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Abstract— A field experiment was conducted at Agricultural Research Station, S. D. Agricultural University, Ladol during
2019-20, 2020-21 and 2021-22 for management of root rot disease in soybean. The eight different treatments were evaluated.
Based on pooled data of three years, the result revealed that minimum mean disease incidence (2.45%) was observed with
seed treatment of Penflufen 13.28 % + Trifloxystrobin 13.28 % FS found lowest per cent disease incidence in throughout the

crop season in all three years followed by seed treatment with Thiophanate Methyl 45 % + Pyraclostrobin 5 % FS (2.95%).
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l. INTRODUCTION

Soybean (Glycine max L.) having both protein and oil, is an important oilseed crop. Cultivation of soybean in India was
negligible till 1970, but Production increased rapidly thereafter, crossing over 11.87 million tonnes in 2023-24 (Anon. 2023).
In India, annual losses due to various diseases are estimated as 12 per cent of its total production (M. Santha, 2007). More than
hundreds of pathogens are known to affect soybean where sixty-six fungi, six bacteria, eight viruses and seven nematodes
(Sinclair, 1978). Among these, soil borne diseases like root rot or collar rot caused by Rhizoctonia sp., Sclerotium rolfsii and
Fusarium sp. are gaining more importance as they reduce plant population in the field resulting in the heavy yield losses. The
pathogens are soil inhabitants and polyphagous facultative parasites. Muthusamy and Mariappan (1991) reported 77 per cent
losses due to Rhizoctonia bataticola and 14 — 74 per cent due to Sclerotium rolfsii. Manglekar and Raut (1997) have reported
30 per cent yield loss in soybean due to Rhizoctonia root/stem rot in Vidharbha region of Maharashtra. In Gujarat, this disease
occurs every year and contributing to yield loss in unsprayed crop of the farmers. Therefore, an experiment was conducting to
investigate the performances of fungicides under this agro-climatic region which can reduce loss with effective and economic

approach.
1. MATERIALS AND METHODOLOGY

Soybean crop (var. NRC-37) was raised following standard agronomical practices adopting flood irrigation method on
Agricultural Research Station, S. D. Agricultural University, Ladol. The experiment was laid out in a randomized block design
with eight treatments including untreated control with three replications. The planting was done at spacing of 45 x 10 cm. The
recommended dosage of fertilizers 45 kg N and 60 kg P per hectare was applied. Seeds treatment was imposed before the
time of seeds sowing as per the treatments given. The per cent disease incidence of root rot was recorded at 45 DAS, 60 DAS,

75 DAS and 90 DAS by selecting total plants comes in net plot area in each representative plots.
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Per cent disease incidence (PDI) was calculated by using the following formula:

PDI = No.of plant showing symptoms
Total no.of plant observed

x 100 1)

Based on these observations, per cent disease incidence (PDI) of soybean root rot was carried out. Yield (kg/ha) and economics

of treatments were also calculated

TREATMENT DETAILS

1 Seed Treatment with Carboxin 37.5 % + Thiram 37.5 % DS 2.25 300

Seed Treatment with Penflufen 13.28 % + Trifloxystrobin

2 13.98 % ES 154 +154 100
3 g;a/er:gdo'l;:?g:)rﬁ]egt%v;i;h Thiophanate Methyl 45 % + 125 250
4 Seed Treatment with Trichoderma harzianum 1.0 % WP 10 1000
5 Seed Treatment with Pseudomonas fluorescens 1.0 % WP 10 1000

T4 + Soil Application of T. harzianum 1.0 % WP +
6 Pseudomonas fluorescens 1.0 % WP (Enrich with each 2.5 - 5 kg/ha
kg in FYM @ 250 kg/ha)

Ts + Soil Application of T. harzianum 1.0 % WP +
7 Pseudomonas fluorescens 1.0 % WP (Enrich with each 2.5 - 5 kg/ha
kg in FYM @250 kg/ha)

8 Untreated Control - -

1. RESULTS AND DISCUSSION
3.1 Percent disease incidence:

In soybean wilt disease was not observed during all three years So, the data on PDI of root rot disease of soybean was recorded
periodically at 45, 60, 75 and 90 days after the sowing with different seed treatments. It is revealed from the data that
there was significant difference in percent disease Incidence during 2019-20, 2020-21, and 2021-22 and pooled also (Table 1,
2, 3and 4).
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TABLE 1
EFFECT OF DIFFERENT TREATMENTS ON ROOT ROT DISEASE IN SOYABEAN IN 2019-20
Per cent disease incidence (PDI)
Tr. No. Treatment T\zgf:
45 DAS | 60 DAS 75 DAS 90 DAS
d d
T Seed Treatment with Carboxin 37.5 % + 10.18° 9.65¢ 9.09° 8.30% 9.30%
! Thiram 37.5 % DS @ 3 g/kg of seed 313 282 25 209 263
f d f f f
T Seed Treatment with Penflufen 13.28 % + 9.28 8.70 8.09 6.38 8.11
2 Trifloxystrobin 13.28 % FS @ 1 mi/kg of seed |, o7 299 198 195 203
Seed Treatment with Thiophanate Methyl 45 10.00¢ 9.46° 8.70¢f 7.64° 8.95°f
Ts % + Pyraclostrobin 5 % FS@2.5 ml/kg of
seed -3.03 -2.71 -2.29 -1.77 -2.45
b b b
T Seed Treatment with Trichoderma harzianum 12.64° 12.36% 11.92° 11.00% 11.98%
4 1.0 % WP @ 10 gm/kg of seed 479 459 407 365 433
b b b b b
T Seed Treatment with Pseudomonas 13.71 13.05 12.64 11.62 12.76
° fluorescens 1.0 % WP @ 10 gm/kg of seed 563 511 479 406 4.9
T4+ Soil Application of T. harzianum 1.0 % 11.16¢ 10.68¢ 10.01¢ 8.70¢ 10.14¢
Te WP + Pseudomonas fluorescens 1.0 % WP ) ' ' ' '
(Enrich with each 2.5 kg in FYM @ 250 -3.75 -3.44 -3.03 -2.29 -3.13
kn/ha)
Ts+ Soil Application of T. harzianum 1.0 % 12.07¢ 11.77¢ 11.47¢ 10.52¢ 11.46¢
T, WP + Pseudomonas fluorescens 1.0 % WP 0 ' ' 05 46
(Enrich with each 2.5 kg in FYM @250 -4.38 417 -3.96 -3.34 -3.96
ka/ha)
14.47° 14.842 15.31° 16.55° 15.29%
Ts Untreated Control
-6.25 -6.56 -6.98 -8.13 -6.98
Y - - - - 0.08
S.Em.x T 0.23 0.25 0.22 0.24 0.34
YXT - - - - 0.23
C.D. at T 0.69 0.75 0.66 0.73 0.99
2% YxT - - - - 0.66
CV.% 3.37 3.76 3.45 4.14 3.67

Figures in parenthesis are retransformed values of arcsin transformation
Treatment mean with common letter(s) are not significant by DNMRT at 5% level of significance

Table 1 revealed per cent disease incidence in 2019-20, at 45 DAS seed treatment with Penflufen 13.28 % + Trifloxystrobin
13.28 % FS (2.61%) found significantly less disease incidence over rest of the treatments followed T3 and T1. At 60 DAS
same trends were found where seed treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (2.29%) recorded
minimum disease incidence, which was followed T3 and T1. At 75 DAS, seed treatment with Penflufen 13.28 % +
Trifloxystrobin 13.28 % FS (1.98%) was found repeatedly superior over rest of the treatment and at par with Thiophanate
Methyl 45 % + Pyraclostrobin 5 % FS (2.29%). At 90 DAS, seed treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 %
FS (1.25%) found significantly less disease incidence over rest of the treatments. In pooled over period data indicated that seed
Treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (2.03%) found minimum disease incidence which was
followed by seed treatment with Thiophanate Methyl 45 % + Pyraclostrobin 5 % FS (2.45%).
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TABLE 2
EFFECT OF DIFFERENT TREATMENTS ON ROOT ROT DISEASE IN SOYABEAN IN 2020-21
Per cent disease incidence (PDI
Tr. No. Treatment Isease Inci (PDI) Pooled
45 DAS 60 DAS 75 DAS 90 DAS Mean
d d b bed
T Seed Treatment with Carboxin 37.5 % + 12.09° 11.47° 10.17° 8.68™ 10.60"
! Thiram 37.5 % DS @ 3 g/kg of seed 44 396 313 299 344
d d
T Seed Treatment with Penflufen 13.28 % + 11.00° 10.67¢ 9.08 7.16° 9.47
2 Trifloxystrobin 13.28 % FS @ 1 mi/kg of seed | 5 oo 344 25 156 279
Seed Treatment with Thiophanate Methyl 45 11.65¢% 11.16% 9.64% 8.49P¢ 10.23¢
T3 % + Pyraclostrobin 5 % FS@2.5 ml/kg of
seed -4.08 -3.75 -2.81 -2.19 -3.21
b b b b b
T Seed Treatment with Trichoderma harzianum 12.53" 12.08™ 1117 9.79 11.54%
4 1.0 % WP @ 10 gm/kg of seed 471 438 417 292 405
b b b b b
T Seed Treatment with Pseudomonas 12.91 12.51 1117 9.99 11.80
° fluorescens 1.0 % WP @ 10 gm/kg of seed 5 47 417 3.02 429
Te WP + Pseudomonas fluorescens 1.0 % WP i ' i i i
(Enrich with each 2.5 kg in FYM @ 250 452 -4.07 -3.65 2281 -3.76
leni/hal
T, WP + Pseudomonas fluorescens 1.0 % WP ' : : ' '
(Enrich with each 2.5 kg in FYM @250 4.61 417 -3.75 -2.92 -3.86
lenn/hal
14.472 15.19? 15.662 15.55? 15.472
Ts Untreated Control
-6.25 -6.88 -7.29 -8.13 -7.14
Y - - - - 0.11
S.Em.+ T 0.22 0.23 0.25 0.49 0.41
YXT - - - - 0.32
CD.at T 0.66 0.7 0.77 1.5 1.22
5% YxT - ; - ; 0.91
CV.% 3.03 3.32 3.9 8.54 4.84

Figures in parenthesis are retransformed values of arcsin transformation

Treatment mean with common letter(s) are not significant by DNMRT at 5% level of significance
Table 2 revealed that the disease incidence in 2020-21. At 45 DAS, seed treatment with Penflufen 13.28 % + Trifloxystrobin
13.28 % FS (3.65%) found significantly less disease incidence over rest of the treatments, At 60 DAS, same trends were found
where seed treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (3.44%) recorded minimum disease incidence,
which was found at par with seed Treatment with Thiophanate Methyl 45 % + Pyraclostrobin 5 % FS (3.75%). At 75 DAS,
seed treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (2.50%) was found repeatedly superior over rest of the
treatment which was found at par with T3. At 90 DAS, seed treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS
(1.56%) found significantly less disease incidence over rest of the treatments. In pooled over period data indicated that seed
Treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (2.79%) found minimum disease incidence which was found
at par with seed treatment with Thiophanate Methyl 45 % + Pyraclostrobin 5 % FS (3.21%) and seed Treatment with Carboxin
37.5 % + Thiram 37.5 % DS (3.44%)
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TABLE 3
EFFECT OF DIFFERENT TREATMENTS ON ROOT ROT DISEASE IN SOYABEAN IN 2021-22
Per cent disease incidence (PDI)
Tr. No. Treatment T\;Oled
45DAS | 60DAS | 75DAS | 90 DAS cal
T Seed Treatment with Carboxin 37.5 % + 11.99% 11.30% 10.16° 9.39" 10.71%
! Thiram 37.5 % DS @ 3 g/kg of seed 432 385 312 269 35
T Seed Treatment with Penflufen 13.28 % + 9.33f 10.60° 8.95° 7.25¢ 9.03
2 Trifloxystrobin 13.28 % FS @ 1 ml/kg of seed | 5 g3 -3.39 243 161 252
Seed Treatment with Thiophanate Methyl 45 11.50¢ 10.98¢ 9.73cd 8.630¢ 10.21¢d
T3 % + Pyraclostrobin 5 % FS@2.5 ml/kg of
seed -3.98 -3.64 -2.87 -2.26 -3.19
T Seed Treatment with Trichoderma harzianum 12.69% 12.24 11.84° 10.04° 11.70°
* | 1.0% WP @ 10 gm/kg of seed 4.83 45 421 -3.07 -4.15
T Seed Treatment with Pseudomonas 13.09° 12.65° 11.89° 10.33° 11.99°
° fluorescens 1.0 % WP @ 10 gm/kg of seed 513 48 495 3.23 435
T4+ Soil Application of T. harzianum 1.0 % 12.18¢ 11.85¢ 11.16° 9.78P 11.24b¢
Te WP + Pseudomonas fluorescens 1.0 % WP
(Enrich with each 2.5 kg in FYM @ 250 -4.45 -4.22 -3.75 29 -3.83
ka/ha)
Ts+ Soil Application of T. harzianum 1.0 % 12.55b¢d 11.88% 11.47b 10.09° 11.50°
T WP + Pseudomonas fluorescens 1.0 % WP
! (Enrich with each 2.5 kg in FYM @250 4.73 -4.95 -3.96 -3.11 -4.01
kg/ha)
14.60a 15.512 15.872 16.752 15.682
Ts Untreated Control
-6.36 -7.16 -7.48 -8.32 -7.33
Y - - - - 0.12
S.Em.t T 0.2 0.24 0.26 0.54 0.39
YXT - - - - 0.34
C.D. at T 0.6 0.73 0.79 1.65 1.14
5% YXxT - - - - 0.96
CV.% 2.81 3.44 3.95 9.14 5.1

Figures in parenthesis are retransformed values of arcsin transformation
Treatment mean with common letter(s) are not significant by DNMRT at 5% level of significance

Table 3 revealed that the disease incidence. In 2021-22, At 45 DAS, seed treatment with Penflufen 13.28 % + Trifloxystrobin
13.28 % FS (2.63%) found minimum disease incidence which was followed by T3 and T1. At 60 DAS, seed treatment with
Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (3.39%) found repeatedly superior over rest of the treatment, which was found
at par with seed Treatment with Thiophanate Methyl 45 % + Pyraclostrobin 5 % FS (3.64%). At 75 DAS, seed treatment with
Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (2.43%) was found lower disease incidence, it was found at par with T3. At
90 DAS, seed treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (1.61%) found significantly less disease
incidence over rest of the treatments. In pooled over peroid data indicated that seed Treatment with Penflufen 13.28 % +
Trifloxystrobin 13.28 % FS (2.52%) significantly lower percent disease intensity as compared to control (7.25%), it was found
at par with T3 (3.19%).

In pooled over year analysis seed treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS (2.45%) found lowest per
cent disease incidence in throughout the crop season in all three years followed by seed treatment with Thiophanate Methyl 45
% + Pyraclostrobin 5 % FS (2.95%)
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3.2 Yield:

Effect of different treatments on soyabean grain yield was found significant as compared to untreated check during all the
years and pooled also (Table 5). During the year 2019-20 to 2021-22, seed Treatment with Penflufen 13.28 % + Trifloxystrobin
13.28 % FS was found very effective against soil borne diseases of soybean. The grain yield was recorded significantly higher
over rest of the treatments. In 2019-20, treatment T2 i.e. seed Treatment with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS
recorded maximum grain yield (18.10 g/ha) and it was found at par with treatments T3, T1, T6 and T7. In second year (2020-
21) same trends were recorded in grain yield. Treatment T2 i.e. seed Treatment with Penflufen 13.28 % + Trifloxystrobin 13.28
% FS repeatedly showed superior performance of grain yield. In the last year (2021-22) also where it was recorded 18.35 g/ha
and it was found at par with T3, T1 and T6. In case of pooled yield, the maximum yield was recorded from treatment T2, It
showed maximum grain yield 18.01 g/ha. Treatment T3 i.e. seed Treatment with Thiophanate Methyl 45 % + Pyraclostrobin 5
% FS was also found statistically very near with the treatments T2. Apart from all the treatments, treatment T3 and T1 were
recorded at par with overall superior treatment T2,

TABLE 4
EFFECT OF DIFFERENT TREATMENTS ON ROOT ROT DISEASE OF SOYABEAN (POOLED OVER YEAR)
T No T reatment Per cent disease incidence (PDI) Pooled
O 2019-20 | 2020-21 | 2021-22 Mean
T Seed Treatment with Carboxin 37.5 % + Thiram 9.30d% 10.600¢d 10.71b¢ 10.21¢%
! 37.5 % DS @ 3 g/kg of seed -2.63 -3.44 35 -3.19
- Seed Treatment with Penflufen 13.28 % + 8.11" 9.47¢ 9.03¢ 8.87f
2 Trifloxystrobin 13.28 % FS @ 1 ml/kg of seed 2.03 2.79 252 245
T Seed Treatment with Thiophanate Methyl 45 % + 8.95¢f 10.23¢ 10.21 9.80°
3 Pyraclostrobin 5 % FS@2.5 ml/kg of seed -2.45 -3.21 -3.19 -2.95
T Seed Treatment with Trichoderma harzianum 1.0 % | 11.98 11.54 11.70° 11.74
4 WP @ 10 gm/kg of seed -4.33 -4.05 -4.15 -4.18
T Seed Treatment with Pseudomonas fluorescens 1.0 12.76° 11.80° 11.99 12.18°
® % WP @ 10 gm/kg of seed 4.9 -4.22 -4.35 -4.49
T4+ Soil Application of T. harzianum 1.0 % WP + 10.144 11.14%¢ 11.24 10.84
Te Pseudomonas fluorescens 1.0 % WP (Enrich with
each 2.5 kg in FYM @ 250 kg/ha) -3.13 -3.76 -3.83 -3.57
Ts+ Soil Application of T. harzianum 1.0 % WP + 11.46° 11.28 11.50° 11.41%
Ts Pseudomonas fluorescens 1.0 % WP (Enrich with
each 2.5 kg in FYM @250 kg/ha) -3.96 -3.86 -4.01 -3.94
15.202 15.472 15.68% 15.482
Ts Untreated Control
-6.98 -7.14 -7.33 -7.15
Y 0.08 0.11 0.12 0.05
P - - - 0.12
T 0.34 0.41 0.39 0.29
S.Em.t Y xP - - - 0.11
YXT 0.23 0.32 0.34 0.16
PxT - - - 0.18
YXPxT - - - 0.31
cD T 0.99 1.22 1.14 0.88
.D. at
506 YXT 0.66 0.91 0.96 0.44
YXPXT - - - NS
CV.% 3.37 4.84 5.1 4.79

Figures in parenthesis are retransformed values of arcsin transformation
Treatment mean with common letter(s) are not significant by DNMRT at 5% level of significance
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TABLE 5
EFFECT OF DIFFERENT TREATMENTS ON GRAIN YIELD OF SOYABEAN (POOLED

. . o ) 0
T Seed Treatment with Carboxin 37.5 % + Tiram 37.5 % DS @ 16,22 15.79% | 16.40%c | 16.14%
3 g/kg of seed
Seed Treatment with Penflufen 13.28 % + Trifloxystrobin ] a a a
T2 13.28 % FS @ 1 ml/kg of seed 18.10 17.59 18.35 18.01
Seed Treatment with Thiophanate Methyl 45 % + a a ab a
Ts Pyraclostrobin 5 % FS@2.5 ml/kg of seed 18.01 17.56 17.16 17.57
- - - 0
Ta Seed Treatment with Trichoderma harzianum 1.0 % WP @ 10 14,05 13.075 13,21 13,44
gm/kg of seed
i 0,
Te Seed Treatment with Pseudomonas fluorescens 1.0 % WP @ 13,10 13.06b 13,12 13,09
10 gm/kg of seed
T4+ Soil Application of T. harzianum 1.0 % WP +
Ts Pseudomonas fluorescens 1.0 % WP (Enrich with each 2.5 kg | 15.36%¢ | 15.28% | 16.123¢ | 1559°
in FYM @ 250 kg/ha)
Ts+ Soil Application of T. harzianum 1.0 % WP +
T; Pseudomonas fluorescens 1.0 % WP (Enrich with each 2.5 kg | 14.64%¢ | 14.48% | 14.55¢ | 1456
in FYM @250 kg/ha)
Ts Untreated Control 12.56° 12.47° 12.21¢ 12.41¢
T 1.07 1.18 112 0.65
S.Em.t Y - - - 0.4
TxY - - - 0.65
C.D.at
506 T 3.27 3.57 3.4 1.86
YXxT - - - NS
CV.% 12.23 13.66 12.84 12.91
Treatment mean with common letter(s) are not significant by DNMRT at 5% level of significance
20
15
10
5
0

T1 T2 T3 T4 T5

EEEN Grain Yield(q) ==@==PDI

T6

T7

T8

FIGURE 1: Effect of different treatments on per cent disease incidence and grain yield of soyabean (Pooled)
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Seed Treatment with Carboxin 37.5
% + Thiram 37.5 % DS

300

600

TABLE 6
ECONOMICS OF VARIOUS TREATMENTS

355

955

16.14

83928

19396

18441

01:19.3

Seed Treatment with Penflufen 13.28
% + Trifloxystrobin 13.28 % FS

100

740

355

1095

18.01

93652

29120

28025

01:25.6

Seed Treatment with Thiophanate
Methyl 45 % + Pyraclostrobin 5 %
FS

250

600

355

955

17.57

91364

26832

25877

01:27.1

Seed Treatment with Trichoderma
harzianum 1.0 % WP

1000

300

355

655

13.44

69888

5356

4701

01:07.2

Seed Treatment with Pseudomonas
fluorescens 1.0 % WP

1000

390

355

745

13.09

68068

3536

2791

01:03.7

T4+ Soil Application of T. harzianum
1.0 % WP + Pseudomonas
fluorescens 1.0 % WP (Enrich with
each 2.5 kg in FYM @ 250 kg/ha)

5 kg/ha

3025

1775

4800

1559

81068

16536

11736

01:02.4

T7

Ts+ Soil Application of T. harzianum
1.0 % WP + Pseudomonas
fluorescens 1.0 % WP (Enrich with
each 2.5 kg in FYM @250 kg/ha)

5 kg/ha

3115

1775

4890

1456

75712

11180

6290

01:01.3

Ts

Untreated Control

12.41

64532

Labour cost: Rs. 355/- (for seed treatment) 2 labour extra for 2 days to enrich FYM and soil application, Soybean: Rs. 52/kg, FYM: Rs. 1000/- for 500 kg.
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V. CONCLUSION

Treat the seed with Penflufen 13.28 % + Trifloxystrobin 13.28 % FS at the rate of 1 ml/kg of seed for effective and economic
management of root rot disease of soybean.
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