80.0 

14 0.0 15.2 0.0 6.0 31.0 19.0 7.37 19.0 18.0 1.0 89.0 

15 0.0 9.2 0.0 6.2 27.0 18.0 7.38 19.0 18.0 1.0 89.0 

16 0.0 3.0 40.0 1.7 24.0 16.0 7.52 19.0 18.0 1.0 89.0 

17 0.0 38.3 0.0 2.3 24.0 18.0 7.46 19.0 18.0 1.0 89.0 

18 0.0 36.0 0.0 2.5 26.0 18.0 7.51 20.0 19.0 1.0 89.0 

19 136.0 33.5 0.0 1.5 24.0 15.0 7.56 20.0 19.0 1.0 89.0 

20 0.0 32.0 0.0 2.8 24.0 17.0 7.55 18.0 18.0 0.0 94.0 

21 2.0 29.2 0.0 4.8 27.0 18.0 7.52 20.0 19.0 1.0 89.0 

22 0.0 24.4 40.0 4.4 27.0 18.0 7.46 21.0 20.0 1.0 89.0 

23 0.0 20.0 0.0 5.5 28.0 18.0 7.41 21.0 19.0 2.0 80.0 

24 0.0 14.5 0.0 5.0 27.0 18.0 7.40 20.0 19.0 1.0 89.0 

25 0.0 9.5 0.0 3.3 26.0 17.0 7.42 21.0 20.0 1.0 89.0 

26 0.0 6.2 0.0 2.7 25.0 19.0 7.40 21.0 20.0 1.0 89.0 

27 22.0 3.5 40.0 2.6 25.0 18.0 7.45 21.0 20.0 1.0 89.0 

28 45.0 37.4 0.0 1.6 22.0 16.0 7.48 19.0 18.0 1.0 89.0 

29 16.0 35.8 0.0 0.3 19.0 16.0 7.52 17.0 17.0 0.0 94.0 

30 0.0 35.5 40.0 3.0 24.0 16.0 7.56 18.0 18.0 0.0 94.0 

 251.0 639.6 160.0 154.2 793.0 522.0 223.7 596.0 541.0 55.0 2442.0 

8.38 21.32 5.33 5.14 26.43 17.4 7.46 19.87 18.03 1.83 81.4 
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 6 . . 2549 

( )

 ( )  (%)

( .)
 - %

1 0.0 32.5 0.0 4.0 24.0 17.0 7.40 19.0 18.0 1.0 89.0 

2 11.0 28.5 0.0 3.2 25.0 18.0 7.46 21.0 19.0 2.0 80.0 

3 5.0 25.3 0.0 4.8 26.0 19.0 7.38 22.0 19.0 3.0 71.0 

4 0.0 20.5 0.0 5.3 27.0 19.0 7.36 22.0 19.0 2.0 80.0 

5 0.0 15.2 0.0 6.2 28.0 19.0 7.45 22.0 20.0 2.0 80.0 

6 0.0 9.0 0.0 5.5 28.0 19.0 7.52 22.0 20.0 2.0 80.0 

7 0.0 3.5 40.0 4.9 27.0 18.0 7.36 21.0 20.0 1.0 89.0 

8 6.0 35.1 0.0 2.6 25.0 17.0 7.48 21.0 20.0 1.0 89.0 

9 42.0 32.5 0.0 1.9 25.0 18.0 7.41 20.0 19.0 1.0 89.0 

10 3.0 30.6 0.0 3.0 25.0 19.0 7.36 20.0 19.0 1.0 89.0 

11 19.0 27.6 0.0 2.4 25.0 18.0 7.48 20.0 19.0 1.0 89.0 

12 0.0 25.2 0.0 4.7 26.0 17.0 7.45 20.0 19.0 1.0 89.0 

13 0.0 20.5 0.0 4.0 27.0 18.0 7.38 20.0 19.0 1.0 89.0 

14 74.0 16.5 0.0 1.5 23.0 14.0 7.36 21.0 20.0 1.0 89.0 

15 6.0 15.0 0.0 0.5 16.0 13.0 7.43 15.0 15.0 0.0 94.0 

16 5.0 14.5 0.0 0.7 16.0 13.0 7.47 14.0 14.0 0.0 94.0 

17 2.0 13.8 0.0 1.2 18.0 16.0 7.46 17.0 16.0 1.0 88.0 

18 10.0 12.6 0.0 0.5 18.0 15.0 7.49 17.0 17.0 0.0 94.0 

19 0.0 12.1 0.0 2.9 22.0 15.0 7.35 18.0 18.0 0.0 94.0 

20 0.0 9.2 0.0 2.6 21.0 17.0 7.41 18.0 17.0 1.0 89.0 

21 20.0 6.6 0.0 1.0 20.0 17.0 7.30 19.0 18.0 1.0 89.0 

22 4.0 5.6 0.0 1.6 23.0 18.0 7.48 18.0 18.0 0.0 94.0 

23 21.0 4.0 0.0 1.5 23.0 18.0 7.46 19.0 19.0 0.0 94.0 

24 43.0 2.5 40.0 1.2 20.0 18.0 7.52 19.0 18.0 1.0 89.0 

25 0.0 38.8 0.0 1.2 21.0 16.0 7.53 18.0 18.0 - - 

26 19.0 37.6 0.0 2.7 24.0 17.0 7.40 19.0 18.0 - - 

27 0.0 34.9 0.0 3.9 25.0 19.0 7.42 21.0 20.0 - - 

28 0.0 31.0 0.0 3.5 25.0 19.0 7.47 21.0 20.0 - - 

29 0.0 27.5 0.0 3.5 25.0 19.0 7.49 21.0 19.0 - - 

30 2.0 24.0 0.0 3.7 24.0 19.0 7.42 20.0 19.0 - - 

31 5.0 20.3 0.0 3.1 24.0 19.0 7.45 20.0 19.0 - - 

 297.0 632.5 80.0 89.3 726.0 503.0 230.4 605.0 573.0 24.0 2111.0 

9.58 20.40 2.58 2.88 30.25 16.22 9.6 19.51 18.48 1.0 87.96 
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 7 . . 2549 

( )

 ( )  (%) 

( .)
 - %

1 3.0 17.2  0.0 3.0 25.0 19.0 7.48 20.0 19.0 - - 

2 34.0 14.2  0.0 2.0 23.0 17.0 7.4 20.0 19.0 - - 

3 4.0 12.2  0.0 2.2 22.0 19.0 7.38 19.0 18.0 - - 

4 1.0 10.0  0.0 3.0 24.0 18.0 7.43 19.0 19.0 - - 

5 9.0 7.0  0.0 3.8 23.0 19.0 7.46 20.0 19.0 - - 

6  0.0 3.2 40.0 3.2 24.0 19.0 7.4 20.0 19.0 - - 

7 0.0 36.8  0.0 4.6 25.0 19.0 7.38 20.0 19.0 - - 

8 0.0 32.2  0.0 3.1 25.0 19.0 7.4 21.0 19.0 - - 

9 0.0 29.1  0.0 4.1 25.0 19.0 7.44 20.0 19.0 - - 

10 0.0 25.0  0.0 3.9 25.0 19.0 7.36 21.0 19.0 - - 

11 2.0 21.1  0.0 3.6 25.0 19.0 7.46 20.0 19.0 - - 

12  0.0  17.5  0.0 5.3 26.0 20.0 7.38 21.0 19.0 - - 

13 8.0 12.2  0.0 4.7 26.0 20.0 7.35 21.0 20.0 - - 

14 1.0 7.5  0.0 2.8 26.0 20.0 7.42 22.0 20.0 - - 

15  0.0  4.7  0.0 3.4 26.0 20.0 7.4 21.0 20.0 - - 

16  0.0  1.3 40.0 2.7 26.0 19.0 7.38 22.0 21.0 - - 

17 12.0 37.3  0.0 1.5 25.0 19.0 7.39 21.0 20.0 - - 

18  0.0  35.8  0.0 2.8 26.0 18.0 7.43 21.0 21.0 - - 

19 51.0 33.0  0.0 2.0 23.0 19.0 7.52 20.0 20.0 - - 

20 14.0 31.0  0.0 1.5 23.0 19.0 7.48 20.0 19.0 - - 

21 14.0 29.5  0.0 0.9 22.0 19.0 7.4 20.0 20.0 - - 

22  0.0 28.6  0.0 2.6 23.0 18.0 7.51 20.0 20.0 - - 

23 5.0 26.0  0.0 1.5 23.0 19.0 7.5 20.0 19.0 - - 

24 31.0 24.5  0.0 1.9 24.0 19.0 7.48 20.0 20.0 - - 

25 5.0 22.6  0.0 3.4 25.0 19.0 7.45 20.0 20.0 - - 

26 8.0 19.2  0.0 2.7 25.0 19.0 7.47 20.0 19.0 - - 

27  0.0 16.5  0.0 3.0 25.0 18.0 7.52 21.0 20.0 - - 

28  0.0 13.5  0.0 2.3 24.0 19.0 7.48 20.0 19.0 - - 

29  0.0 11.2  0.0 3.5 24.0 20.0 7.52 21.0 19.0 - - 

30  0.0 7.7  0.0   0.0  0.0  0.0 7.48 22.0 20.0 - - 

 202 587.6 80 85 708 550 223.15 613 584 - - 

6.73 19.59 2.67 2.83 23.60 18.33 7.44 20.43 19.47 - - 
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 8  factorial treatment effects  interactions

Arthrobotrys spp. 8  8  7 

Source                    DF                                  MS                                  F                            P

Rep                      5               0.00060                             0.96                       0.4413 

Media  (M)                 7                            0.72114                           1155.55        0.0000 

Isolate  (I)                7              1.57860                             1160.25                    0.0000 

M x I            49               0.52867                            847.13                   0.0000 

Error                                315               0.00062 

Total                                383   

Coefficient of variance                                       0.28 

 9  factorial treatment effects  interactions

Arthrobotrys spp. 8  8  7 

Source                  DF                             MS                                    F              P 

Rep                      5                0.00131                             0.49                      0.7850 

Media  (M)             7                             3.15167                           1172.42       0.0000 

Isolate  (I)               7               1.12435                             418.26                      0.0000 

M x I            49                0.90611                            337.08                   0.0000 

Error                                315                0.00269 

Total                                383   

Coefficient of variance                                        0.58 
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 10   Arthrobotrys spp. 8  8 

7

 Arthrobotrys spp. ( .) 1

A. oligospora A. conoides A. oligospora A. conoides 

HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD HNR 

oli

Dong

oli

HP MH HNR 

con

Dong

con

KKU PD

9.00 9.00 9.00 9.00 9.00 9.00 9.00 7.27 9.00 9.00 8.78 9.00 9.00 8.71 9.00 9.00 

9.00 9.00 9.00 9.00 9.00 9.00 9.00 8.66 9.00 9.00 9.00 9.00 8.50 9.00 9.00 7.73 

9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

9.00 9.00 9.00 9.00 9.00 9.00 9.00 8.73 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

9.00 9.00 9.00 9.00 7.90 7.60 8.85 9.00 8.80 9.00 9.00 6.95 9.00 6.65 9.00 7.70 

9.00 9.00 9.00 9.00 9.00 9.00 9.00 8.65 9.00 9.00 9.00 9.00 9.00 9.00 9.00 8.76 

9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

LSD 0.01 0.037 0.077 

LSD 0.05 0.028 0.058 

CV.(%) 0.28 0.58 

1  6 
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 11  factorial treatment effects  interactions

 Arthrobotrys spp. 8  6  7 

Source           DF                                 MS                  F                    P 

Rep               5                 0.001             0.26     0.9326 

Isolate  (I)         7                 0.935           214.95                  0.0000 

Temperature  (T)    5              468.359           107719    0.0000 

I x T       35                0.938           215.84                  0.0000 

Error           235                 0.004 

Total           287    

Coefficient of variance                                        1.85 

 12  Arthrobotrys spp.  8  6  7 

 Arthrobotrys spp. ( .) 1

A. oligospora A. conoides 
(°C) HNR oli Dong oli HP MH HNR 

con

Dong

con

KKU PD 

10  1.59 2.46 2.12 2.07 1.88 2.04 1.75 1.92 

20  5.47 4.22 5.62 4.30 5.15 4.73 4.66 4.67 

25  6.11 7.50 7.66 7.69 7.09 7.53 7.58 7.58 

30  6.46 6.62 7.33 6.66 6.23 6.06 7.36 5.75 

35  0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

40  0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

LSD 0.01 0.098

LSD 0.05 0.075

CV.(%) 1.85 

1  6 
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 13  factorial treatment effects  interactions

 Arthrobotrys spp. 8  pH  11  7 

Source          DF                           MS                                 F              P 

Rep              5               0.001             1.21     0.3012 

Isolate   (I)       7               0.387            555.71     0.0000 

pH              10               588.170            844806     0.0000 

I x pH      70               0.370            531.87     0.0000 

Error          435               0.001 

Total          527    

Coefficient of variance                                         0.37 

 14   Arthrobotrys spp.  8  pH  11  7 

 Arthrobotrys spp. ( .) 1

A. oligospora A. conoides 

pH
HNR oli Dong oli HP MH HNR 

con

Dong

con

KKU PD 

2 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

3 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

4 6.18 5.78 6.38 4.00 5.58 6.14 6.35 5.95 

5 9.00 9.00 9.00 9.00 9.00 9.00 9.00 8.51 

6 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

7 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

8 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

9 9.00 9.00 9.00 9.00 9.00 9.00 9.00 8.36 

10 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

11 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

12 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 

LSD 0.01 0.039

LSD 0.05 0.029

CV.(%) 0.37 

1  6 



110

 15  factorial treatment effects  interactions

 Arthrobotrys spp.  8  3  7 

Source             DF                           MS                   F             P 

Rep                 5                0.013            2.11                   0.0687 

Isolate  (I)                         7              11.909         1963.34                   0.0000 

Light  (L)                          2              122.550         20203.4                   0.0000 

I x L       14              6.638                      1094.40                   0.0000 

Error             115                0.006 

Total             143    

Coefficient of variance                                        1.21 

 16  Arthrobotrys spp. 8  3  7 

 Arthrobotrys spp. ( .) 1

A. oligospora A. conoides 

HNR oli Dong oli HP MH HNR 

con

Dong

con

KKU PD 

 6.10 4.18 6.09 0.57 3.76 4.59 6.71 4.60 

/  7.20 7.39 7.75 7.75 6.99 7.64 7.55 6.80 

 7.31 7.72 7.88 6.21 6.72 7.82 7.65 7.10 

LSD 0.01 0.117

LSD 0.05 0.089

CV.(%) 1.21 

1  6 



111

 17  CRD  Arthrobotrys spp.

8 Paecilomyces lilacinus  3 

Source      DF             MS                              F              P 

Isolate      7              758.507              526     0.0000 

Error        40                1.442 

Total        47    

Coefficient of variance                                            4.27 

 18  CRD  Arthrobotrys spp.

8 Paecilomyces lilacinus  5 

Source      DF                     MS                  F              P 

Isolate      7              665.124             1005     0.0000 

Error        40                0.662 

Total        47    

Coefficient of variance                                            3.82 

 19  CRD  Arthrobotrys spp.

8 Paecilomyces lilacinus  7 

Source      DF                           MS                 F             P 

Isolate      7              360.509             59.7    0.0000 

Error                    40               6.044 

Total                    47    

Coefficient of variance                              7.68 
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 20  CRD  Arthrobotrys spp.

8 Trichoderma harzianum  3 

Source      DF                    MS                  F             P 

Isolate      7              207.240             68.9     0.0000 

Error        40               3.008 

Total        47    

Coefficient of variance                                        4.26 

 21  CRD  Arthrobotrys spp.

8 Trichoderma  harzianum  5 

Source      DF                    MS                 F             P 

Isolate      7             125.067            86.0     0.0000 

Error        40              1.454 

Total        47    

Coefficient of variance                                       2.07 

 22  CRD  Arthrobotrys spp.

8 Trichoderma  harzianum  7 

Source      DF                         MS                  F              P 

Isolate      7             67.8416             68.7                  0.0000 

Error        40              0.9879 

Total        47    

Coefficient of variance                                       1.50 
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 23  CRD  2 

Meloidogyne sp. Arthrobotrys spp.  8  3 

Source      DF                        MS                    F                          P 

Isolate     7                36.262               2.87     0.0383 

Error        16                47.500 

Total        23    

Coefficient of variance                                         135.58 

 24  CRD  2 

Meloidogyne sp. Arthrobotrys spp. 8  5 

Source      DF                          MS                   F              P 

Isolate      7             423.280               8.35     0.0002 

Error        16              50.667 

Total        23     

Coefficient of variance                                       45.56 

 25  CRD  2 

Meloidogyne sp. Arthrobotrys spp. 8  7 

Source      DF                       MS                 F              P 

Isolate      7              665.280             9.52     0.0001 

Error        16              69.875 

Total        23    

Coefficient of variance                                        27.60 
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 26   CRD 

Arthrobotrys spp. 4 

Source     DF                             MS                   F                   P 

Treatment  18               677.105              30.2     0.0000 

Error       38                 22.386 

Total       56    

Coefficient of variance                                         20.49 

 27  CRD 

Arthrobotrys spp. 4 

Source      DF                         MS                 F             P 

Treatment  18            747.425            11.9                 0.0000 

Error       171            63.022 

Total       189    

Coefficient of variance                                      64.35 

 28  CRD  J2 

Arthrobotrys spp. 4 

Source      DF                        MS                 F              P 

Treatment  18            2194.04            35.7     0.0000 

Error       171            61.40 

Total       189    

Coefficient of variance                                      21.65 
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 29  CRD 

Arthrobotrys spp. 2  3 

Source     DF                         MS                     F             P 

Treatment  7              4463.55            17.5     0.0000 

Error      88              255.35 

Total       95    

Coefficient of variance                                         45.07 

 30  CRD 

Arthrobotrys spp. 2  3 

Source     DF                     MS             F             P 

Treatment  7          525.844        3.39      0.0030 

Error       88          155.279 

Total       95 

Coefficient of variance                                    19.40 

 31  CRD  2 

 ( J2 ) Arthrobotrys spp. 2 

 3 

Source     DF                         MS                F              P 

Treatment  7            1413.76          34.8     0.0000 

Error       16             40.67 

Total      23    

Coefficient of variance                                     30.43 

 32  CRD 

Arthrobotrys spp. 2  3 
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Source     DF                         MS                F              P 

Treatment  7            21.1932           4.07     0.0007 

Error       88           5.2124 

Total       95    

Coefficient of variance                                      12.49 

 33  CRD 

Arthrobotrys spp. 2  3 

Source     DF                           MS                F              P 

Treatment  7            6.61786           1.02     0.4228 

Error       88            6.48646 

Total       95 

Coefficient of variance                                      14.88 

 34  CRD 

Arthrobotrys spp. 2  3 

Source     DF                          MS               F              P 

Treatment  7           2.10432          1.61    0.1435 

Error      88           1.30831 

Total       95 

Coefficient of variance                                     25.61 
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 35  CRD 

Arthrobotrys spp. 2  3 

Source     DF                           MS                 F              P 

Treatment  7            1.11408         1.42     0.2055 

Error       88            0.78194 

Total       95 

Coefficient of variance                                      37.09 

 36  CRD Arthrobotrys spp.

 log  10 

Source     DF                            MS                   F              P 

Treatment  6              0.00522              1.96     0.1396 

Error       14              0.00266 

Total       20    

Coefficient of variance                                        4.42

 37  CRD 

 J2 

Source     DF                             MS                  F              P 

Treatment  6               15.5556             6.16     0.0025 

Error       14               2.5238 

Total       20     

Coefficient of variance                                        34.04 
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 WA (water agar) 
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 PDA (potato dextrose agar) 
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.

 (6  ×5,000 )  30,000  

(6  ×5,000 )       30,000

         1,000

61,000

.

 (10  ×250 )     2,500

.

 (  )   

-  20         2,600  

-  35          1,575  

-  12           480  

-                80  

-  3                75  

-  1             130  

-  3           2,100  

-                550  

-  ( )      1,000  

-        3,500

12,090

 -      9         7,000  

      ( )

-                                   1,100

    8,100 
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-  3                     825  

-   3           1,800  

-  ( plate )      1,700  

-   counter                 500  

-                500  

-                100

      5,425 

           89,500  

89,115

                  385  


