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Table 1. Treatments, concentrations, time, and methods of use against Meloidogyne incognita in tobacco.

Row Treatments concentrations Time Method
1 T. harzianum 5/1000 Simultaneously at planting Root dip
2 T. harzianum 10/1000 Simultaneously at planting Root dip
3 T. harzianum 5/1000 Simultaneously & 10 days after planting Root dip & Soil
drench
4 T. harzianum 10/1000 Simultaneously & 10 days after planting Root dip & Soil
drench
5 B. subtilis 5/1000 Simultaneously with planting Root dip
6 B. subtilis 10/1000 Simultaneously with planting Root dip
7 B. subtilis 5/1000 Simultaneously & 10 days after planting Root dip & Soil
drench
8 B. subtilis 10/1000 Simultaneously & 10 days after planting Root dip & Soil
drench
9 T. harzianum + B. subtilis 5/1000 Simultaneously with planting Root dip
10 T. harzianum + B. subtilis 10/1000 Simultaneously with planting Root dip
11 T. harzianum + B. subtilis 5/1000 Simultaneously & 10 days after planting Root dip & Soil
drench
12 T. harzianum + B. subtilis 10/1000 per Simultaneously & 10 days after planting Root dip & Soil
thousand drench
13 control (Velume prime®) 1 L/ha Simultaneously & 10 days after planting Soil drench
14 Contaminated control (infected soil with Meloidogyne incognita)
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Table 2. Gall index ranking according to Zeck, 1971.

[ TN

.'JIL:-JJ Jiﬂ-lfll":')‘,fl-l

Zeck (1971) iy, b J& Lasls asas,—Y Jsd>

Grade Type of Symptoms

Absence of gall.

(1-10)% of root infection with nematode gall.
(11-20)% of root infection.
(21— 30)% of root infection.
(31— 40)% of root infection.

(51- 60)% of root infection.
(61-70)% of root infection.
(71-80)% of root infection.
(81-90)% of root infection.
10 More than 90% of root infection.

1
2
3
4
5 (41— 50)% of root infection.
6
7
8
9
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Table 3. Analysis of variance of the effect of antagonistic agents on pathogenicity indices of root—knot nematode
on tobacco (Meloidogyne incognita) under greenhouse conditions.

Mean of Square (MS)

S.0.vV df
Gall The No. Average  Repr Mortalit The No.of  The No. of Root
index of egg egg in oduct y (%) nematode nematode Weight
masses mass ion in the soil in the root (gr)
factor
(RF)
Treatment 13  18.83" 1212.49™ 1692.06™  128.59™  1718.69™ 12907967" 385017857  21417012*
* - «
Error 42 0.09 3.42 16.22 0.48 7.93 327381 946429 415603
cVv 7.08 3.49 0.80 4.47 5.52 13.75 3.60 7.12

**: Significant at 1% probability level
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Table 4. Average comparison of the effect of antagonistic agents on pathogenicity indices of root—knot nematode
on tobacco (Meloidogyne incognita) under greenhouse conditions.

2 x Reproducti ~ No. of No. of Mortality No. of No. of egg in Root
g 3 onfactor  J2/soil  nematode (%) egg mass egg mass Fresh
5 = (RF) (1 kg) in the Weight
= 8 whole root (gr)

1 6° 19° 6500 ° 31500 ° 39.251 60 b 520°¢ 15.8°
2 4c 17°¢ 6250 ° 27750 ¢ 43,759 54,7579 505 ¢ 12.54°¢
3 4c¢ 17°¢ 4000 © 30000 © 475N 59.5 bed 503.75 % 14.21°
4 3d 13.25° 2750 °f 23750 f 57.25 % 48 " 495 7.82N
5 6° 18.75° 5750 ° 32750 ° 36.32° 61.5° 530° 7.959
6 4c¢ 16.75 « 3750 « 29750 ¢ 43,75" 5g cde 515°¢ 9.55f
7 6° 17¢ 4000 ¢ 30000 © 525 57 def 520 ¢ 10.06 ©f
8 4¢ 169 4000 ¢ 28000 ¢ 57.5 ¢f 56 ©f 500 df 10.25¢
9 4c¢ 15¢ 4000 ¢ 26000 © 60.75 ¢ 52.25¢ 498.75 ©f 10.29°¢
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Chart 1. The Biplot analysis of the effect of antagonistic agents on pathogenicity indices of root—knot nematode
on tobacco (Meloidogyne incognita) under greenhouse conditions.
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Abstract

Tobacco is one of the important agricultural and industrial plants that plays an important role in the economy
and income of producing countries. Root-knot nematodes are one of the most important plant parasitic
nematodes with a wide host range. Considering the dangers of chemical poisons, it seems necessary to use
alternative methods, including biological control, in the fight against this disease. In this research, the effect of
two antagonists, Trichoderma harzianum and Bacillus subtilis, individually and also combined effect, against the
root— knot nematode (Meloidogyne incognita) on tobacco plants was investigated in a completely randomized
design with 14 treatments and 4 replications in greenhouse conditions. Tobacco seedlings, K326 variety at the 4—
5 leaf stage, were treated with a concentration of 108 Spore/mL of T. harzianum and 108 CFU/mL of B. subtilis,
at two times and with two different methods. About two months after inoculation with 2000 eggs and larvae of
the second instar nematode, nematode virulence factors such as gall index, number of egg mass, average egg per
mass, reproductive factor (RF), nematode population in soil and root and percentage of nematode control were
investigated and recorded. According to the results of analysis of variance, all the indicators related to nematodes
showed a significant difference at the level of one percent (P< 0.01). In all studied traits, after the treatment of
control (Volume Prime® chemical nematicide), the combined effect of T. harzianum + B. subtilis against the
nematode, at the same time as inoculation (at a concentration of 10 per thousand) and 10 days after Inoculation
(with a concentration of 50 mL) was recognized as the most effective treatment. The statistical analysis of the
data obtained from this research showed that the antagonist treatment times have significant differences with
each other (P< 0.01). In general, the effect of combined application of antagonists during two stages
(simultaneous with transplanting + 10 days after transplanting) was greater than their individual application
during one stage. The approach based on the use of antagonists in biological control seems promising, because it
helps to reduce the amount of chemical substances used and stabilize ecological changes.

Keywords: root—knot nematode, antagonist, biocontrol, Nicotiana tabacum.




