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Abstract

Rot of Indian mustard (Brassica juncea) caused by Sclerotinia sclerotiorum (Lib.) de Bary has become important in recent
times in India and elsewhere with high disease incidence and severe yield losses leading to discouragement of growers of the crop.
The pathogen is reported to infect about 400 plant species with no proven source of resistance against the disease reported till date
in any of the hosts. This laboratory has earlier reported success in managing Sclerotinia rot using garlic (A/lium sativum) bulb
extract, Trichoderma harzianum as seed treatments supplemented by their foliar applications during 50 and 70 days after sowing.
Garlic bulb extract (1% w/v) and 7. harzianum were found to be 34% compatible with each other in vitro. To validate the same in
field conditions, a trial was laid out in randomised block design with 31 treatments (including control) in two replications on
Sclerotinia infested plots at experimental farm, Sewar [77°27’E, 27°12°N, 160 m above mean sea level, deep loamy alluvium
derived soil with pH 8.0] and farmers’ field at village Richoli, Bharatpur [77°22°E, 27°01°N, 182 m above mean sea level, deep
loamy alluvium derived soil with pH 7.5] in 2004-05 and 2005-06 post-monsoon seasons. The crop was sown at Richoli (16 Oct
2004, 05 Oct 2005) and Sewar (19 Oct 2004 and 07 Oct 2005), with garlic bulb extract (1% w/v), T. harzianum and Carbendazim
(0.1% a.i) applied as seed treatment or foliar spray (at 50 and 70 days after sowing) singly or in different combinations. Seed
treatment with garlic bulb extract provided significantly better (P < 0.05) and the best initial plant stand at both the locations with a
mean 20.2% increase in germination over control in 2004-05. Seed treatment with garlic bulb extract followed by carbendazim
supplemented by foliar spray with the same mixture was significantly better (P < 0.05) among the treatments in reducing the
Sclerotinia rot incidence and in increasing yield over control consistently over the two years.
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Introduction

Indian mustard [Brassica juncea (L.) Czern and Coss.] is an important oilseed crop of India. During 2003-04,
rapeseed-mustard represented 21.6 and 23.2 per cent of the total oilseed hectarage and production, respectively. Sclerotinia rot
of mustard has become important recently in India and elsewhere with high disease incidence and severe yield losses leading
to discouragement of growers of the crop (Chattopadhyay et al., 2003). The pathogen is known to infect about 408 plant
species (Boland and Hall, 1994) with no proven source of resistance. Unlike several temperate countries, in India the soilborne
inoculum happens to be the most important source of infection. Because of the wide host range and lack of tissue specificity,
breeding resistant varieties appears to be less successful. In order to check the secondary spread of the disease the possibility of
control of the disease through foliar sprays of chemicals has been investigated. In recent years, an increasing consciousness
about environmental pollution due to pest and development of fungicide resistant strains in plant pathogens (Annette Penaud
et al., 2003) has challenged plant pathologists to search for eco-friendly tools for disease management. Earlier workers
reported management of Sclerotinia rot of mustard by fungicides (Rajinder Singh et. al., 1994). This laboratory has earlier
reported success in managing Sclerotinia rot using garlic (Allium sativum) bulb extract, Trichoderma harzianum as seed
treatments supplemented by their foliar applications during 50 and 70 days after sowing (Chattopadhyay et al., 2002, 2004).
Seed treatment is important keeping in view the soilborne nature of the pathogen in India. Here we report the results of
investigation of integration of different agents in managing Sclerotinia rot of mustard.

Materials and Methods

Laboratory studies were carried out by poisoned food technique (Nene and Thapliyal, 1993) on Petri plates with four
replications to understand the compatibility between garlic (4. sativum) bulb extract, 7. harzianum. Potato dextrose agar (PDA)
medium poisoned with garlic (4. sativum) bulb extract @ 1, 2 and 5% (w/v) sterilised by passing through autoclaved no. 5
sintered glass filter. The medium in plates was inoculated with sporulating agar blocks from seven-day growth of GR, P, SI-1,
SI-2 isolates of 7. harzianum, maintaining suitable check and incubated for seven days at 25°C.

Field studies were carried out in randomised block design with 31 treatments (including control) in two replications on
Sclerotinia infested plots at experimental farm, Sewar [77°27°E, 27°12°N, 160 m above mean sea level, deep loamy alluvium
derived soil with pH 8.0] and farmers’ field at village Richoli, Bharatpur [77°22°E, 27°01°N, 182 m above mean sea level,
deep loamy alluvium derived soil with pH 7.5] in 2004-05 and 2005-06 post-monsoon seasons. The crop (B. juncea cv. Rohini)
was sown at Richoli (16 Oct 2004, 05 Oct 2005) and Sewar (19 Oct 2004 and 07 Oct 2005) in plots of 3 mx2.2 m with 30
cmx10 cm spacing, with garlic bulb extract (1% w/v), T harzianum and Carbendazim (0.1% a.i.) applied as seed treatment or
foliar spray (at 50 and 70 days after sowing) singly or in different combinations. Seed treatment and foliar sprays with 7.
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harzianum, A. sativum) bulb extract @ 1% and Carbendazim (0.1% a.i.) was done by methodology indicated by
Chattopadhyay ef al., (2002). Percentage disease incidence (PDI) was recorded before harvest while seed yield was recorded
at harvest. Data was statistically analysed as per design using ANOVA. Percentage increase or reduction due to any treatment
was calculated as: [(Data in treatment — Data in control) / Data in control]x100.

Table 1: Effect of chemical and biological treatments on Sclerotinia rot incidence

2004-05 2005-06 Pooled
Treatment Sewar** Richoli*® Mean Sewar*! Richoli** Mean® Mean"

PDI PDR PDI PDR PDI PDR PDI PDR PDI PDR PDI PDR PDI PDR
THST 180(9.5) 530 174(92) 582 17.8(94) 556 266(202) 540 30.8(263) 478 288(232) 507 233(163) 522
GBE ST 182(9.8) 515 134(54) 754 158(7.6) 633 263(196) 553 31.7(27.8) 448 29.0(23.7) 497 226(156) 542
CaST 204(122) 396 139(58) 73.6 172(9.0) 566 29.7246) 440 339315 375 319280) 405 247(185) 457
THST+GBE ST 195(11.2) 445 13.1(5.1) 768 163(82) 606 265(199) 547 286(23.0) 544 276(214) 546 22.1(148) 566
GBEST +CaST 21.8(13.8) 317 144(54) 754 17.6(9.6) 535 23.0(153) 651 32.6(292) 421 279222) 529 23.1(159) 534
TH SP 182(9.8) 515 156(72) 673 16985 594 267(202) 540 30.7265) 474 288(233) 505 229(159) 534
GBE SP 197(11.3) 441 133(53) 759 16583) 600 262(195) 556 324(289) 426 294(242) 425 23.1(162) 525
CaSP 212(13.1) 351 219(15.0) 31.8 22.0(140) 334 283(225) 487 34.1(318) 369 313227.1) 425 26.7(206) 396
TH SP + GBE SP 223(144) 287 18.1(99) 550 203(122) 418 253(183) 583 299(252) 500 27.7Q21.7) 539 24.1(169) 504
CaSP+ GBESP 21.6(140) 307 17.8(9.7) 559 20.1(119) 433 283(225) 487 36.1(349) 307 323(287) 391 263(203) 405
THST + TH SP 19.5(11.1) 450 20.1(11.8) 464 19.8(11.5) 457 33.6(306) 303 333(30.6) 393 33.6(306) 350 267(21.0) 384
THST + GBE SP 20.6(12.5) 381 19.6(11.2) 49.1 20.1(11.8) 43.6 242(169) 615 314(272) 460 27.8(220) 533 24.1(169) 504
TH ST+ Ca SP 20.1(11.8) 416 22.1(141) 359 214(129) 387 27321.0) 522 31.1(273) 458 294(24.1) 488 254(187) 452
TH ST + TH SP+ GBE SP 20.5(11.2) 445 17909.5) 568 187(103) 506 24.7(17.5) 60.1 386(389) 228 31.7(282) 40.1 254(193) 434
TH ST + Ca SP + GBE SP 173(8.8) 564 17.08.6) 609 17.1(8.7) 586 26.1(194) 558 36.8(36.1) 284 315Q277) 412 245(182) 466
GBE ST + TH SP 19.1(109) 460 163(8.0) 63.6 17.894) 548 27.1(208) 526 339(312) 381 305260) 448 243(177) 481
GBE ST + GBE SP 162(7.8) 614 19.6(113) 486 179(9.5) 550 246(174) 604 343(319) 367 2950246) 478 239(17.1) 4938
GBE ST +Ca SP 153(7.0) 653 202(12.1) 450 17.8(9.6) 551 26.8(204) 53.5 344(323) 359 30.7(263) 442 244(179) 475
GBE ST + Ca SP + GBE SP 169(84) 584 22.1(142) 354 195(113) 469 249(17.8) 594 40.0(413) 180 32.529.5) 374 263(204) 402
GBE ST + Ca SP + GBE SP 17909.5) 530 185(10.1) 541 182(9.8) 535 267(202) 540 32.6(29.1) 423 29.7246) 478 240(172) 496
THST +GBE ST + TH SP 165@8.1) 599 185(10.1) 3541 17509.1) 570 322285 351 36.1(348) 309 34231.6) 329 259(204) 402
TH ST + GBE ST + GBE SP 1506.7) 668 154(7.0) 682 152(6.8) 675 262(196) 553 354(33.6) 333 308(266) 435 23.1(167) 510
THST +GBE ST+ Ca SP 16.1(7.8) 614 16.1(7.7) 650 162(7.7) 632 29.1(23.8) 458 30.8(26.6) 472 30.1(252) 465 23.1(165) 516

THST+GBEST+THSP+GBESP 16.7(83) 589 147(6.6) 700 158(74) 644 314(27.1) 383 341(316) 373 328(293) 378 243(184) 460
THST+GBEST+CaSP+GBESP 174(9.3) 540 156(72) 673 167(82) 606 252(18.1) 588 32.1(284) 436 28.7(232) 507 22.8(157) 539

GBE ST +Ca ST+ TH SP 184(100) 505 157(73) 668 17.1(86) 586 268(204) 535 322(284) 436 2950244) 482 233(165) 516
GBE ST +Ca ST+ GBE SP 156(73) 639 132(52) 764 144(62) 701 280(222) 494 342(316) 284 312069) 429 229(166) 513
GBE ST+ Ca ST +CaSP 190(106) 475 135(56) 745 1638.1) 610 250(179) 592 357(342) 321 304Q260) 448 236(17.1) 4938

GBEST+CaST+CaSP+GBESP 168(84) 584 134(54) 754 151(69) 669 238(163) 629 359(344) 317 299(253) 463 227(16.1) 528
GBEST+CaST+CaSP+GBESP 172(88) 564 14562) 718 158(75) 641 236(160) 635 355(338) 329 296(49) 471 229(162) 525
Control 26.7(20.2) 27.9(22.0) 27.321.1) 41.5(439) 452(504) 43 4(47.1) 354(34.1)
CD.(P<0.05) 38 55 49 44 NS 54 38

*mean of two replications; figures in parentheses are actual PDI and others are angular transformed values; Date of sowing: *19 Oct 2004, °16 Oct 2004, %07 Oct
2005, 05 Oct 2005; Observation recorded on: *133 days after sowing (DAS), 128 DAS; %132 DAS, ¢131 DAS; ST: seed treatment; SP: foliar spray; PDI:
percent disease incidence; PDR: percent disease reduction; “mean of two locations; "mean of two years over locations

Ca: Carbendazim; GBE: garlic bulb extract; TH: Trichoderma harzianum

Results and Discussion

In vitro studies indicated that GR isolate of 7" harzianum was 34.5% compatible with 1% garlic (4. sativum) bulb extract
while there was no growth of 7 harzianum in higher concentrations of the extract indicating that the isolate was not
compatible with higher (>2% w/v) concentrations of the bulb extract. No other isolate (P, SI-1, SI-2) of 7' harzianum was
compatible with the bulb extract at any concentration.

Seed treatment with garlic bulb extract provided significantly better (P < 0.05) and the best initial plant stand at both the
locations with a mean 20.2% increase in germination over control in 2004-05. Garlic bulb extract and Carbendazim both as
seed treatment in combination was significantly better (P < 0.05) than control and caused the best mean disease reduction
(65.1%) among the treatments at Sewar (Table 1). At Richoli, the best disease reduction was caused by a combination of seed
treatment by 7. harzianum and garlic bulb extract (54.4%), which was also the best in pooled analysis of data for the two
locations and again the best among treatments (percentage disease reduction: 56.6), when pooled analysis for the two years
over locations was done (Table 1). However, the best mean seed yield (32.3% increase over control) was provided by the
combination of seed treatments by garlic bulb extract and carbendazim supplemented by foliar sprays by garlic bulb extract
and carbendazim at Sewar, which was also the best treatment for seed yield for the mean over the two locations in 2005-06
(Table 2). At Richoli, the best seed yield was provided by combination of 7. harzianum and garlic bulb extract as seed
treatment supplemented by foliar spray of 7. harzianum, which was also the best in pooled analysis of the two years over the
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two locations (Table 2). Success of garlic bulb extract and 7" harzianum (Chattopadhyay e al., 2002, 2004) or by interplanting
with A. sativum (Liangjin Yang et al., 2003) in management of Sclerotinia rot of oilseed Brassica has been reported earlier,
which has been further vindicated by the conclusions of this study. Further, seed treatment plays an important role in
protecting the crop from the soilborne pathogen. However, study on integration of different agents was not reported earlier.

Table 2: Effect of different chemical and biological treatments on mustard seed yield

Seed yield (kg/ ha)*

Treatment 2004-05 2005-06 Pooled Mean”

Sewar" Richoli® Mean® Sewar? Richoli® Mean"
THST 18409 (259) 21364 (37.6) 19886 (31.7) 41098 (80) 33712 (14.1) 37405 (10.6) 2864.5 (17.2)
GBE ST 26742 (82.9) 2181.8 (40.5) 2428.0 (61.7) 3731.1 (2.0) 3712.1 (25.6) 3721.6 (10.1) 3074.8 (25.8)
Carbendazim ST 21439 (46.6) 20379 (31.2) 20909 (38.9) 36364 (4.7) 33333 (12.8) 34848 (3.1) 2787.8 (14.1)
THST+GBEST 20682 (414) 2409.1 (55.1) 2238.6 (48.2) 39204 (3.0) 3409.1 (154) 3664.7 (84) 2951.6 (20.8)
GBE ST + Carbendazim ST 18030 (233) 24242 (56.1) 21136 (39.7) 42424 (114) 3390.1 (14.7) 38162 (12.9) 29649 (21.3)
TH SP 1916.7 (31.1) 18939 (21.9) 19053 (26.5) 3371.2 (-11.4) 3541.7 (19.9) 34564 (2.2) 2680.8 (9.7)
GBE SP 2106.1 (44.0) 1931.8 244) 20189 (34.2) 3806.8 (0.0) 3806.8 (28.8) 3806.8 (12.6) 2912.8 (19.2)
Carbendazim SP 19167 (3L.1) 22727 (46.3) 20947 (38.7) 44508 (17.0) 32197 (9.0) 38352 (134) 29649 (21.3)
TH SP + GBE SP 23712 (62.2) 21439 (38.0) 2257.6 (50.1) 4166.7 (94) 35795 (21.1) 3873.1 (14.6) 30653 (25.4)
Carbendazim SP+ GBE SP 25227 (725) 2060.6 327) 22917 (52.6) 41856 (99) 30492 (32) 36174 (7.0) 29545 (20.9)
THST + THSP 22955 (57.0) 19924 (283) 21439 (42.6) 39659 (42) 32954 (11.5) 36306 (74) 28872 (18.1)
TH ST +GBE SP 20682 (414) 21439 (38.0) 21061 (39.7) 38447 (1.0) 28409 (-3.8) 33428 (-1.1) 27244 (11.5)
TH ST+ Carbendazim SP 18409 (259) 23864 (53.7) 21136 (39.8) 45644 (19.9) 33144 (122) 39394 (16.5) 30265 (23.8)
TH ST + TH SP+ GBE SP 22197 (51.8) 21970 (41.5) 22083 (46.6) 41856 (9.9) 26704 (9.6) 34280 (14) 28181 (153)
TH ST + Carbendazim SP + GBE SP 19924 (363) 2060.6 (32.7) 20265 (34.5) 35985 (5.5) 29924 (13) 32954 (-2.5) 26609 (8.9)
GBE ST + TH SP 22955 (57.0) 2007.6 (29.3) 21515 (43.1) 4507.6 (184) 34470 (16.7) 39773 (17.6) 30644 (254)
GBE ST + GBE SP 22955 (57.0) 20833 (34.1) 21894 (45.5) 4053.0 (6.5) 3522.7 (19.2) 3787.8 (12.4) 2988.6 (22.2)
GBE ST + Carbendazim SP 21439 (46.6) 18939 (21.9) 20189 (34.2) 38258 (0.5) 29545 (0.0) 3390.1 (0.3) 27045 (10.6)

GBEST + Carbendazim SP+ GBESP 21439 (46.6) 17803 (14.6) 1962.1 (30.6) 3579.5 (-6.0) 3409.1 (154) 34943 (34) 27282 (11.6)
GBE ST + Carbendazim SP+GBESP 27500 (88.0) 1969.7 (26.8) 23599 (574) 40151 (55) 30492 (32) 35321 (4.5) 29460 (20.5)

THST +GBE ST + TH SP 3053.0 (108.8) 2212.1 (42.4) 26326 (75.6) 41856 (9.9) 43939 (48.7) 42897 (26.9) 3461.1 (41.6)

TH ST +GBE ST + GBE SP 19924 (363) 21061 (356) 20492 (35.9) 42235 (10.9) 35227 (19.2) 3873.1 (14.6) 2961.1 (21.1)
TH ST + GBE ST + Carbendazim SP 24470 (674) 20985 (35.1) 22727 (512) 39583 (4.0) 34280 (16.0) 3693.1 (9.2) 29829 (22.0)
TH ST+ GBE ST + TH SP + GBE SP 21818 (492) 1969.7 (26.8) 20758 (38.0) 44318 (164) 32008 (83) 38163 (12.9) 29460 (20.5)
TH ST + GBE ST + Carbendazim SP+ GBE SP 20682 (41.4) 23485 (512) 22083 (463) 46780 (22.9) 35227 (19.2) 41003 (21.3) 31543 (29.1)
GBE ST + Carbendazim ST + TH SP 27500 (88.0) 21288 (37.1) 24394 (62.5) 4337.1 (139) 29167 (-1.3) 36269 (74) 3033.1 (24.1)
GBE ST + Carbendazim ST+GBESP 24470 (674) 2159.1 (39.0) 2303.0 (532) 45454 (194) 30303 (2.6) 3787.8 (12.0) 30454 (24.6)
GBE ST + Carbendazim ST + Carbendazim SP 2181.8 (49.2) 2060.6 (32.7) 21212 (40.9) 41667 (94) 3390.1 (147) 37784 (11.8) 29498 (20.7)

GBE ST + Carbendazim ST +
Carbendazim SP + GBE SP 25985 (77.7) 2075.8 (33.7) 2337.1 (55.7) 50379 (32.3) 3806.8 (28.8) 4422.3 (30.8) 3379.7 (28.3)
GBE ST + Carbendazim ST
+ Carbendazim SP + GBE SP 24470 (674) 22727 (46.3) 23599 (56.8) 4109.8 (8.0) 32954 (11.5) 3702.6 (9.5) 3031.2 (24.0)
Control 1462.1 1553.0 1507.6 3806.8 2954.5 3380.6 2444.1
C.D.(P<0.05) 548.0 354.6 451.3 673.9 NS NS 3654

*mean of two replications; figures in parentheses are percent increase in yield over control; Date of sowing: *19 Oct 2004, °16 Oct 2004, %07 Oct 2005, 05 Oct
2005; Harvested on: “136 days after sowing (DAS), ®135 DAS, 133 DAS, 132 DAS; ST: seed treatment; SP: foliar spray; “mean of two locations; "mean
of two years over locations; NS: not significant

From the above facts, it seems that seed treatment with garlic bulb extract should be a mandatory for checking the disease,
improving plant stand and seed yield. However, if supplemented with Carbendazim or T harzianum as seed treatment, it
would be better in checking the disease. For still better results to check foliar infection and improve seed yield,
supplementation of the combined seed treatment with foliar spray by 7. harzianum at 50 and 70 days after sowing could be
considered. The field trial for two years over two locations conclusively proved that garlic bulb extract (1% w/v) and T.
harzianum found to be compatible with each other in vitro was also found compatible when combined as seed treatments. The
trials also indicated that seed treatment with garlic bulb extract followed by carbendazim supplemented by foliar spray with
the same mixture was significantly better (P < 0.05) among the treatments in reducing the Sclerotinia rot incidence and in
increasing yield over control consistently over the two years.
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