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Integrated management of anthracnose and pod blight diseases of soybean
(Glycine max) using fungicide, varietal resistance, and altered sowing dates
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ABSTRACT

Anthracnose disease, incited by Colletotrichum truncatum, is one of the major constraints in the soybean [ Glycine
max (L.) Merill] production worldwide. A field experiment was conducted during rainy (kharif) seasons of 2018
and 2019 at N E Borlaug Crop Research Centre, Govind Ballabh Pant University of Agriculture and Technology,
Pantnagar, Udham Singh Nagar, Uttarakhand to assess the combined effect of host resistance, altered sowing dates,
and judicious use of fungicide in soybean under natural conditions. Two soybean varieties, viz. PS 1042 and PS 1092,
with three different dates of sowing and six spray schedules consisted of propiconazole, Trichoderma harzianum,
and garlic extract were tested for their integrated effect on foliar anthracnose and pod blight diseases. Both varieties
were significantly different in terms of disease severity and yield. The experiment was laid out in a split-split plot of
2 x 3 x 6 factorial design with three replications. Variety PS 1042 produced significantly higher yields (22.24 and
23.00 g/ha) than PS 1092 (16.02 and 18.37 g/ha) during both the seasons. In both the varieties, early sowing (27 June)
increased the likelihood of disease and decreased yield, whereas sowing at first week of July (4™ July) reduced disease
severity and thereby, increased yield. Among all the treatments, the combination spray schedules of propiconazole
with 7. harzinaum and with garlic extract were found most effective or comparable with two sprays of propiconazole
and gave comparatively higher yield, viz. 20.47, 20.26 and 20.76 g/ha, respectively, than control (18.30 g/ha) and
other treatments. It was observed that integration of moderately resistant variety (PS 1042), seed treatment with 7.
harzianum (10 g/kg seed), sowing at first week of July, one foliar application of propiconazole (0.1%) at the time of
first appearance of symptoms and second spray of 7. harzianum (1%) after 15 days of first spray, was very effective
in terms of reducing disease severity and increasing yield.

Keywords: Colletotrichum truncatum, Garlic extract, Integrated disease management, Propiconazole,
Trichoderma harzianum, Varietal resistance

Soybean [Glycine max (L.) Merill] is one of the
oldest oilseed crops grown throughout the world. The
plant is more considered as an oil seed crop than a pulse
with its 40% protein and 20% oil. Anthracnose caused
by Colletotrichum truncatum (Schw.) Andrus and Moore,
is one of the most important foliar disease of soybean
worldwide. In India, anthracnose is considered the most
serious disease (Khare and Chacko 1983, Singh et al. 2021),
occurs consistently in Uttarakhand, Himachal Pradesh,
Madhya Pradesh, Rajasthan, Maharashtra, Karnataka,
Andhra Pradesh, Tamil Nadu, Kerala, Chhattisgarh, Delhi,
and nearby areas, resulting in yield losses of up to 25%
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(Sharma et al. 2014, Borah and Deb 2020). The disease
causes considerable damage by reducing plant stand, seed
quality, seed germination, and yield (Begum et al. 2008). On
a global scale as well as in Indian conditions the soybean
disease causes significant losses; in favourable conditions,
severe anthracnose infection can result in yield losses of up
to 100% (Sinclair 1989, Yang and Hartman 2016). Studies
have shown that even a 1% increase in the severity of the
anthracnose disease can reduce the soybean yield by 115
kg/ha (Rajput et al. 2022).

Conventional synthetic fungicides are the most effective
and cost-efficient means for disease management, but due
to the extensive uses, the pathogens can develop resistance
within a few years of exposure (Zubrod et al. 2019, Poti et
al. 2023), and in recent years many studies demonstrated
that efficacy of fungicides is gradually decreasing against
soybean anthracnose (Dias et al. 2016, Chen et al. 2018,
Poti et al. 2020). Therefore, considerable efforts have
been made to devise integrated environmentally friendly
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strategies, including use of natural compounds like plant
extracts, bio control agents (El-Gamal 2007) and host
resistance (Sharma et al. 2014, Rawat et al. 2021), for
the control of plant diseases, thereby reducing reliance on
chemical pesticides and thus saving mankind from health
hazards. Similarly, alteration of sowing dates is another
effective management strategy that results in a mismatch
between the susceptible stage of the plant, pathogens
and optimal environmental conditions, thereby reducing
disease losses (Rawat et al. 2021). Therefore, in present
investigations the integrated disease management strategies
were developed by incorporating several IDM principles
like avoidance (by adjusting sowing dates), exclusion (by
using combination spray schedules of 7. harzianum, garlic
extract and propiconazole) and host resistance to manage
the anthracnose/pod blight disease of soybean.

MATERIALS AND METHODS

The field experiment was conducted during rainy
(kharif) seasons of 2018 and 2019 at N E Borlaug
Crop Research Centre, Govind Ballabh Pant University
of Agriculture and Technology, Pantnagar (Latitude,
29.021038; Longitude, 79.489738), Udham Singh Nagar,
Uttarakhand. The experiment was laid out in a split-split
plot of 2 x 3 x 6 factorial design with three replications to
assess the integrated effect of two different varieties, three
different dates of sowing and six spray schedules consisted
of propiconazole, T harzianum and garlic extract for the
management of anthracnose disease of soybean. Untreated
plots (no foliar sprays) were served as a control. The area
of each experimental plot was 3 m x 1 m, consisted of 40
plants/plot with 45 cm row spacing. The details of treatment
combinations were as follows: The main plot factors were
varieties; V,, PS 1042 and V,,, PS 1092; the sub plot factors
were three different dates of sowing, D, 27 June; D,, 4th
July; and D, 11™ July; and the sub-sub plot factors were
treatments, T,, Two foliar application of Trichoderma
harzianum @1%; T,, Two foliar application of garlic extract
@10%; T, Two foliar application of Propiconazole 25 EC
@0.1%; T,, One foliar application of Propiconazole 25 EC
@0.1% =+ One foliar application of Trichoderma harzianum
@1%; Ts, One foliar application of Propiconazole 25 EC
@0.1% + One foliar application of garlic extract @10%;
and T, Control (No treatment). The seed treatment with 7.
harzianum (10 g/kg seed) was a common treatment for all
except for control. The fungicides and alternative products
were prepared according to the recommended dose and
applied as foliar sprays, using a hand sprayer. Foliar sprays
were started immediately after first symptom of disease
appeared on leaves, and the interval between the first and
second applications was 15 days. Fertilizers were applied in
a recommended dose; 20, 40, 60 kg NPK/ha (Anonymous
2020). Weeding was done two times after sowing. The field
was irrigated properly whenever dry conditions prevailed.
The crop was protected from different insects-pests by
spraying recommended insecticides.

The study was carried out in a naturally infested field.
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Ten plants per replication were randomly selected for disease
assessment. Disease Severity (DS) was recorded on 0-9
standard disease rating scale (Mayee and Datar 1986) and
converted to per cent disease index by using formula given
by Wheeler (1969):

Per cent Disease
Index (PDI)

Sum of individual disease rating

x 100
Number of plant assessed x

Maximum rating

Statistical analysis: The data obtained from field
experiments was analysed using split-split plot design at
P<0.5. The experimental results were subjected to ANOVA
(Analysis of Variance). To test for significant differences
between treatments, Duncan's Multiple Range test was used
by SPSS version-20. Yield for each treatment was recorded
in both the years. Data of yield per plot in kg was recorded
and for statistical analysis this data was converted to g/ha.

RESULTS AND DISCUSSION

Effect of varieties, different dates of sowing, and
treatments on disease severity of leaf anthracnose and pod
blight and yield: Anthracnose leaf and pod blight appeared to
be highly severe during 2018 and 2019, owing to favourable
weather conditions during both cropping seasons. Results
(Table 1) revealed that both varieties were significantly
different in terms of disease severity. The severity index
recorded for anthracnose and pod blight disease were 18.74
and 9.40% in 2018, 13.80 and 16.99% in 2019 and 16.27 and
13.04% for pooled data in cv. PS 1042. Likewise, variety PS
1092 exhibited severity index values of 22.72 and 14.77%
for diseased leaves and pods in 2018, 20.55 and 25.44%
during 2019 and 21.64 and 19.48% for pooled data. It is also
evident from the data that there was significant difference
in grain yield among the varieties in both the years. During
both seasons and for pooled data, variety PS 1042 gave the
high yield (22.24, 23.00 and 22.62 g/ha, respectively) as
compared to the variety PS 1092 (16.02, 18.37 and 17.20
g/ha, respectively). In order to manage anthracnose in
soybean germplasm, experts found that varietal resistance
is highly effective (Dias et al. 2019). Numerous soybean
varieties with resistant to moderately resistant reactions were
identified (Nagaraj ef al. 2014, Nataraj e al. 2020, Bhatt et
al. 2022), which can be very useful in disease management
and can be incorporated into IDM modules.

Severity of anthracnose leaf and pod blight was also
significantly influenced by date of sowing in both varieties.
The results showed that the early sown crops (27% June)
exhibited significantly higher disease severity on both leaves
and pods (23.28 and 14.73%) than those sown late at 4™ July
(19.86 and 11.17%) and 11™ July (19.04 and 10.36%), in
2018 (Table 1). In 2019, different sowing dates had no
significant effect on the severity of leaf anthracnose, but
significantly affected the severity of pod blight. The least
pod blight severity was observed in plants sown on 11t July
(20.76%) and highest (21.87%) on the plants sown at
27% June 2019. The pooled analysis of both years also
demonstrated the maximum reduction of disease severity
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was exhibited by late sown plants. The interactions between
soybean varieties and different sowing dates also significantly
reduced disease levels. Changing the sowing date creates a
mismatch between the plant's vulnerable stage, pathogens,
and optimal environmental conditions, thus reducing disease
losses (Rawat et al. 2021). In our study, we found that the
late sowing of soybean is effective at mitigating the severity
of foliar anthracnose and pod blight disease as compared
to the early sowing. These results are in agreement with
the findings of Gawade and Suryawanshi (2011) who
observed that late sown soybean crop (25 July) exhibited
least severity of foliage anthracnose (9.10-10.73%) as
well as of pod blight (6.43-14.09%), while crop sown on
25% June (early sowing) recorded high disease intensity
0f20.36-26.07% and 10.98-22.48%, respectively. Similar
results were obtained by Marley and Ajayi (2003) in a study
of sorghum anthracnose, which showed that early sowing
of sorghum in June and July had higher foliar and panicle
anthracnose incidence as compared to the late sowing on
August. Other researchers have also reported that shifts in
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planting dates influence the development of anthracnose in
the field and can serve as an alternative means of anthracnose
disease management (Ngugi ez al. 2000, Chala et al. 2010).

Yield was also significantly influenced by date of
sowing in both the cultivars. The late sown plants at 4
and 11" July showed significantly higher yield (19.41 and
19.52 g/ha, respectively) than those sown earlier at 26 June
(18.46 g/ha) during 2018. The sowing dates in 2019, were
determined to be non-significant in terms of grain yield.
However, the pooled analysis of two year’s data revealed
that the sowing of soybean at first week of July was effective
to get higher grain yield (20.04 and 20.34 g/ha) than the
last week of June (19.35 g/ha). Previous studies have also
shown that the altered planting dates had a substantial effect
on soybean yield (Rezai-Zadeh 2004, Azizi et al. 2005),
as found in present study. The yield obtained from the late
plants sown was significantly higher as compared to the
early sown plants. However, more delay in sowing dates
have negative effect on yield, may be due to the insufficient
time available for the plant’s growth or the plant does not

Table 1 Effect of varieties, sowing dates and treatments on the severity of foliar anthracnose and pod blight of soybean
Treatment Anthracnose (PDI%) Pod blight (PDI1%) Yield (q/ha)
Varieties (A) 2018 2019 Pooled 2018 2019 Pooled 2018 2019 Pooled

v, 18.74>  13.80° 16.27° 9.40°  16.99°  13.04° 2224 23.00°  22.62°
v, 22728 20.55°  21.64% 14.77%  25.44%  19.48° 16.02> 1837 17.20°
SEM 0.22 0.11 0.08 0.24 0.33 0.13 0.15 0.3 0.22
CD (P=0.05) 0.51 0.61 0.37 0.86 0.73 0.60 0.63 0.61 0.46

Dates (B)
D, 23.28%  17.51  20.402 14.73* 2187 18.30? 18.46°  20.23>  19.35b
D, 19.86°  17.04%  18.46° 1117 21.02%  16.10° 19412 20.66%°  20.04
D, 19.04¢  16.99%  18.02b 10.36°  20.76*  14.37¢ 19.522  21.152  20.342
SEM 0.22 NS 0.17 0.38 0.31 0.26 0.28 NS 0.2
CD (P =0.05) 0.63 0.47 1.06 0.89 0.73 0.79 0.56
Treatment (C)
T, 23.44>  21.48>  22.46° 12.64° 2279 17.62¢ 19.212  20.63%  19.922b
T, 2429 2245> 2337 13.86° 2523 19.64° 18.95%  20.53*  19.74
T, 14974 11.11¢ 13.04¢ 7.58¢  1427F  10.48° 19938 21.59*  20.76
T, 1710 12.00°  14.55¢ 8.91¢d  16.04°  11.65¢ 19.522  21.40*  20.47%
T, 17.64°  12.23¢  14.94¢ 9.73¢ 18224 13414 19.332  21.18  20.26%
T, 26.95%  23.78* 25372 19.79*  30.732  24.732 17.84>  18.76*  18.30°
SEM 0.31 0.38 0.23 0.53 0.44 0.37 0.39 0.37 0.28
CD (P =0.05) 0.89 1.07 0.66 1.48 1.25 1.04 1.11 1.05 0.79
cv 6.46 9.29 5.18 18.53 8.96 9.48 8.66 7.70 6.06
Interaction
AxB * * * NS * NS NS NS
AxC * * * * * NS NS NS
B xC NS NS NS NS NS NS NS NS
AxBxC NS NS NS NS NS NS NS NS

PDI, Per cent disease index; Duncan Multiple Range Test was represented in small letters. Different letters in each column indicate
that difference between treatments is significant while same letters indicate no significant difference (P<0.05); *Significant at (P<

0.05); NS, Non-significant.
Treatment details are given under Materials and Methods.
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reach its full potential (Moosavi et al. 2011) or the delay
in sowing date may cause reductions in nodes/plant, dry
matter production and seeds/pod, which is more likely due
to low temperatures (Kumagai and Takahashi 2020).

In the present study, the efficacy of propiconazole, 7.
harzianum, and garlic extracts alone, as well as a combined
spray schedule of propiconazole with 7. harzianum or garlic
extract, was evaluated against soybean foliar anthracnose and
pod blight. The results showed that all treated plants showed
significantly lower disease and higher yield as compare to
the control (Table 1). During the year 2018, the two sprays
of the propiconazole (0.1%) recorded least foliar anthracnose
(14.97%) and pod blight (7.58%) disease severity, followed
by propiconazole (0.1%) + T. harzianum (1%) (17.10 and
8.91% severity in leaves and pods) and propiconazole
(0.1%) + garlic extract (10%), which gave 17.64 and 9.73
PDI in leaves and pods, respectively. The treatments viz.
two foliar applications of 7. harzianum (1%) formulation
and two foliar applications of garlic extract (10%) were
found least effective to reduce the disease severity in both
leaves (23.44 and 24.29%) and pods (12.64 and 13.86%).
During 2019, the treatments namely, two foliar sprays of
propiconazole (0.1%), one foliar spray of propiconazole
(0.1%) + one foliar spray of 7. harzianum (1%) and one foliar
spray of propiconazole (0.1%) + one foliar spray of garlic
extract (10%), were found statistically equally effective
against foliar anthracnose disease with 11.11, 12.00 and
12.23 PDI, respectively, while found significantly different
for pod blight (14.27, 16.04 and 18.22%). Similarly, pooled
analysis of two years' data revealed the lowest PDI in leaves
(13.04%) and pods (10.48%) treated with two foliar sprays
of propiconazole (0.1%), as well as in plants treated with
spray schedule of propiconazole (0.1%) and 7. harzianum
(1%) formulation, with 14.55 and 11.65 PDI in leaves and
pods, respectively. The spray schedule of Propiconazole
(0.1%) with garlic extract (10%) was also found effective
to reduce the disease severity. The interactions of soybean
varieties and treatments were also found to significantly
reduce disease severity in both foliage and pods, while
interactions of varieties and sowing dates were not found
to be significant. With respect to yield improvement, each
treatment exhibited a significantly greater degree of efficacy
when compared to the control group. Based on the pooled
data of two years, it was observed that the plants subjected
to the two foliar sprays of propiconazole gave higher yields
(20.76 g/ha), followed by the plants treated with combination
sprays of propiconazole with 7. harzianum (20.47 g/ha) or
garlic extract (20.26 g/ha). However, two foliar sprays of
T harzianum and two foliar sprays of garlic extract yielded
minimum (19.92 and 19.74 g/ha) among all treatments but
yet found superior over control (18.30 g/ha). All interactions
viz. Varieties + Dates, Varieties + Treatments, Dates +
Treatments and Varieties + Dates + Treatments were found to
be non-significant (P> 0.05) for the soybean yield (Table 1).
The efficacy of propiconazole, T harzianum, and garlic
extract against soybean anthracnose disease was reported by
several workers (Jagtap et al. 2012, Chavan and Suryawanshi
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2014, Ingle et al. 2014, Kale 2016). As in present study,
the combination spray schedule of propiconazole with 7.
harzinaum and with garlic extract gave comparable results
as two sprays of propiconazole. These findings corroborate
those of several other researchers studying various crops.
The combination spraying of propiconazole with garlic
extract and 7. harzianum has been found most effective
in controlling green gram anthracnose disease in the field
and gave highest benefits (Marak e al. 2020). Likewise,
Handiso and Alemu (2017) observed that in chilli plants,
the combined treatments of Trichoderma spp., plant extracts
and Metalaxyl-M gave lowest anthracnose disease pressure
(12.8%) and least infected fruits/plot (17.4%) as compared to
the control group and the group treated with fungicide alone.

In the present study we have emphasised the judicial use
of commercial fungicide with other management strategies
and found that integration of moderately resistant variety,
seed treatment with 7. harzianum (10 g/kg seed), sowing at
first week of July, one foliar application of propiconazole
(0.1%) at the time of first appearance of symptoms and
second spray of 7. harzianum (1%) after 15 days of first one,
was very effective in terms of reducing disease severity and
increasing yield for the tarai region of Uttarakhand. Even
these IDM practices are found effective for the susceptible
variety as well.
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