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ABSTRACT 
 

Charcoal rot (Macrophomina phaseolina) causes high grain yield loss in major soybean-growing 
nations worldwide. The present study aimed to reveal the effect of stage-wise charcoal rot 
incidence and their root and stem severity index on the yield criteria of soybean varieties. 
Additionally, an attempt was made to derive integrated management practices and their influence 
on seed quality. All the twelve varieties were affected by charcoal rot, and its incidence and root 
and stem severity index were high in Shivalik (48.5% and 3.7, respectively). In yield estimation, the 
percentage of yield loss ranged from 8.7% (JS 20-98) to 53.9% (Shivalik). Percent yield loss had a 
strong significant positive relation with percent incidence (0.912**) and Root and Stem severity 
index (0.813**) of charcoal rot. Seed treatment of Penflufen 13.28% + Trifloxystrobin 13.28 % FS @ 
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1ml/kg followed by spraying of tebuconazole 25% EC @ 0.1 % spraying at 45,60,75 days was 
significantly superior in reducing charcoal rot (19.7%) in comparison to untreated (37.3%). The 
highest seed germination (80.0 %) and least association with M. phaseolina (13.33%), Aspergillus 
flavus (3.33%), Fusarium sp., (13.34%) in comparison to control (50, 36.67, 23.33 and 36.67 %, 
respectively) were also resulted from the seed obtained from above treatment. In bioagent, seed 
treatment of T. harzianum @ 10 gm/kg followed by foliar spray of tebuconazole 25% EC @ 0.1% at 
45,60,75 days was the second-best combination among all treatments in all respects. The effect of 
these fungicides and bio agents as seed treatment also improved the number of branches, pods, 
100 seed weight and yield. Hence, these combinations could be applied to minimize charcoal rot 
and yield losses in soybean.   
 

 
Keywords: Associated mycoflora; charcoal rot; incidence; management and yield loss. 

 
1. INTRODUCTION 
 

Soybean (Glycine max (L.) Merrill), also 
designated as "Golden bean", is the predominant 
legume crop distributed across the world [1]. It is 
one of the major oil crops worldwide. India ranks 
fifth in soybean oil production and consumption 
[2]. In India, the area is 12.7 Mha with an annual 
production of 10.45 Mt and a productivity of 0.82 
tons per hectare as per the data for 2021-22 [3]. 
Madhya Pradesh is a key soybean contributing 
state called "Soya state" or "Fort of Soybean". Its 
contribution to the national basket is more 
significant than 50% of area and production. It 
covers 54.01 lakh hectares and annually 
produces 6.69 million tonnes with a productivity 
of 1020 kg/ha (SOPA, 2021). Soybean is highly 
recognized and multipurpose utility food as it 
contains high protein (36.1-42.2%), balanced 
edible oil (16.8-20.2 %) and other valuable 
constituents (Kumar et al., 2019; Uikey et al., 
2022; Banerjee et al., [4] Jawarkar et al., [5]. It is 
also one of the most suitable crops in crop 
rotation. It improves soil fertility by nitrogen 
fixation ability and economizes crop production 
for themselves and the next crop grown [6]. 
 

Soybean crop is affected by many economic 
diseases worldwide [7]. In India, the central part 
of the country that contributes around 90 per-
cent of soybean has been reported to be affected 
by several diseases Amrate et al., [8]. Amrate & 
Shrivastava, [9] Amrate et al., [10] Rajput et al., 
[11] Nataraj et al., [12]. Among the fungal 
diseases, charcoal rot of soybean has been 
reported to cause epiphytotic in the U.S.A, 
China, Argentina, and Brazil Wrather et al.,[13] 
and in India, it is also caused grain yield loss of 
Soybean Wrether et al.,  [7] Amrate et al., [14]. 
The disease is common in central India, including 
in Madhya Pradesh, Maharashtra and Rajasthan 

Amrate et al., [15]. Its pathogen, Macrophomina 
phaseolina, has a wide range, including about 
500 different crop plant species and is reported 
to be soil, seed and stubble-borne [16]. 
Amrate et al. [15]. Symptoms of charcoal rot are 
more common during the reproductive stage of 
the crop. The plant's initial dull greenish colour 
can recognize the disease, followed by rapid 
wilting. Even after wilting, the leaves may remain 
attached. Finally, the lower stem and taproot may 
appear charcoal-like greyish-black Amrate et al., 
[17]. This fungus survives through microsclerotia, 
which germinate to produce germ tubes and 
causes infection in emerging seedlings as well as 
in adult plants throughout the cropping season 
Luna et al., [16]. Amrate et al., [18] Amrate et al., 
[15]. The fungus can survive for more than ten 
months under dry soil conditions.  
 
Due to the very wide host range and necrotrophic 
nature of the pathogen, the disease is difficult to 
manage. Growing resistant or moderately 
resistant varieties is a very practical, economical, 
sound and environmentally friendly approach to 
managing charcoal rot [19] Amrate et al., [14] 
Amrate et al., 2023b). In addition to this, seed 
treatment with fungicides, biological control 
agents, plant extracts, soil solarization, chemical 
inducers, modification of planting dates, and crop 
rotation are also effective in minimizing the 
incidence of charcoal at some limit Hewidy et al., 
[20] Dubey et al., [21] El-Baz, [22] Luna et al., 
2017).[16]. In the recent past, very high 
incidences of charcoal have been observed in 
varieties and several crucial genetic stocks, 
including an exotic collection of soybeans in 
Madhya Pradesh Agro-conditions Amrate et al., 
[23] Amrate et al., 2023). The disease regularly 
occurs, but its severity depends on 
environmental conditions and the type of cultivar 
grown. Hence, a detailed and systemic study 
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about stage-wise disease appearance and their 
impact on soybean yield is required. Besides 
this, management of the disease also needs to 
be worked out by using recent means. Therefore, 
the present study was carried out to determine 
the stage-wise appearance of disease and its 
influence on yield and to evaluate integrated 
management practices and their influence on 
seed quality parameters.  
 

2. MATERIALS AND METHODS 
 

2.1 Isolation and Identification of 
Pathogen   

 
A plant showing typical symptoms of Charcoal rot 
was identified [17]. The associated pathogen was 
isolated on PDA using a standard isolation 
technique and identified based on a standard key 
[24]. 

 
2.2 Incidence of Charcoal rot Root and 

Stem Severity Index 
 
An experiment was conducted to assess the 
occurrence of charcoal rot in soybean and its 
effect on seed yield and quality. The experiment 
took place at the experimental area of AICRP on 
Soybean, Breeder Seed Production unit, JNKVV, 
Jabalpur during the Kharif season of 2022. This 
experiment was conducted in RBD while keeping 
two replications in a plot size of 3 x 0.9 m2 
(three-row plot). Twelve varieties were sown in 
the last week of June. All the recommended 
practices were followed to raise the crop in the 
field. Observation of Charcoal rot incidence was 
taken at randomly selected plants at the 
flowering (R1-R2), pod development (R3-R4), 
seed development (R5-R6) and maturity stage 
(R7-R8). The following formula calculated the 
percent disease incidence [25]. 
 

Percent disease incidence =
No of plants death

Total number of plants observed
× 100 

 
Plants were also observed for microsclerotia and 
vascular discoloration at the same stages by 
splitting the stem longitudinally (1-5 rating) [19]. 
This root and stem severity (RSS) index of 
charcoal rot infection was taken from five 
randomly selected plants. The root and stem 
severity index is the depiction of Macrophomina 
phaseolina infection on lower part of stem and 
root. The rating scale followed for this root and 

stem severity index in present study are well 
described in Fig. 1. Percent Yield loss estimation. 
 
A similar set of twelve varieties was also 
evaluated for yield loss estimation due to 
charcoal rot. Five healthy plants, not affected by 
any other disease, were tagged and harvested 
separately. The expected yield of a healthy plot 
was calculated by multiplying the average yield 
of one healthy plant by the number of plants. In 
the end, the actual yield of the plot was taken. 
The plant showing other disease symptoms was 
avoided [14]. The following formula was used for 
calculation of percent yield reduction [14]. 
 

Percent yield reduction = Expected yield - 
Actual yield / Expected yield x 100 

 
2.3 Integrated Management of Charcoal 

Rot 
 
Another field experiment evaluated the efficacy 
of various seed treatments and foliar applications 
at different day intervals during Kharif 2022. 
Moderately susceptible variety JS - 20-29 was 
sown in randomized block design in the plot size 
of 3m x 2m (five rows plotted 40 cm line to line), 
keeping three replications. A total of 8 treatment 
combinations were applied, and sowing was 
done the first week of July. The percentage 
incidence of charcoal rot was recorded at 45, 60, 
75, and 90 days after sowing, with a sample of 
100 plants randomly selected from each 
treatment. Using the per cent mortality due to 
charcoal rot at 45,60,75 and 90 days, AUDPC 
(Area under disease progression curve) was 
calculated as given by Shaner and Finney, [26]. 
  

AUDPC = ∑ [(𝑦𝑖𝑛−𝑖
𝑖=1 + yi+1)/2] [ti+1- ti] 

 
Where,  

 
yi = Percent incidence at ith observation,   
ti = time (days) at ith observation, and   
n= number of observations. 

 
Other observations, such as the number of 
branches and pods, were counted from the five 
randomly selected plants from each treatment at 
harvesting time. Plot-wise, the yield was 
collected in gm and later converted into q/hectare 
for each treatment. The hundred seed weights 
were measured for each treatment. 
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A B C D E 
 

Fig. 1. Depiction of Root and stem severity index of charcoal rot 
A. No infection, blackening and microsclerotia absence (Score =1) 
B. Slight infection, scattered microslerotia and vascular tissue discolouration is not prominent (Score= 2)  
C. Moderate infection, vascular tissue discolouration and microsclerotia presence partially and clearly (Score 

=3)  
D. Severe infection, numerous microsclerotia presence inside and outside of epidermis and vascular tissue 

(Score=4) 
E. Very severe infection, complete blackening of internal and outer portion of root and stem with presence of 

numerous microsclerotia (Score =5) 

 

2.4 Effect of Treatment on Seed Quality 
 
The seed obtained from previous field trials, 
treatment and replication wise, was also utilized 
to determine the influence of treatments on seed 
germination and association of the mycoflora 
seed quality. The collected replication seeds 
were sown in pots at 300C to 350C. After ten 
days, the seed was observed for germination. 
 

Percent seed germination  

=
Total germinated seed

Total number of seed sown
× 100 

 
In another trial, a standard blotter test was 
carried out to detect mycoflora associated with 
seeds collected from previous year’s field trial 
[27]. The base of sterile plastic petri plates was 
covered with three layers of blotting paper 

(Whatman TM filter paper no. 1) soaked in sterile 
distilled water, ensuring enough. Soybean seeds 
were placed evenly spaced on petri dishes in 
aseptic conditions and incubated for seven days. 
The seeds were then scrutinized using a stereo 
binocular microscope on the seventh day. Fungal 
structures, such as conidia, conidiophores, and 
fruiting bodies, were examined to identify specific 
fungi. Identification was carried out under a 
compound microscope by placing a glass object 
containing fungal scrapings on the seeds [28]. 
The microflora associated with the tested seeds 
were counted and recorded. The percentage of 
infection by seed was calculated using the 
formula given below. 
 

Infection percentage = 
Infected seed

Total seeds
× 100 
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All the data wherever required, transformed 
appropriately and analysed by using online 
software OP stat and SPSS 16.  
 

3. RESULTS AND DISCUSSION  
  

3.1 Incidence of Root and Stem Severity 
Index of Charcoal Rot 

 
The incidence of charcoal rot among all the 
varieties started in the seed development stage 
(R5-R6) and was high in the maturity stage (R7-
R8). The distribution of charcoal rot among the 
varieties was statistically significant at both 
stages of seed development (R5-R6) and 
maturity stage (R7-R8) (Table 1). Before this, no 
incidence of charcoal rot was observed during 
flowering (R1-R2) and pod development stage 
(R3-R4). The percentage of incidence of 
charcoal rot ranged from 0.0% (HIMSO 1689, 
NRC 86, and JS 20-98) to 37.5% (Shivalik) at 
seed development. Variety Shivalik (48.5%) 
showed the highest per cent incidence, followed 
by JS 20-94 (37.5%) at maturity (R7-R8) (Table 
1). The lowest per cent incidence was found in 
variety JS 20-98 (3.0%) followed by NRC 86 
(17.0%) at the maturity stage. In the root and 
stem severity index, in the early reproductive 
stage (Flowering and pod development), the root 
and stem severity of charcoal rot of all the 
varieties was 1.0, similar to healthy plants. The 
root and stem infection were visible in the seed 
development stage (R5-R6) and high in the 
maturity stage (R7-R8). Among all varieties, 
Shivalik (3.7) showed the highest root and stem 
severity of charcoal rot, followed by JS 20-
94(3.1). The lowest root and stem severity of 
charcoal rot was found in JS 20-98 (1.2) followed 
by NRC 86 (1.6). Similar to the per cent 
incidence, the Root and stem severity index of 
charcoal rot varied significantly among varieties 
at both seed development and maturity stages 
(Fig. 1). 
 
In previous research, up to 100% incidence of 
charcoal rot was noticed in soybean varieties and 
germplasm (Amrate et al., 2019; [14] Amrate et 
al., 2023). Singh and Bhowmick (1991) reported 
root rot incidence of up to 71.5 Percent in 
sesamum. Charcoal rot is a common, highly 
distributed disease in soybean, and its incidence 
was recorded by many researchers in different 
regions of the world (El- araby et al., [29]. 
Mengistu et al., [30] Ansari, [31] Bradly & Rio, 

[32] The root and stem severity index is an 
important observation that can be utilized by 
identifying the plant affected by M. 
phaseolina without showing symptoms. 
Mengistu et al., [19] described the criteria of root 
and stem severity index of charcoal rot and 
reported various levels of infection (1-5) in 
soybean. Other researchers also mentioned the 
root and severity index of charcoal rot 
Mengistu et al., [33] Coser et al., [34] Luna et 
al., [16].  
 

3.1 Yield Loss Estimation  
 
Among healthy plants of varieties, the highest 
yield was obtained from NRC 86 (7.2gm plant), 
followed by JS 20-98 (7.0 per plant) and JS 335 
(6.4 per plant). The 100 seed weight ranged 
between 9.6 (NRC 7) to 11.6 (Punjab 1) in 
healthy plants of variety (Table 1). The yield was 
expected to range from 532.9 gm to 846.8 gm. 
Due to the attacks of charcoal rot in varying 
intensity, the actual yield was obtained from 
247.5 gm to 773.0 gm. The actual 100 seed 
weight was obtained from 6.3gm (Shivalik) to 
11.2 gm (JS 20-98). Charcoal rot in seed 
development and maturity stage were 
significantly affected yield and 100 seed weight. 
The highest yield reduction in variety Shivalik 
(53.9%) and 100 seed weight in variety JS 20-94 
(41.6%) were recorded. The lowest reduction in 
yield and 100 seed weight in JS 20-98 of 8.7% 
and 2.3%, respectively, were recorded. Pearson 
correlation matrix was derived among the 
severity of charcoal rot (root and stem severity 
index, and per cent incidence), and yield 
parameters revealed that per cent yield loss had 
a solid significant positive relation with per cent 
incidence (0.912**) and Root and Stem severity 
index (0.813**) of charcoal rot (Table 2). 
Similarly, loss in 100 seeds was also significantly 
positively related to the per cent incidence 
(0.884**) and root and stem severity (0.888**) of 
charcoal rot. Previous to this, Amrate et al.,  [14] 
recorded 92.6% yield reduction in a soybean 
variety affected by charcoal rot disease. 
 

3.2 Effect of Treatments on Percent 
Incidence of Charcoal Rot and AUDPC  

 
Results revealed that fungicidal treatments and 
bioagents significantly reduced charcoal rot 
incidence at 75 DAS and 90 DAS (Table 3). 
Among all treatments, seed treated with 
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Penflufen 13.28% + Trifloxystrobin 13.28 % FS 
@1ml/kg seed + spraying of Tebuconazole 25% 
EC @0.1% at 45,60,75 days (T3) recorded the 
lowest incidence and AUDPC (75 DAS, 4.3%) 
(90 DAS, 19.7%) (AUDPC, 212.5). It was found 
to be significantly superior to untreated control. 
Other treatment seed treatment with Trichoderma 
harzianum@10gm/kg seed + foliar spray with 
Tebuconazole25% EC @0.1% at 45,60,75DAS, 
(T6) (75 DAS, 8.0%) (90 DAS, 21.0%) (AUDPC 
277.5) were also effective in reducing the 
incidence of charcoal rot significantly. The 
incidence of charcoal rot (13.7% at 75 DAS), 
(37.3%, 90 DAS) and AUDPC (485.0) was high 
in untreated. Several researchers also reported 
the efficacy of bioagents and fungicides 
against M. phaseolina. Elham et al. [35] reported 
the effectiveness of three Trichoderma 
harzianum against charcoal rot in soybean 
(Glycine max L.). One of its isolates exhibited 
little plant disease indices in field studies, both in 
the soil incorporation (11.98%) and seed 
inoculation (5.55%) treatments. Murthy et al. 
(2003) found increased germination over control 
of black gram against M. 
phaseolina and Fusarium spp. 
 
Data showed that number of branches, pods 
were found significant better in (T6) seed 
treatment of Trichoderma harzianum@10gm/kg 
seed plus spraying of Tebuconazole 25% EC @ 
0.1% at 45,60,75 DAS and hundred seed weight 
and yield (Q/ha) were also found significant 
better (T3) in Seed treatment of Penflufen 
13.28% + Trifloxystrobin 13.2% FS @ 1ml/kg 
seed plus +spraying of Tebuconazole 25% @ 
0.1% at 45,60, 75 DAS. In the case of untreated, 
all these parameters had the lowest value. Indra 
and Gayathri [36] reported seeds treated 
with Trichoderma sp. (4g/kg seeds), the 
incidence of root rot caused by M. 
phaseolina was significantly reduced by 50%, 
and plant growth parameters such as root length, 
shoot length, grain yield, and nodulation were 
improved compared to control in black gram. 
Latha and Narasimhan [37] recorded that Black 
gram seed treated with carbendazim (2g/kg) 
produced the highest pod production and the 
fewest roots compared to the control. 
Rajeshwari et al., [38] reported the effectiveness 
of T. harzianum as a seed treatment and soil 
application in reducing the disease by 95.3%, 
increasing seed germination by 96%, increasing 
plant height by 35.5 cm, and increasing total 
biomass by 2.53 g/plant as opposed to control of 

dry root rot caused by M. phaseolina of green 
gram. 
 

3.3 Effect of Treatments on Post-Harvest 
Germination of Seed and Associated 
Seed Mycoflora  

 
Maximum seed germination was shown by seed 
treatment with Penflufen 13.28% + Trifloxystrobin 
13.28 % FS @1ml/kg plus spraying of 
tebuconazole 25% EC@ 0.1% at 45, 60, 75 days 
(T3) (80%) followed by (T2) seed treatment of 
Penflufen 13.28% + Trifloxystrobin 13.28 % FS 
@ 1ml/kg plus spraying of Tebuconazole 25% 
0.1% at 45, 60 days and seed treatment with T. 
harzianum 10 gm/kg plus and foliar spray of 
Tebuconazole25% EC @0.1% at 45, 60, 75 days 
(T6) (76.67%) (Fig. 2). Only seed treatment 
either of Penflufen 13.28% + Trifloxystrobin 
13.28 % FS@ 1ml/kg (T7) (63.33%) or T. 
harzianum 10gm/kg seed (60.0%) had low seed 
germination. Fungicide spraying has resulted in 
improving germination and the quality of the 
seed. Significant differences in the occurrence of 
seed mycoflora were observed in variety JS20-
29, and the results indicated that a total of 3 
fungal species viz., Macrophomina phaseolina, 
Aspergillus flavus, and Fusarium sp. were 
detected (Fig. 3). However, in most of the 
treatments, the highest seed mycoflora were 
found in untreated control (T9) M. 
phaseolina (36.67%), A. flavus, (23.33%) 
and Fusarium sp. (36.67%). Data showed that 
the lowest seed mycoflora were found in seed 
treatment with Penflufen 13.28% + Trifloxystrobin 
13.28 % FS @1ml/kg plus spraying of 
Tebuconazole 25% EC0.1% at 45 ,60,75 days 
(T3) M. phaseolina (13.33%), A. flavus 
(3.33%), Fusarium sp. (13.34%) followed by and 
seed treatment with T. harzianum @ 10gm/kg 
seed plus foliar spray with Tebuconazole25% EC 
0.1% at  45 ,60,75 days (T6) Macrophomina 
phaseolina (23.33%), Aspergillus flavus, 
(16.67%),  Fusarium sp. (23.33%) respectively 
(Fig. 2 and 3). Similar to this, Alemu et al. [39] 
reported that a total of five fungi species 
comprising four genera, namely Aspergillus 
flavus, Aspergillus niger, Fusarium sp., 
Penicillium sp. and Rhizopus sp. from soybean 
seed. Ramesh et al.,  [40] examined and 
isolated M. phaseolina, Fusarium spp., A. flavus, 
A. niger, Phoma sp. and Sclerotinia sclerotium by 
using agar and standard blotter technique 
[41,42]. 
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Table 1. Incidence of root and stem severity index of charcoal rot at seed development (R5-R6) and maturity stage (R7-R8) of Soybean 
 

 Seed development stage 
(R5-R6) 

Maturity stage  
(R7-R8) 

healthy plant Expected plot 
yield (gm) 

Actual Yield loss 
(%) 

100 Seed 
weight loss 
(%) Variety Incidence (%) R & S 

index 
Incidence (%) R & S 

index 
Yield (gm) 100 seed 

weight (gm) 
plot yield 
(gm) 

100 SW 
(gm) 

HIMSO 1689 0.0 1.0 18.0 1.9 6.2 10.6 676.1 533.0 9.2 20.8 13.1 
NRC 86 0.0 1.0 17.0 1.6 7.2 11.0 753.8 604.8 9.5 19.7 14.0 
JS 20-98 0.0 1.0 3.0 1.2 7.0 11.4 846.8 773.0 11.2 8.7 2.3 
JS 20-94 17.5 1.3 37.5 3.1 5.9 11.0 642.3 360.3 6.4 43.9 41.6 
JS 20-116 10.5 1.7 21.5 1.7 6.3 11.3 749.0 529.4 9.1 29.3 19.3 
RVS 2001-14 18.0 1.8 27.0 2.9 5.5 11.0 656.3 517.5 8.3 21.4 24.3 
AMS 100-39 5.0 1.3 18.0 2.6 6.3 10.6 723.6 519.1 7.7 28.2 27.2 
JS 97-52 19.5 1.9 27.0 2.7 5.4 9.9 629.2 422.4 8.0 32.8 18.9 
NRC 7 15.0 1.5 23.5 2.2 5.1 9.6 532.9 353.4 7.8 33.8 18.7 
Shivalik 37.5 3.5 48.5 3.7 4.4 10.1 536.4 247.5 6.3 53.9 37.5 
JS 335 13.0 1.2 21.5 2.1 6.4 10.6 678.3 525.0 8.6 22.6 18.4 
Punjab 1 15.0 1.8 26.5 2.5 5.4 11.6 642.5 495.0 8.5 23.0 27.1 
SE(m) 2.94 0.30 3.57 0.28 0.21 0.28 21.01 28.92 0.18 3.56 1.90 
CD(p=0.05) 9.28 0.92 11.24 0.89 0.68 0.88 66.19 91.11 0.59 11.22 5.99 

 
Table 2. Correlation between charcoal rot severity, incidence and yield parameters 

 
 Yield and 100 seed weight obtained Percent Yield and 100 seed weight loss 

Yield 100 seed weight Yield 100 seed weight 

Charcoal rot incidence -0.912** -0.903** 0.912** 0.884** 
Root and stem severity -0.834** -0.915** 0.813** 0.888* 
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Table 3. Effect of treatment on percent incidence of charcoal rot and growth parameters and yield of soybean 
 

TN Treatment details Percent incidence AUDPC Number of 
branches 

Number of 
pods 

100 seed 
weight (gm) 

Yield 
(Q/ha) 75 DAS 90 DAS 

T1 ST - Penflufen 13.28% + Trifloxystrobin 13.28 % FS @1ml + 
FA - Tebuconazole 25% EC @0.1% at 45 days 

10.7 22.7 330.0 2.3 23.0 9.6 12.1 

T2 ST-Penflufen 13.28% + Trifloxystrobin 13.28 % FS @1ml + 
FA - Tebuconazole 25% EC @0.1% at 45,60 days 

10.3 22.3 322.5 2.7 24.0 10.0 14.1 

T3 ST-Penflufen 13.28% + Trifloxystrobin 13.28 % FS @1ml + 
FA - Tebuconazole 25% EC @0.1% at 45,60 and 75 days 

4.3 19.7 212.5 2.6 24.7 10.3 14.6 

T4 ST – T.  harzianum @10gm/kg seed +FA - Tebuconazole 
25% EC @0.1% at 45 days 

11.3 25.3 360.0 2.3 22.0 9.4 11.2 

T5 ST – T. harzianum @10gm/kg seed +FA - Tebuconazole 25% 
EC @0.1% at 45, 60 days 

9.7 25.0 332.5 2.3 21.7 9.6 11.8 

T6 ST – T. harzianum @10gm/kg seed +FA - Tebuconazole 25% 
EC @0.1% at 45,60 and 75 days 

8.0 21.0 277.5 2.7 26.0 9.6 12.7 

T7 ST-Penflufen 13.28% + Trifloxystrobin 13.28 % FS @1ml/Kg 12.0 25.3 370.0 2.3 22.7 9.7 11.9 

T8 ST – T. harzianum@10gm/Kg 12.7 26.7 390.0 2.0 20.3 9.4 11.2 

T9 Untreated ( control ) 13.7 37.3 485.0 2.0 19.3 9.2 10.5 

SE(m) - 0.72 2.17 20.97 0.27 0.98 0.06 0.14 
CD (p=0.05) - 2.19 6.58 60.42 0.82 2.92 0.19 0.42 

ST- Seed treatment      FA- Foliar application 
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Fig. 2. Effect of Field treatments on post-harvest germination of seed and associated mycoflora 
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Fig. 3. Identification of seed associated mycoflora in seeds collected from field applied with 

different treatments 
 

4. CONCLUSION  
 
Our results have shown that using seed obtained 
from a previously treated field with fungicidal or 
bio agents, followed by a foliar application of 
fungicide, can significantly improve seed quality. 
This may be due to the combined effect of 
reducing pathogenic attacks and improving plant 
health, ultimately leading to better germination 

rates and a lower occurrence of other fungi in the 
seeds. 
 

ACKNOWLEDGEMENT  
 
The authors are highly thankful to the faculties of 
Department of plant breeding and genetics, and 
Department of plant pathology for providing 
valuable support and guidance. 
 



 
 
 
 

Patidar et al.; Int. J. Environ. Clim. Change, vol. 13, no. 12, pp. 830-842, 2023; Article no.IJECC.110218 
 
 

 
840 

 

 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES  

 
1. Banerjee J, Shrivastava MK, Amrate PK, 

Singh Y, Upadhyay A,  Soni M. Genetic 
variability and association of yield 
contributing traits in advanced breeding 
lines of soybean. Electron. J. Plant Breed. 
2022;13(2):597-607. 

2. Barela A, Shrivastava MK, Mohare S, 
Rahangdale S, Jawarkar S, Amrate PK,  
Singh Y. Morphological Characterization 
and Recognition of New Traits of Soybean 
[Glycine max (L.) Merrill]. International 
Journal of Environment and Climate 
Change. 2022;12(12):1497–1504. 
Available:https://doi.org/10.9734/ijecc/2022
/v12i121592 

3. USDA. World Agricultural Production. 
United States Department of Agriculture; 
2022. 

4. Banerjee J, Shrivastava MK, Singh Y,  
Amrate PK. Estimation of genetic 
divergence and proximate composition in 
advanced breeding lines of soybean 
(Glycine max (L.) Merrill. Environment and 
Ecology. 2023;41(3C):1960–1968.   
Available:https://doi.org/10.60151/envec/V
YWE5744. 

5. Jawarkar S, Shrivastava MK, Satpute GK, 
Amrate PK, Barela A,  Nagar SK. 
Morphological Characterization of 
Recombinant Inbred Lines of Soybean 
[Glycine max (L.) Merrill]. International 
Journal of Environment and Climate 
Change. 2023;13(9):521–527. 
Available:https://doi.org/10.9734/ijecc/2023
/v13i92265. 

6. Nassiuma D,  Wasike W. Stability 
assessment of soybean varieties in Kenya. 
African Crop Science Journal. 
2002;10(2):139-144. 

7. Wrather A, Shannon G,  Balardin R. Effect 
of diseases on soybean yield in the top 
eight producing countries in 2006. Plant 
Health Progress. 2010;11:1.  
Available:https://doi.org/10.1094/PHP-
2010-0102-01-RS 

8. Amrate PK, Pancheshwar DK,  
Shrivastava MK. Evaluation of soybean 
germplasm against Charcoal rot, Aerial 

blight and yellow mosaic virus disease in 
Madhya Pradesh. Plant Disease Research. 
2018;33(2):185–190.  

9. Amrate PK,  Shrivastava MK. Yield 
response and pathological characterization 
of promising genotypes of soybean against 
major diseases in Madhya Pradesh. 
Journal of Oilseeds Research. 
2021;38(4):380-384. 

10. Amrate PK, Shrivastava MK,  Singh G. 
Identification of sources of resistance and 
yield loss assessment for aerial blight and 
anthracnose/pod blight diseases in 
soybean. Legume Research. 
2021a;10.18805/ LR-4452 . 

11. Rajput L, Nataraj V, Kumar S, Amrate PK, 
Jahagirdar S,  Huilgol S. WAASB index 
revealed stable resistance sources for 
soybean anthracnose in 
India. Journal of Agricultural Science. 
2021;15(9–10):710–720.  
Doi:10.1017/S0021859622000016. 

12. Nataraj V, Rajput LS, Shivakumar M, 
Kumawat G, Kumar S, Maheshwari HS, 
Gupta S, Amrate PK, Tripathi R, Agrawal 
N.  Ratnaparkhe B. Crop improvement 
against Colletotrichum truncatum using 
molecular breeding approaches. In QTL 
Mapping in Crop Improvement. Academic 
Press. 2023;45-56. 

13. Wrather JA, Anderson TR, Arsyad DM, Gai 
J, Ploper LD, Puglia PA, Ram HH,  Yorinori 
JT. Soybean disease loss estimates for the 
top ten soybean producing countries in 
1994. Plant Disease. 1997;81:107–110. 

14. Amrate PK, Shrivastava MK,  Bhale MS. 
Resistance in soybean varieties against 
charcoal rot disease caused by 
Macrophomina phaseolina. Plant Disease 
Research. 2019;34(2):124–128.  
DOI No. 10.5958/2249-
8788.2019.00021.0. 

15. Amrate PK, Shrivastava MK, Bhale MS, 
Agrawal N, Kumawat G, Shivakumar M,  
Nataraj V. Identification and genetic 
diversity analysis of high-yielding  charcoal 
rot resistant soybean genotypes. 
Scientific Reports. 2023;13:8905.  
Available:https://doi.org/10.1038/s41598-
023-35688-2.  

16. Luna MPR, Mueller D,  Mengistu A. 
Advancing our understanding of charcoal 
rot in soybeans. Journal of Integrated Pest 
Management. 2017;8(1):1-8. 



 
 
 
 

Patidar et al.; Int. J. Environ. Clim. Change, vol. 13, no. 12, pp. 830-842, 2023; Article no.IJECC.110218 
 
 

 
841 

 

 

17. Amrate PK, Shrivastava MK, Pancheshwar 
DK,  Stuti S. Charcoal rot and yellow 
mosaic virus disease of soybean under hot 
spot condition: symptoms, incidence and 
resistance characterization. International 
Journal of Bio-resource and Stress 
Management. 2020a;11(3): 268–273. 
DOI: 
HTTPS://DOI.ORG/10.23910/1.2020.2104 

18. Amrate PK, Bhale MS,  Shrivastava MK. 
Pre and post emergence mortality in 
soybean seedling by Macrophomina 
phaseolina isolates. Int J Chem Stud. 
2021b;9(1):3697-3700.  
DOI: 
https://doi.org/10.22271/chemi.2021.v9.i1a
z.11828. 

19. Mengistu A, Ray JD, Smith JR,  Paris RL. 
Charcoal rot disease assessment of 
soybean genotypes using a colony-forming 
unit index. Crop Sci. 2007;47:2453-2461. 

20. Hewidy MA, Ismail IA, Morsy KM, 
Mahmoud Nagwa MA,  El-Galaly Ola AM. 
Effect of seed treatment with some 
fungicides, biocides and saponin in 
controlling damping-off on soybean 
disease. J. Agric. Sci. Mansoura Univ. 
2003;28(4):2733-2746. 

21. Dubey RC, Harish K,  Pandey RR. 
Combined effect of soil solarization and 
neem amendment on survival of 
Macrophomina phaseolina sclerotia and 
growth of soybean. Nat. Sci. 2009;7(11): 
52-57. 

22. El-Baz Sahar M. Induction of resistance in 
some soybean varieties against root rot 
diseases by some chemical inducers. 
Egypt. J. Appl. Sci. 2007;22(1):68- 80. 

23. Amrate PK, Shrivastava MK,  Singh G. 
Screening of genotypes to identify the 
resistance source against major diseases 
of soybean under high disease pressure 
conditions. International Journal of Current 
Microbiology and Applied Sciences. 
2020b;9(5):1739-1745. 
Available:https://doi.org/10.20546/ijcmas.2
020.905.195. 

24. Barnett HL,  Hunter BB. Illustrated Genera 
of Imperfect Fungi. Burgress Publishing 
Company, Minneapolis MN.1972;241. 

25. Mayee CD,  VV. Datar. Phytopathometry. 
Marathwada Agricultural University Tech. 
Bul. 1986;  1 (Special Bul. 3). 

26. Shaner G,  Finney R. The effect of nitrogen 
fertilization on the expression of slow 

mildewing resistance in Knox wheat. 
Phytopathology. 1977;67:1051–1056.  
Available:http://dx.doi. org/10.1094/Phyto-
67-1051. 

27. Neergaard ED, Tornøe C,  Nørskov AM. 
Colletotrichum truncatum 
insoybean:studies of seed infection. Seed 
science and technology. 1999;27(3):911-
921. 

28. Ramdan EP, Perkasa AY, Azmi 
TKK, Aisyah, Kurniasih R, Kanny 
PI, Risnawati & Asnur P. Effects of 
physical and chemical treatments on seed 
germination and soybean seed-borne 
fungi. Earth Environ. Sci. 2022;883:1-6. 

29. El-Araby ME, Kurle JE,  Stetina SR. First 
report of charcoal rot (Macrophomina 
phaseolina) on soybean in Minnesota. 
Plant Dis. 2003;87(2):202. 

30. Mengistu A, Smith JR,  Ray JD. Seasonal 
progress of charcoal rot and its impact on 
soybean productivity. Plant Dis. 
2011;95:1159–1166. 

31. Ansari MM. Evaluation of soybean 
genotypes against Macrophomina 
phaseolina (Rhizoctonia bataticola) 
causing charcoal rot in soybean. Soybean 
Res. 2007;5(3):68-70. 

32. Bradley CA,  Rio LE. First report of 
charcoal rot on soybean caused by 
Macrophominaphaseolina in North Dakota. 
Plant Disease. 2003;87(5):601. 

33. Mengistu A. Effect of charcoal rot on 
selected putative drought tolerant soybean 
genotypes and yield. Crop Prot. 
2018;105:90–10. 

34. Coser SM. Genetic architecture of charcoal 
rot (Macrophomina phaseolina) resistance 
in soybean revealed using a diverse panel. 
Front Plant Sci., 2017;8:1626. 
Available:https://doi.org/10.3389/fpls.2017.
01626.  

35. Elham K, Muhammad AJ, Fahrul H, 
Siavosh R, Soleiman J,  Roswanira AW, 
Evaluation of Trichoderma isolates as 
potential biological control agent against 
soybean charcoal rot disease caused by 
Macrophomina phaseolina. Biotechnol 
Biotechnol Equip. 2016;30(3):479-488. 

36. Indra N,  Gayatri S. Management of black 
gram root rot caused by Mecrophomina 
phaseolina by antagonistic micro-
organism. Madras Agricultural Journal. 
2003;90(7-9):490-494. 



 
 
 
 

Patidar et al.; Int. J. Environ. Clim. Change, vol. 13, no. 12, pp. 830-842, 2023; Article no.IJECC.110218 
 
 

 
842 

 

 

37. Latha TKS, Narasimhan. Effect of 
biological control agents and chemicals on 
root rot disease complex in black gram. 
International Journal of Tropical 
Agriculture. 2006;24(1-2):159-164. 

38. Rajeswari B, Chandrashekhar Rao K.  
Pramod Chandra kumar C. Efficacy of 
antagonists and carbendazim against dry 
root rot of mung bean [Vigna radiata (L.) 
Wilczek] incited by Mecrophomina 
phaseolina (Tassi.) Goid undergreen 
house condition. Journal of Biological 
Control. 1999;8(1):41-44. 

39. Alemu K. Seed borne fungal pathogen 
associated with Soybean (Glycine max L.) 
and their management in Jimma, 
Southwestern Ethiopia. Journal of Biology, 
agriculture and Healthcare. 2014;7(1):224-
208. 

40. Ramesh BV, Hiremath SV, Naik MK, 
Amaresh YS, Lokesh BK,  Vasudevan SN. 
Study of seed mycoflora of soybean from 
north eastern Karnataka J. Agri. Sci. 
2013;26(1):58-62. 

41. Krishna M, Niranjana SR and Selty HS. 
Effects of chemical fungicides and 
biological agent on seed quality 
improvement in pulses. Seed Research. 
2003;31(1):121-124. 

42. Uikey S, Sharma S, Amrate PK,  
Shrivastava MK. Identification of Rich Oil-
Protein and Disease Resistance 
Genotypes in Soybean [Glycine max (L.) 
Merrill]. International Journal of Bio-
resource and Stress Management. 
2022;13(5):497–506. 
DOI:HTTPS://DOI.ORG/10.23910/1.2022.2
478 

 

© 2023 Patidar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/110218 

http://creativecommons.org/licenses/by/2.0

