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ABSTRACT: The efficiency of 4 commercial products of antagonistic fungi, Product 1 (Beauveria
bassiana), Product 2 (Paecilomyces lilacinus), Product 3 (Metarhizium anisopliae) and Product 4
(Trichoderma harzianum) on control root—knot nematode (RKN, Meloidogyne incognita) of cassava
variety Rayong 9 was investigated under greenhouse condition in comparison to using nematicide
(carbosulfan) and no use of the products or nematicide but inoculation with RKN egg suspension
(control 1) and untreated cassava (control 2). Two experiments were conducted in the rainy season (June
27" — August 1212018, 21-35.5 °C, 88-96 % R.H.) and cool season (November 23 2018 — January
7" 2019, 17-35.7 °C, 80-96 % R.H.). The commercial products of antagonistic fungi were applied
using recommendation rates to the cassava plants in pots, 1 plant/pot. After 7, 5, 3 and 0 days of fungal
application, the RKN egg suspension was infested in the potting soil. The experiments were carried out
in a greenhouse for 2 seasons, each experiment comprised 19 treatments, 4 replications (pots). After 45
days of RKN inoculation, cassava plants were determined and evaluated on nematode parameter, the
number of eggs per root system (main criteria for assessing severity) number of eggs per gram root and
number of female adults per gram root, including growth parameter, (plant height, shoot and root fresh
weight). The result from 2 seasons, rainy season (June 27" — August 12" 2018, 21-35.5 °C, 88-96%
R.H.) and cool season (November 23" 2018-January7"2019,17-35.7 °C, 80-96% R.H.) showed that
the use of 7. harzianum 7 days before inoculation, gave the best result, compared to other antagonistic
fungi used for control root-knot nematodes with the number of egg masses per root system of 21.05
and 116.64 egg masses, respectively, which were not significantly different to the use of carbosulfan
with the lowest value (20.87 and 97.14 egg masses, respectively). It also reduced number of eggs per
root system 89.67 and 93.92, respectively. The results on growth evaluation of cassava plants, shoot
height, shoot and root fresh weight, and root fresh weight obtained from 2 seasons showed that shoot
height of control 1 was the minimum height, while more — the most of shoot height, and shoot and
root fresh weight were obtained from the application of M. anisopliae in different treatments, whereas
the control 1 was in the group of low — the lowest values of shoot and root fresh weight. The result of
this study indicated that the antagonistic fungus of commercial product 7. harzianum can be applied
efficiently comparable with carbosulfan to control RKN in cassava under this greenhouse condition.
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Table 1 Efficiency of commercial products of antagonistic fungi on the infection and growth parameters of cassava plants
infected with Meloidogyne incognita tested in rainy season (June 27" — August 12" 2018).

E Root Reduction
99 Shoot Shoot and
masses/ Eggs/g Female fresh of egg
Treatment adults/g height root fresh
root root root . weight masses
system (cm) weight (g)
(9) (%)
1. Product 1(7 days) + RKN eggs 28.59 cd 59.49 bed 10.00 cde 15.50 ef 129.70 cd 4.84 bcd 85.97
2. Product 2 (7 days) + RKN eggs 38.63 bcd 47.57 cd 10.88 bed 18.50 bed 168.44 abc  6.31 abc 81.05
3. Product 3 (7 days) + RKN eggs 52.18 bc 4713 cd 13.63 b 18.75 bed 181.00 ab 6.80 ab 744
4. Product 4 (7 days) + RKN eggs 21.05de 15.88 ef 4.25f 17.75 201.24 a 7.68 a 89.67
bcde
5. Product 1 (5 days) + RKN eggs 23.67 de 48.89 cd 8.38 de 16.38 def 112.89d 4.39 cd 88.39
6. Product 2 (5 days) + RKN eggs 31.47 cd 84.22b 12.25 bc 20.25 ab 120.57 cd 3.64d 84.56
7. Product 3 (5 days) + RKN eggs 21.80 de 69.40 bc 8.13 de 20.00 abc 112.23d 3.82d 89.30
8. Product 4 (5 days) + RKN eggs 37.66 bed 68.97 bc 12.50 bc 17.25 cdef  139.40 bcd  4.53 bed 81.52
9. Product 1 (3 days) + RKN eggs 45.83 bed 84.74 b 12.88 bc 17.25 cdef ~ 134.59 bcd  4.63 bed 77.51
10. Product 2 (3 days) + RKN eggs 61.88b 57.14 bed 13.13 b 18.00 150.08 bcd  6.66 abc 69.64
bcde
11. Product 3 (3 days) + RKN eggs 29.75 cd 55.60 bcd 10.88 bcd 18.50 bed 132.30 cd 5.15 bed 85.40
12. Product 4 (3 days) + RKN eggs 40.10 bed 65.48 bc 10.88 bcd 19.25 bc 14526 bcd  4.67 bcd 80.33
13. Product 1 (0 day) + RKN eggs 37.85 bcd 68.75 bc 8.63 de 17.88 132.21 cd 4.75 bed 81.43
bcde
14. Product 2 (0 day) + RKN eggs 42.83 bed 67.75 bc 10.75 bed 20.50 ab 126.96 cd 4.99 bed 78.99
15. Product 3 (0 day) + RKN eggs 26.29 cd 46.35 cd 7.63e 21.88a 133.55 cd 4.58 bed 87.10
16. Product 4 (0 day) + RKN eggs 29.55 cd 60.82 bcd 8.38 de 22.00 a 109.06 d 4.43cd 85.50
17. Nematicide (carbosulfan) (0 day) 20.87 de 32.80 de 3.75f 17.38 cdef 112.14 d 5.37 bcd 89.76
18. Control 1 + RKN eggs 203.82 a 125.36 a 32.75a 14.75f 112.48d 6.24 abc 0
19. Control 2 (No RKN eggs) 0.00e 0.00 f 0.00g 17.25 cdef 104.94 d 5.07 bed -
F_test o x x o o o
CV. (%) 37.16 30.56 17.54 10.92 21.80 26.95

Means followed by the same letter(s) in the same column are not significantly different (P>0.05, DMRT).
RKN eggs = inoculation with root-knot nematode eggs, Product 1 = Beauveria bassiana, Product 2 = Paecilomyces
lilacinus,

Product 3 = Metarhizium anisopliae, Product 4 = Trichoderma harzianum
"Reduction of egg masses = (No. egg masses from control 1 - No. egg masses from treatment) x 100
No. egg masses from control 1
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Table 2 Efficiency of commercial products of antagonistic fungi on the infection and growth parameters of cassava plants
infected with Meloidogyne incognita tested in cool season (November 23" 2018 — January 7" 2019).

Root Reduction
Shoot and
Egg Eggs/g Female Shoot fresh of egg
Treatment masses/ adults/g root fresh
root system root root height (cm) weight (g) weight masses

(9 (%)
1. Product 1(7 days) + RKN eggs 22194 c 19.27 b 11.88 cde 21.25e 165.01 cde 23.83 ef 88.43
2. Product 2 (7 days) + RKN eggs 252.70 c 11.78 c 11.88 cde  23.00 bcde 175.07 abc 31.22 cd 86.83
3. Product 3 (7 days) + RKN eggs 276.77 19.33b 10.63 def 27.00 a 171.92 abcd 23.57 ef 85.58
4. Product 4 (7 days) + RKN eggs 116.64 de 8.80c 6.63 gh 24.75 abc 172.68 abcd 25.33 ef 93.92
5. Product 1 (5 days) + RKN eggs 193.52 cde 2210 b 13.00 cd 24.75 abc 187.02 ab 24.64 ef 89.91
6. Product 2 (5 days) + RKN eggs 236.20 ¢ 20.57 b 13.88¢c 24.50 bed 165.24 cde 25.04 ef 87.69
7. Product 3 (5 days) + RKN eggs 485.53 b 19.76 b 2150 b 23.75 bede 190.22 a 36.80 b 74.70
8. Product 4 (5 days) + RKN eggs 190.60 cde 2248 b 11.25 23.00 bede 146.97 efg 21.51f 90.07

cdef

9. Product 1 (3 days) + RKN eggs 280.83 ¢ 17.87 b 12.50 cd 22.00 de 153.21 defg 27.60 de 85.36
10. Product 2 (3 days) + RKN eggs 239.05¢ 18.33 b 1350 ¢ 22.00 de 175.98 abc 23.62 ef 87.54
11. Product 3 (3 days) + RKN eggs 435.68 b 17.63 b 19.50 b 25.00 ab 166.70 bcde  35.90 bc 77.29
12. Product 4 (3 days) + RKN eggs 263.65¢ 17.21b 11.38 cde  23.50 bcde 140.08 fg 27.42 de 86.26
13. Product 1 (0 day) + RKN eggs 208.13 cd 19.07 b 9.63 def 23.25 bcde 160.27 cdef 23.95 ef 89.15
14. Product 2 (0 day) + RKN eggs 240.75¢ 17.74 b 8.75 fg 23.50 bcde 152.37 defg 25.00 ef 87.45
15. Product 3 (0 day) + RKN eggs 40517 b 17.54 b 19.75b 24.00 bed 142.95 fg 35.24 bc 78.88
16. Product 4 (0 day) + RKN eggs 202.46 cd 12.48¢c 6.25h 24.25 bed 153.17 defg 25.50 ef 89.45
17. Nematicide (carbosulfan) (0 day) 9714 e 798¢ 475h 23.25 becde 147.84 efg 23.53 ef 94.94
18. Control 1 + RKN eggs 1918.86 a 41.93 a 41.75a 18.00 f 131.64 g 4523 a 0
19. Control 2 (No RKN eggs) 0.00f 0.00d 0.00 22.25 cde 145.78 efg 23.31 ef -
F_test ok . ok . . .
CV. (%) 19.79 18.56 12.79 6.7 818 12.18

Means followed by the same letter(s) in the same column are not significantly different (P>0.05, DMRT).
RKN eggs = inoculation with root-knot nematode eggs, Product 1 = Beauveria bassiana, Product 2 = Paecilomyces
lilacinus,

Product 3 = Metarhizium anisopliae, Product 4 = Trichoderma harzianum

'Reduction of egg masses = (No. egg masses from control 1 - No. egg masses from treatment) x 100
No. egg masses from control 1
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