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Efficacy of biocontrol agent, Trichoderma spp. against Meloidogyne- Fusarium complex infecting
cumin was tested by applying at two different inoculum levels. The nematophagous fungi, Paecilomyces
lilacinus was given at a particular dose to control the disease. All the treatments generally showed
significantly higher plant growth parameters viz. root-shoot height and weight over control. Maximum
increase in plant growth characters, decrease in final nematode population and wilting was observed
in case of plants treated with 7. virens (T14) at 20gm inoculum level combined with P lilacinus.
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Introduction

Cumin (Cuminum cyminum L.), an important spice crop
m the world is affected by several diseases of fungal,
sacterial and viral origin. Among fungal diseases, wilt of
cumin induced by Fusarium oxysporum f. sp. cumini'? is
m important disease of Rajasthan and Gujarat state causing
amnual losses ranging from 59-100% in infested fields.
Root-knot disease caused by Meloidogyne incognita is
#iso a severe disease causing significant reductions in yield
of cumin i.e.43% °.

A preliminary survey of cumin growing areas of
Rajasthan, revealed that most of the varieties were found
susceptible to disease complex caused by both the
rathogens Meloidogyne incognita and Fusarium
axysporum f. sp. cumini. Both of them are frequently

ssociated in nature infecting cumin resulting in
sonsiderably greater damage to the crop than the amount
»f damage caused by either of the pathogen alone.

In general resistant varieties, cultural practices
and chemical fungicides are advocated for the management
»f the disease but chemicals provide short-term measures
is they are reported to induce new strains of pathogen and
#iso have environmental hazards. Therefore, use of biotic
mmtagonists is indispensable to evolve strategy either to
eradicate or to keep the disease below economic injury
evel as long-term measure. Reduction or elimination of
sl borne inoculum is the only effective solution to
mercome the problem and this may be achieved easily
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through fungal antagonists.

Keeping this in view, the present study was
undertaken on efficacy of different levels of TrichodePma
spp. and use of Paecilomyces lilacinus against disease-
complex caused by Meloidogyne incognita and Fusarium
oxysporum f. sp. cimini.

Material and Methods
Fungal culture and inoculation: The fungus, Fusarium
oxysporum f. sp. cumini, isolated from cumin roots, was
grown on PDA medium for 15 days at 28 + 2°C in BOD
incubator. Pure culture of fungus prepared on PDA, was
further multiplied on sorghum grains. Number of spores
per gram was counted with the help of haemocytometer.
Inoculum level of Fusarium oxysporum used in this
experiment was 20 gm substrate + fungi per pot.
Nematode culture and inoculation: Root-knot nematode,
M. incognita was isolated from the same cumin field. Pure
culture was multiplied on brinjal plants. Just before the
inoculation, the feeder roots of the seedlings (10 days old),
were exposed by carefully removing, the adhering top layer
of the soil. The required quantity of nematode suspension
having 1000 freshly hatched juveniles was poured
uniformly all over the exposed roots & covered
immediately with the top soil. This was followed by light
watering of the plants.

Earthen pots were surface sterilized and filled each
with autoclaved soil. Before planting in pots, the seeds
were surface sterilized or disinfected. Three week old
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seedlings having almost similar growth were treated with
different doses of different biocontrol fungus which were
isolated from the local field and later on cultured on PDA
and mass cultured on different substrates. In this
experiment different fungus multiplied on tea waste and
sorghum straw were used. Each plant was inoculated with

1000 active juveniles of M. incognita and particular doses

of Fusarium oxysporum f. sp. cumini. A particular dose

of nematophagus fungi, Paecil omyces lilacinus, multiplied
on wheat bran was also given.

Following set of experiment were used for the purpose -

Decaffeinated Tea waste -

1. Decaffeinated Tea waste (TW) +biocontrol fungi
(10g)+Nematode (N)+Sorghum grains (SG)
+Fusarium(F) (20g)+wheat bran (WB)+
Paecilomyces lilacinus (208) T

2. Decaffeinated Tea waste (TW)+biocontrol fungi
(20g)+Nen1'atode(N)+Sorghum
grains(SG)+F: usarium(F) (20g)+wheat bran (WB) +
Paecilomyces lilacinus (PL) (20g)

3. TW (10g) alone
4. TW (20g) alone
5. N +SG)+F (20g)
6. N alone

7. Control

Sorghum straw -
‘1. Sorghum straw (SS)+biocontrol fungi (10g) +
Nematode (N) + Sorghum grains (SG) + Fusarium
(F)(20g) + wheat bran(WB) + Paecilomyces lilacinus
(PL) (20g)

2. SS+biocontrol fungi (20g)+Nematode(N)+Sorghum
grains(SG)+Fusarium (F) (20g) +wheat bran (WB)

+ Paecilomyces lilacinus (PL)(20) '

3. SS(10g) alone

4. SS(20g) alone

5. N+(SG)+ F(20g)

6. N alone .

7. Control -

Each treatment was replicated five times ofeach
stage. The experiment was conducted in the month of
December. Proper care was taken through out the season.

Observations on plant growth (length, fresh
weight and dry weight of shoot and root, number of galls/
root system, reproduction factor) were recorded after 90
days of inoculation. To estimate nematode population in
roots, one’ gm of root in water was treated in a waring
blender for 30 seconds. Nematodes from the pot soil were
also counted. Data were analysed statistically.

Results and Discussion
Generally, there was an improvement of plant vigor in all
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_ treatments where biocontrol agent was applied. Plant

 leucinostanin and paecilotoxin®.

inoculated with nematode or nematode and Fusarium
without any additional treatment showed root-knot disease
symptoms such as stunted growth, reduction in number
and quality of seeds, yellowing of leaves and wilting of
plants with their early maturation. With an increase in the
biocontrol fungus inoculum level, there was a progressive
increase in the plant growth parameters. Significant
increase in shoot-root length, fresh and dry weight was
recorded at the inoculum level of 20gm biocontrol fungus/
pot .At this inoculum -level, expression of wilting
symptoms was also reduced. Reduction in number of galls/ !
plant and reproduction factor was also observed. Thus, =
the rate of nematode multiplication was inversely
proportional to the inoculum level. The maximum shoot
height, weight (fresh and dry) and root length and weight
(fresh and dry) was recorded in plants treated with
Trichoderma virens (T14) 20gm combined with P.
lilacinus and minimum in N+F treatment. The data on
number of galls and nematode population in soil also
showed significant reduction in the treatments where
biocontrol agents were applied. '
. It was observed that P. lilacinus propagules
colonised on the eggmasses. Eggs inside the egg masses
were also parasitize by Paecilomyces fungus. Egg content
was reduced and some eggs were found deformed. It was
also observed that colonization by P. lilacinus was more
or less restricted to the upper region of roots with high
percentage and very less percentage colonization was
observed in lower side of roots. Results indicate that
nematophagus fungus P. lilacinus has biocontrol potential
against root-knot infection on cumin. P, lilacinus has been
reported to produce peptidal antibiotics viz. letacini

Trichoderma spp. is among the most promisi
biocontrol agents®. Trichoderma is reported to be one ¢
the most widely distributed soil fungi®. Biocontrol potenti
of Trichoderma has been studied extensively™
Trichoderma in particular, isolates of T. harzianum, &
viride, Thamatum have been used with success agair
soil-borne diseases, seed-borne diseases, diseases @
phyllosphere and against storage rots'*'2, This wide ran
of application is due to the various antagonistic mechanis
found in different Trichaderma isolates enabling them %
function as potent biocontrol agents on many differss
crops, against a wide range of pathogens and in severs
ecological situations. Maximum reduction in nemate
and fungi was due to more aggressive and microk ‘
antagonstic effect of 7. viride". T. virens and its mut:
m-3 and m-7 have been found to be most effective
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Table 1. Influence of different inoculum levels of biocontrol fungi multiplied on tea waste in the management of
Welvidogyne - Fusarium complex infecting cumin (Cuminum cyminum L.).

Effect on plant growth parameters
2 S.No. | Doses Treatments Length (cm) Fresh wt. (gm) Dry wt (gm)

| Shoot Root Shoot Root Shoot Root
} 1. 10g N+F+P.L+T.h (T) 20.52 14.34 1.99 1.39 0.20 0.14
;' 20g N+F+P.L+T.h (T ) 21.63. 15.26 2.39 1.53 0.24 0.16
{ 2. 10g N+F+P.L+T.h (T)) 17.99 11.16 0.84 0.68 0.09 0.07
20g N+F+P.L+T.h (T)) 18.44 11.77 1.00 0.77 0.10 0.08
| 3. 10g N+F+P.L+T.h (T,) 14.35 9.12 0.63 0.32 0.07 0.03
| 20g N+F4P.L+T.h (T)) 14.91 9.45 0.66 © 035 0.08 0.04
| 4. 10g N+F+P.L+T.h (T) 22.22 15.95 - 2.55 1.57 0.26 0.16
; 20g N+F+P.L+T.h (T, 24.17 17.11 2.94 1.66 0.29 0.17
5. 10g N+F+P.L+Th (T,) 18.62 | 11.89 1.12 0.80 0.12 0.09

; 20g N+F+P.L+T.h (T,) 19.03 12.73 1.34 0.97 0.14 0.10
| 6. 10g N+F+P.L+T.h (T,) 18.84 12.06 1.20 0.83 0.13 0.09
| 20g N+F+P.L+Th (T,) 20.05 13.91 1.84 1.31 0.18 0.13
1 7. 10g N+F+P.L+T.h (T,) 21.15 14.95 231 1.52 0.23 0.15
20g N+F+P.L+T.h (T,) 21.97 15.87 2.49 1.56 0.25 0.16

8. 10g N+F+P.L+Th (T,) 18.26 11.47 0.90 0.75 0.09 0.08

‘ 20g N+F+P.L+T.h (T,) 1930 | 13.12 1.44 1.16 0.15 0.12
| 9. 10g N+F+PL+T.h (T,) 19.81 13.73 1.65 1.28 0.17 0.13
ﬁ 20g N+F+P.L+T.V (T,) 20.72 14.48 2.11 1.42 0.20 -0.15
| 10. 10g N+F+PL+T.V (T,) 14.62 9.24 0.65 0.39 0.06 0.04
20g N+F+P.L+T.V (T, ) 15.51 9.88 0.68 0.46 0.07 0.05

1. 10g N+F+PL+T.V (T,) 16.66 10.34 0.72 0.52 0.07 0.05
20g N+F+PL+T.V (T, ) 17.83 11.11 0.83 0.65 0.08 0.07

| 12. 10g N+F+P.L+T.V (T ) 18.54 11.86 1.07 0.78 0.11 0.08
20g N+F+PL+T.V (T,) 18.79 12.01 “1.16 0.82 0.13 0.09

| 13. 10g N+F+PL+T.V (T)) 16.39 10.14 0.71 050 | 0.07 0.05
20g N+F+PL+T.V (TD) 17.64 10.97 0.79 0.61 0.08 0.06

14, 10g N+F+P.L+TV (T ) 23.58 16.80 2.87 1.63 0.29 0.16
20g N+F+P.L+T.V (T ,) 24.81 17.62 3.09 1.75 0.31 0.18

15. 10g N+F+PL+T.V (T ) 19.28 12.97 1.41 1.09 0.15 | 0.11
20g N+F+PL+T.V (T) 20.63 14.38 2.02 1.40 0.20 0.14

16. 10g N+F+P.L+T.ha (T, ) 22.85 16.35 2.71 1.61 0.27 0.16
20g N+F+PL+T.ha (T,) 24.17 17.11 2.94 1.66 0.30 0.17

17. N+F 10.42 7.22 0.51 0.24 0.05 0.02
18. Control 27.28 19.06 4.59 240 0.46 0.25
19. 'N' alone 1046 | 7.25 0.53 0.27 0.06 0.03
20. 10g TW alone .27.53 19.6 4.60 2.61 0.46 0.26
20g TW alone 28.04 19.9 4.67 2.67 0.46 0.26

CD at 5% 1.106 0.91 0.39 0.26 0.083 0.05

T & T, = From Jaipur, T,& T,, = From Chittorgarh, T, & T,, = from Hardwar,

T.T,T,& T, = From Aligarh, T, T, T =FromAg. Co., T,=FromJS,T & T,, = From Udaipur

Th. = Trichoderma harzianum T.ha = Trichoderma hamatum N = Nematode ( Meloidogyne,incognita)
Tv. = Trichoderma viride P.l. = Paecilomyces lilacinus T.W. = Tea waste

Tvi. = Trichoderma virens F = Fusarium oxysporum
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Table 2. Influence of different inoculum levels of biocontrol fungi multiplied on Sorghum straw in the management of
Meloidogyne-Fusarium complex infecting cumin (Cuminum _cyminum L.
‘ ) Effect on plant growth parameters -
S.No.| Doses Treatments ength (cm) Fresh wt. (gm) Dry wt (gm)
Shoot Root Shoot Root Shoot Root
1. 10g N+F+P.L+T.h (T) 20.73 14.52 2.18 1.47 0.21 0.15
20g N+F+P.L+T.h (T) 21.89 15.85 2.47 1.55 0.24 0.16
2. 10g N+F+P.L+T.h (T) 18.13 11.39 0.88 0.74 0.09 0.08
20g N+F+P.L.+T.h (T, 18.92 12.35 1.25 0.85 0.13 0.09
3. 10g N+F+P.L.+T.h (T, 14.61 9.13 0.64 0.42 0.07 0.04
20g N+F+P.L.+T.h (T,) 15.02 9.63 0.67 0.39 0.08 0.05
4. 10g N+F+P.L.+T.h (T) 22.71 16.23 2.67 1.60 0.27 0.16
20g N+F+PLA+Th(T) 24.64 17.48 3.01 1.73 0.30 0.17
5. 10g N+F+P.L.+Th (T) 18.85 12.11 1.21 0.84 0.12 0.09
20g N+F+P.L.+Th (T) 19.36 13.15 1.46 1.19 0.15 0.12
6. 10g - N+F+P.L+Th (T 19.01 12.71 1.32 0.95 0.14 0.10
20g N+F+P.L.+T.h (T) 20.42 14.16 1.92 1.36 0.20 0.14
7. 10g N+F+P.L+Th (T) 21.59 15.18 2.37 1.53 0.24 0.15
20g N+F+P.L+Th (T,) 22.34 16.09 2.58 1.58 0.26 0.16
8. 10g "N+F+PL.+Th (Tp 18.96 12.65 1.27 0.89 0.13 0.09
20g N+F+P.L.+T.h (Ty) 19.50 13.36 1.49 1.20 0.15 0.12
9. 10g N+F+P.LA+T.V (T)) 20.01 13.86 1.79 1.30 0.18 0.14
20g N+F+P.L+T.V (T,) 21.00 14.89 2.28 1.59 0.23 0.16
10. 10g N+F+PLA+T.V (T, 14.92° 9.48 0.66 0.35 0.07 0.04
| 20g N+F+PLA+T.V (T) 15.73 9.96 0.68 047 |- 0.08 0.05
11. 10g N+F+P.LA+T.V(T)) 17.18 10.71 0.75 0.58 | ~ 0.08 0.06
20g N+F+PLA+T.V(T,) 18.05 1120 | . 0.86 0.72 0.09 0.08
12. 10g N+F+PLA+T.V (T, 18.89 12.20 1.23 0.85 0.12 0.09
20g N+F+PLA+T.V (T)) 19.12 12.75 1.36 0.99 0.14 0.10
13. 10g - N+F+PLA+T.V (T)) 16.84 10.74 0.74 0.55 0.08 0.06
: 20g N+F+PLA+T.V (T,,) 17.78 11.09 0.82 0.63 0.09 0.07
14. 10g N+F+P.LA+T. vi (F - 24.63 17.28 2.99 1.72 0.30 0.18
20g N+F+P.L.+ T.vi(T,) 24.98 17.63 3.10 1.76 031 0.19
15. 10g N+F+P.L.+ T. vi (T,)) 19.92 13.82 1.68 1.29 0.17 0.13
20g N+F+P.L.+ T. vi (T ) 20.76 14.62 2.20 1.49 0.23 0.15
16. 10g N+F+P.L.+ T.ha (T) 23.04 16.66 2.75 1.62 0.27 0.16
20g N+F+P.L.+ T.ha (T ) 24.64 17.48 3.01 “1.73 0.30 0.18 §
17. : N+F _ 10.42 7.22 0.51 0.24 0.05 0.02 §
18. Control . 27.28 19.06 4.59 240 0.46 0.25
19. . 'N' alone 10.46 7.25 0.53 0.27 0.06 0.03
20. 10g -SS alone 27.26 19.07 4.58 2.40 0.46 0.25
. 20g SS alone 27.30 19.10 4.60 242 "~ 0.46 0.25
CD at 5% 0.85 0.73 0.37, 1.92 0.06 0.12

T, & T,= From Jaipur, T, & T ; = From Chittorgarh, T, & T , = From Hardwar, T, T, & T, & T, = From Aligarh,
T,, T, T,, = From Ag.Co. T, = from J S., T,, & T, = from Udaipur.

T.h. = Trichoderma harzianum Tha = Trichoderma hamatum N = Nematode

T.V. = Trichoderma viride Pl. = Paecilomyces lilacinus (Meloidogyne incognita)

T.vi. = Trichoderma virens F = Fusarium oxysporum S.S. = Sorghum straw
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Table 3. Effect of inoculum levels of different biocontrol fungi maintained on tea waste in nematode multiplication

S. | Doses Treatments Population of root-knot % No. of % No. of %
No. nematode reduction | galls/ | reduction| egg | reduction
No. of No. of Total |over N+F | root over | masses/| over
larvae/ | females/ system| ‘N’+ root ‘N’+
250g root “F system| ‘F’
soil system '
10g N+F+PL+Th(T)) 2001 194 2195 47.39 566 | 4812 | 12.63| 36.17
20g N+F+PL+Th(T) 1684 171 1855 55.54 498 | 5435 11.63 | 41.23
2 10g N+F+PL.+Th(T,) 3025 280 3305 20.80 785 | 28.04 | 1511 | 23.64
20g N+F+PL+Th(T,) 2962 248 3210 23.07 767 | 29.69 | 14.85| 24.96
3. 10g N+F+PL+Th(T,) 3552 362 3914 6.20 8.73 1998 | 1674 | 1541 |
20g N+F+P.L+Th(T) 3486 337 3823 8.38 858 | 2135 1643 | 16.97
L 10g N+F+PL+Th(T,) 1525 163 1688 59.54 | 450 | 5875 11.11-]. 43.86
20g N+F+PL.+Th(T,) 1259 143 1402 66.40 372 ] 6590 | 10.22| 48.35
10g N+F+PLATh(T,) 2879 241 3120 25.23 752 | 31.07 | 1473 25.56
: 20g N+F+PL.+Th(T)) 2546 220 2766 33.71 6.85 | 37.21 1421 | 28.19
| 6 10g N+F+PL.+Th(T) 2831 236 3067 26.50 743 | 31.89 | 14.66 | 25.92
i 20g N+F+P.L.+Th(T) 2086 198 2347 43.75 587 | 46.19 | 1291 | 34.76
| 7. 10g N+F+PLATh(T,) 1766 177 1943 53.43 5.16 | 5270 | 11.96 |. 39.56
20g N+F+PL.+Th(T,) 1591 166 1757 57.89 475 | 5646 | 1120 43.40
| & 10g N+F+PL.+Th(T,) 2994 254 3248 22.16 771 | 2933 1491 | 24.65
1 20g N+F+PL.+Th(T) 2383 214 2597 37.76 653 | 40.14 | 13.96| 29.45
9. 10g N+F+PLAT.V(T) 2209 209 2418 42.05 6.19 | 4326 | 13.51] 31.73
20g N+F+PLAT.V(T) 1968 188 2156 48.33 5.41 50.41 1239 | 37.39

10| 10g N+F+PLAT.V(T,) 3529 341 3870 7.26 8.64 | 20.80 | 1652 | 16.52
| 20g N+F+PLATV (T,) 3295 320 3615 13.37 843 | 22.13 16.01 | 19.10
| .| 10g N+F+PLAT.V(T)) 3284 304 3588 14.01 820 | 2483 15.75 ] 2041
20g N+F+PLAT.V(T,) 3138 284 3422 17.99 791 2749 | 1520 23.19
12.] 10g N+F+PLAT.V(T,) 2891 243 3134 24.89 7.60 | 3033 1479 | 25.26
20g N+F+PLAT.V(T,) 2852 239 3091 25.92 749 | 3134 14.68 | 25.82
13, 10g N+F+PLATV (T,) 3328 315 3643 12.70 826 | 2428 | 1582 20.06
20g N+F+PLAT.V(T,) 3188 293 3481 16.58 8.04 | 2630 | 1546 | 21.87
14| 10g N+F+PLATvi(T)) 1271 146 1417 66.04 385 | 647 10.34 | 47.75
20g | N+F+PL.+Tvi(T,) 1036 132 1168 72.01 326 | 70.11 | 870 | 56.03
I5.| 10g | N+F+PL.+Tvi(T) 2429 217 2646 36.59 6.60 | 39.50 | 14.06 | 28.95
20g | N+F+PL.+Tvi(T)) 1990 192 2182 4171 552 | 4940 | 1248 3693
16.( 10g | N+F+PL.+Tha(T,) 1366 152 1518 63.62 4.1 62.32 10.65 | 46.18
20g | N+F+PL.+Tha(T,) 1259 143 1402 66.40 372 | 6590 | 1022 | 4835

17| 10g TW alone 3225 300 | 3525 | 1552 | 8713 | 2584 | 1558 2127
| 20g Tea waste alone 3082 282 | 3364 | 1938 | 793 | 2731 | 1513 2354
I 19. N+F 3684 489 | 41713 | 000 | 1091| 000 | 1979 o000

| 20. Control 0.00 000 | 000 | 000 | 000] 000 | 000 o000
“CDat5% 165.26 0.46 0.48

T,& T, = From Jaipur, T, & T, = From Chittorgarh, T, & T,, = From Hardwar,

T, T, & T & T, =From Aligarh, T,, T,, T ;= From Ag.Co. T, = From J.S., T,, & T, = From Udaipur.
Th = Trichoderma harzianum Tha = Trichoderma hamatum N = Nematode

T.V. = Trichoderma viride Pl. = Paecilomyces lilacinus (Meloidogyne incognita)

T.vi = Trichoderma virens F = Fusarium oxysporum S.S. = Sorghum straw



276

Didwania & Trivedi

Table 4. Effect of inoculum levels of different biocontrol fungi maintained on sorghum straw in nematode multiplication.

S. | Doses Treatments Population of root-knot % No. of % No. of %
No, nematode reduction | galls/ | reduction| egg | reduction
No.of | No.of Total |over N+F | root over | masses/| over
larvae/ | females/ system| ‘N+ root ‘N'+
250g root “F’ system ‘P
soil system
1. 10g N+F+P.L+Th(T)) 1912 185 2097 50.02 535 | 50.73 12.12 | 39.43
20g N+F+PL+Th(T)) 1635 169 1804 57.00 489 | 54.97 11.34 | 43.32
2. 10g N+F+PLA+Th(T,) 3006 269 3275 21.94 777 | 28.45 1498 | 25.13
20g N+F+PLA+Th(T) 2666 225 2891 31.10 722 | 33.51 1448 | 27.63
3. 10g N+F+PL.+Th(T,) 3548 345 3893 722 8.69 | 19.98 | 16.65| 16.79
20g N+F+PLA+Th(T) 3424 326 3750 10.62 847 | 22.00 | 1622 | 1894
4, 10g N+F+PL+Th(T) 1418 154 1572 62.53 423 | 61.04 | 10.74 | 46.32
20g N+F+PL+Th(T) 1108 139 1247 70.28 342 | 6850 9.18 | 54.12
5. 10g N+F+PLA+Th(T) - 2784 231 3015 28.14 7.40 | 31.86 14.60 | 27.03
20g N+F+PLA+Th(T) 2314 212 2526 39.79 639 | 41.16 | 13.82 ] 30.93
6. 10g N+F+P.LA+Th(T) 2591 221 2812 32.98 698 | 3572 | 1427 | 28.68
20g N+F+P.L+Th(T) 2012 196 2208 47.37 578 | 46.77 | 1275 | 36.28
7. 10g N+F+P.L+Th(T,) 1729 174 1903 | 54.64 507 | 5331 11.89 | 40.57
20g N+F+P.L.+Th(T) 1479 157 1636 61.01 441 59.39 | 1093 | 4537
8. 10g N+F+P.L+Th(Ty) 2624 224 2848 32.12 7.09 | 34.71 1432 | 2843
20g N+F+PL.+T.h(T) 2292 211 2503 40.34 624 | 42.54 13.64 | 31.83 |
9. 10g N+F+PLA+TV(T) | = 2134 202 2336 44.32 596 | 45.11 1312 | 3443 |
20g N+F+PLAT.V(T) 1845 180 2025 51.73 520 | 52.11 12.00 | 40.02
10. | 10g N+F+PLAT.V(T)) 3457 332 3789 | 9.69 852 21.54 | 1630 | 18.54
20g N+F+PLAT.V(T,) 3357 319 3676 12.39 833 | 2329 | 1599 | 20.08
11.| 10g N+F+PLAT.V(T)) 3222 298 3520 16.11 8.11 25.32 15.54 | 22.33
20g N+F+PLA+T.V(T)) 3017 276 3293 21.52 7.80 | 28.17 15.00 | 25.03
12.| 10g N+F+P.LAT.V(T)) 2755 228 2983 28.90 736 | 3222 | 1453 | 2738
20g N+F+P.LA+T.V(T),) 2477 219 2696 35.74 6.72 | 38.12 14.19 | 29.08
13.| 10g° | N+F+PLAT.V(T)) 3269 301 3570 14.91 8.15 | 24.95 1562 | 21.93
20g N+F+PL+T.V(T,) 3146 288 3434 18.16 798 | 26.51 15321 23.43
14.| 10g | N+F+PLA+Twvi.(T,) 1147 141 1288 69.30 3.50 | 67.77 9.95 | 50.27
20g | N+F+PL+Twvi.(T) 1002 128 1130 73.06 3.00 | 7237 853 | 5737
15.| 10g | N+F+PL.A+Tvi.(T,) 2175 206 2381 43.25 607 | 44.10 | 13.38 | 33.13
20g | N+F+PL.+Tvi. (T,) 1878 182 2060 50.90 523 | 51.84 1202 | 39.93
16.| 10g | N+F+PL.+Tha(T) 1342 148 1490 64.48 390 | 64.08 | 1049 | 47.57
20g | N+F+P.L.+Tha(T,) 1108 139 1247 70.28 342 | 68.50 9.18 | 54.12
17.| 10g | Sorghum straw alone 3108 286 3394 19.11 795 | 26.79 1517 | 24.18
18.] 20g [Sorghum and teaw aﬂlon'? . ~3005 268 3273 21.99 7.76 | 28.54 1496 | 25.23
19. N+F 3701 495 4196 1086 | 0.00 20.01 0.00
20. Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CD at 5% 337.91 0.60 5.14

T, & T,= From Jaipur, T, & T, = From Chittorgarh, T, & T,, = From Hardwar,

T,T,& T, & T, =From Aligarh, T

T.h. = Trichoderma harzianum Tha = Trichoderma hamatum

Pl. = Paecilomyces lilacinus
F = Fusarium oxysporum

T.V. = Trichoderma viride
T. vi. = Trichoderma virens

T,T

(i Ve

= From Ag.Co., T, = from J.S.
N =Nematode
(Meloidogyne incognita)
S.S. = Sorghum straw

o ()

T, & T = from Udaipur.
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reducing soil borne pathogens'.

The observations indicated that the pathogen lost
their viability after colonization with antagonists. Hyphae
of species of Trichoderma overpowered the growth of
pathogen and entered inside the mycelium of the pathogen.
Sometimes the mycelium of the pathogen was also found
to be full of antagonist spores. Ultimately, host hyphae
shrivelled and got killed. Mukopadhyay'® also reported
mode of parasitism through physical contact, pathogen
cell wall lysis and coiling of hyphae.

It is possible that culture of antagonists contained
some kind of enzymes or antibiotics responsible for
inhibition of conidial germination or suppression of
mycelial growth.

Thus, in the process of biological control of the
plant pathogens, several mechanisms viz., competition for
space and nutrition, parasitism and antibiosis have been
reported to be involved. The antagonistic biocontrol agents
are reported to produce some volatile and non-volatile
metabolites interfering with growth and survival of the
pathogens!'® 17,

References

I. Gaur MM 1949, Plant protection work on Ajmer-

Mewar in 1948. Plant Disease PI. Prot. Bull. Govt.

of India, pp. 20-21

Joshi NC and Agnihotri JP 1958, Studies on the wilt

disease of cumin (Cuminum cyminum L,) in Ajmer

State, India. Lloydia [Cincinnati] 21 29-33. Contact:

Govt. Coll., Ajmer, India

Midha R L and Trivedi PC 1991, Estimation of losses

caused by Meloidogyne incognita on coriander, cumin

and fennel. Curr. Nematol. 2 159-162.

4. Arai Mikami Y, Fukushima K, Utsumi T and Yazawa

R 1973, A new antibiotic, leucinostatin, derived from

Penicillium liliaceum. J. Antibiotics 26 157-161

Liu S and Baker R R 1980, Mechanism of biological

control in soil suppressive to Rhizoctonia solani.

Phytopathology 70 404-412,

% Domsch K H and Gams W 1972, Fungi in
agricultural soils [by] K H Domsch and W Gams;
translated from the German by P. S. Hudson
Longman, [London],

)

Lad

(¥

7.

10.

11.

12.

13.

14.

15.

16.

17.

277

Chung Y R and Hoitink H A J 1990, Interactions
between thermophilic fungi and Trichoderma
hamatun in suppression of Rhizoctonia damping-off
in a bark compost-amended container medium.
Phytopathology 80 73-77.

Smith V R, Wilcox W F and Harman G E 1990,
Potential for biological control of Phytophthora root
and crown rots of apple by Trichoderma and
Gliocladium spp. Phytopathology 80 880-885.
Trutmann P and Keane P J 1990, Trichoderma
koningii as a biological control agent for Sclerotinia
sclerotiorum in southern Australia. Soil Bzologzcal
Biochemistry 22 43-50.

Chet 1 1987, Trichoderma Applications : mode of
action and potential as a biocontrol agent of soil borne
plant pattfogenic fungi. In : Innovative Approaches
to Plant Disease Control (1. Chet. Ed.), J. Wiley and
Sons, New York, pp.137-160.

Papavizas G C 1985, Trichoderma and Gliocladium:
Biology, ecology and potential for biopcontrol. Ann.
Rev. Phytopathol. 23 23-54.

Tronsma A 1986, Use of Trichoderma spp. in
biological control of necrotrophic pathogens. In :
Microbiology of the Phyllosphere (Fokkema, N.J. and
Van Den Heuvel J. Eds) Cambridge University Press,
Cambridge, pp. 348-362. .

Deshmukh P P and Raut J G 1992, Antagonism by
Trichoderma spp. on five plant pathogenic fungi. New
Agrieulturist 3 127- 130

Singh G and Mukhopadhyay AN 2000, Biocontrol
potential of mutants of Gliocladium virens for wilt
complex of lentil. Legume Res. 23 133-135. .
Mukhopadhyay A N 1994, Biocontrol of soil-borne
plant pathogens-current status, future prospect and
potential limitations. Indian Phytopathology 47 119-
126.

Dennis C and Webster J 1971, Antagonistic properties
of species-groups of Trichoderma 11. Production of
volatile antibiotics. 7ans Br. Mycol. Soc. 57 41-48 80.
Dennis C and Webster J 1971, Antagonistic properties
of species-groups of Trichoderma 111. Hyphal
Interaction. Trans Br. Mycol. Soc. 57 363-369



