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Abstract

Single and combined doses of fungicides, plant extracts, and antagonists were used to
control of nine cotton pathogens through a pot experiment. A total of 19 treatments,
and controls with or without inocula of the pathogen were tested. Out of 19 treatments,
T1 (Tilt) and T11 (Tilt + Azadirachta indica + Trichoderma viride) exhibited maximum
seed germination and seedling vigor index against Aspergillus flavus, A. niger,
Curvularia lunata, Fusarium nivale, Mucor sp. and A. tamarii, Colletotrichum
gloeosporioides, F. moniliforme, Rhizoctonia solani respectively. T5 (T. viride), T10 (Tilt
+ Psidium guajava + T. viride) and T14 (Tilt + A. indica) showed promising germination
percentage and seedling vigor index against A. flavus, R. solani and A. tamarii, F. nivale
and A. niger, C. gloeosporioides, C. lunata, F. moniliforme, Mucor sp. respectively.
Among all the treatments, the combined use of Tilt + A. indica + T. viride showed the
best results for reducing the growth of the test pathogens and increasing the
germination percentage of seeds.
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Introduction

Cotton is called the “The King of Fibers”, the second important cash crop next to jute in
Bangladesh. Seeds free from fungal infection are very much essential for good plant
production. Seed-borne fungi affect the quality of seeds at all stages of production, from
the cropping stages until post-harvest, processing, storage, and marketing (Machado et
al., 2002). They are responsible for both pre and post-emergence death of grains, affect
seedling vigor, reduction in germination, and variation in plant morphology (Van Du et
al., 2001; Rajput et al., 2005; Niaz and Dawar, 2009).

Cotton production is being reduced every year for some injurious plant pathogens and
most of which are fungi. Alternaria, Colletotrichum, Fusarium, Macrophomina,
Rhizopus, Rhizoctonia, Fusarium, Helminthosporium, Curvularia, Mucor, Penicillium,
Aspergillus, Sclerotium, Cephalosporium, Myrithecium, Trichoderma and Xanthomonas
are some seed-borne pathogenic fungi which are most repeatedly identified from cotton
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seeds and seedlings (Khan and Kausar, 1967; Roy and Bourland, 1982; Minton and
Garber, 1983; Seneewong et al., 1991; Asran-Amal et al., 2005; Colyer and Vernon,
2005; Mikhail et al., 2009; Fard and Mojeni, 2011). Numerous seed-borne fungal
pathogens have been reported by different researchers that reduce the percentage of
germination and seedling vigor of cotton seeds (Jeyalakshmi et al., 1999; Eisa et al.,
2007; Tomar et al., 2012).

Alternaria alternata, Aspergillus niger, Fusarium oxysporum, F. moniliforme, F.
semitectum, F. acuminatum, F. solani, Pythium ultimum, Rhizopus arrhizus, Rhizoctonia
solani and some other fungi were also found from cotton seeds and most of these fungi
were pathogenic to cotton (Fulton and Bollenbacher, 1959; Mansoori and
Hamdolahzadeh, 1995). Untill now, 20 types of symptoms and 52 species of fungi have
been reported on cotton plants from various cotton-growing areas of the world
(Wikipedia, 2022). A total of 14 cotton diseases were reported in Bangladesh, of which
12 are caused by fungal pathogens (BARI, 1990).

Controlling of seed-borne pathogens is the major step in any agricultural crop production
and protection program. Proper seed treatment measures can substantially improve the
quality of seeds and significantly increase the yield. Fungicides are the best defensive
component to control cotton disease but it hazardous to human health and the
environment. Biological control of plant diseases using antagonistic microorganisms is
revealed as an alternative to hazardous and expensive chemical pesticides (Emmert and
Handelsman, 1999).

Much researches has been done on cotton pathogens and their management. But
information on combined or integrated management of cotton seed-borne pathogens is
insufficient. Considering the facts mentioned above, an integrated or combined program
was done to control the seed-borne pathogens of cotton. The present study was
commenced to screen out the combined effect of some fungicides, plant extracts and
antagonists on cotton pathogens and their impact on yield contributing factors.

Materials and Methods

Preparation of soil and treatments: An integrated approach was followed (Waris et al.,
2018) with some modifications. The experiment was carried out in the earthen pot in the
Botanical Garden, Department of Botany, University of Dhaka, to count the single and
combined doses of fungicides, plant extracts, and antagonists for managing nine cotton
pathogens. A total of 19 treatments and controls with or without inocula of the pathogens
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were tested. The earthen pots (each 20 cm in diameter) were filled with 2 kg soil (mixing
with sandy loam soil and decomposing organic fertilizer at 4:1) and treated with
formalin.

The treatments and their combinations were : T1 = Tilt, T2 = Contaf, T3 = Psidium
guajava, T4 = Azadirachta indica, T5 = Trichoderma viride, T6 = Contaf + Tilt, T7 =
Psidium guajava . Azadirachta indica, T8 = Contaf + P. guajava + T. viride, T9 = Contaf
+ A. indica + T. viride, T10 = Tilt + P. guajava + T. viride, T11 = Tilt + A. indica + T.
viride, T12 = Contaf + A. indica, T13 = Contaf + P. guajava, T14 = Tilt + A. indica, T15
= Tilt + P. guajava, T16 = Contaf + Tilt + P. guajava + A. indica, T17 = Contaf + Tilt +
P. guajava + A. indica+ T. viride, T18 = Control (Inoculated without treatment), T19 =
Control (Uninoculated healthy seeds).

The seeds were surface sterilized with 10% chlorox solution for 5 minutes. The seeds
were then washed with sterile distilled water 4-5 times. Spore suspensions were prepared
from 10 days old culture using sterile distilled water. 10’- 10% cfu/ml spores were
contained by each spore suspension. Then the seeds were inoculated with an equal
volume of spore suspension of each test fungus separately and left in sterilized petri
plates for two hours. Then the inoculated seeds were treated with various combinations of
fungicides, plant extracts, and biocontrol agents. The fungicides were mixed with
appropriate amount of water for their respective dose. Spore suspension of antagonistic
fungus was made with sterile distilled water. Plant extracts were also prepared as
described above and treated to the pre-inoculated seeds. The seeds were then sown in 12"
X 8" size pots containing sterile soil. The experimental design was CRD and RBD having
3 replications. Observations and data were recorded after 7, 14, and 21 days of seed
germination. Final data were recorded after 21 days of germination. The results of seed
germination percentage, seedling mortality, shoot length, root length, and seedling vigor
index were recorded carefully. The experiment was performed two times.

Analysis of data: The data were analyzed following computer package MSTAT-C, and
the means were compared using the Duncans Multiple Range Test (DMRT). The data
were collected and evaluated by analysis of variance (ANOVA) using STAR statistical
program.

Results and Discussion

Different treatments affect on seed quality parameters of 14 cotton varieties against
Aspergillus flavus, A. niger, A. tamarii, Colletotrichum gloeosporioides, Curvularia
lunata, Fusarium nivale, F. moniliforme, Mucor sp., and Rhizoctonia solani are presented
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in Table 1 and Figs. 1-4. This study revealed that all the treatments could significantly
reduce seed-borne fungi and improve the quality of seeds. Different seed treatments were
compared with the control set based on seed germination, seedling mortality, root length,
shoot length, and seedling vigor index (Table 1).

Combined effect of plant extracts, fungicides, and antagonists on seed quality
parameters of cotton against Aspergillus flavus:

Seed inoculated with Aspergillus flavus showed 39.44-88.23% germination. Out of 17
treatments, T1 showed the highest (88.23%) germination percentage, whereas the lowest
(39.44%) was recorded by T12. Six treatments viz. T1, T5, T10, T14, T11, and T13
showed promising results compared to the control. The highest seedling vigor index
(811.72) was observed in T1, and the lowest was found in T12 (410.17). Seedling
mortality was also counted after 21 days of germination. The maximum seedling
mortality (60%) was found in T17 and the minimum (20%) in T3 treatments. In this
experiment, the maximum shoot length (7.2 cm) was recorded in T11 and minimum (5.6
cm) in T9, whereas the highest root length (3.6 cm) was noticed in T15 and the lowest
(1.9 cm) in T9 (Table 1).

Combined effect of plant extracts, fungicides, and antagonists on seed quality
parameters of cotton against Aspergillus niger:

Amongst 17 treatments, 5 treatments viz. T1, T5, T10, T14 and T11 exhibited best results
compared to control. Among these treatments, T1 showed the highest (87.21%)
germination percentage, whereas the lowest (43.67%) was recorded in T6. The highest
seedling vigor index (898.26) was observed in T1 and lowest in T6 (384.23). The
maximum seedling mortality (60.2%) was found in T17 and the minimum (21.20%) in
T15 treatments after 21 days of germination. In the present investigation, the maximum
shoot length (7.6 cm) was recorded by T11 and the minimum (5.6 cm) in T15, whereas,
the highest root length (3.6 cm) was noticed in T10 and lowest (1.9 cm) in T9 (Table 1).

Joint effect of fungicides, plant extracts, and antagonists on seed quality parameters
of cotton against Aspergillus tamarii:

Out of 17 treatments, 3 treatments viz. T5, T10 and T14 exhibited the best results
compared to the control. Among these treatments, T11 showed the highest (86.34%)
germination percentage, whereas the lowest (37.78%) was recorded in T12. The highest
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Fig. 1. Combined effect of seed treatment with fungicides, leaf extracts and antagonists on seed quality
parameters of cotton varieties. T1. Tilt, T2. Contaf, T3. Psidium guajava, T4. Azadirachta indica and
T5. Trichoderma viride.
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Fig. 2. Combined effect of seed treatment with fungicides, leaf extracts and antagonists on seed quality
parameters of cotton varieties. T6. Contaf + Tilt, T7. Psidium guajava . Azadirachta indica, T8.
Contaf + P. guajava + Trichoderma viride, T9. Contaf + A. indica + T. viride and T10. Tilt + P.
guajava + T. viride.
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Fig. 3. Combined effect of seed treatment with fungicides, leaf extracts and antagonists on seed quality
parameters of cotton varieties. T11. Tilt + A. indica + T. viride, T12. Contaf + A. indica, T13. Contaf
+ Psidium guajava, T14. Tilt + Azadirachta indica and T15. Tilt + P. guajava.
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Fig. 4. Combined effect of seed treatment with fungicides, leaf extracts and antagonists on seed quality
parameters of cotton varieties. T16. Contaf + Tilt + P. guajava + A. indica, T17. Contaf + Tilt + P.
guajava + A. indica + Trichoderma viride, T18. Inoculated without treatment and T19. Control or
Uninoculated healthy seeds.

seedling vigor index (923.84) was observed in T11, and the lowest was observed in T12
(374.02). The maximum seedling mortality (61.23%) was found in T17 and minimum
(27.58%) in T3 treatments after 21 days of germination. In the present experiment, the
maximum shoot length (7.3 cm) was recorded by T11 and the minimum (5.4 cm) in T16,
whereas, the highest root length (3.8 cm) was noticed in T17 and the lowest (1.3 cm) in
T9 (Table 1).
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Combined effect of plant extracts, fungicides, and antagonists on seed quality
parameters of cotton against Colletotrichum gloeosporioides:

Amongst 17 treatments, 4 treatments viz. T1, T5, T10, and T13 exhibited the best results
compared to the control. Among these treatments, T11 showed the highest (93.35%)
germination percentage whereas the lowest (37.44%) was recorded in T12. The highest
seedling vigor index (980.18) was observed in T11, and the lowest was found in T12
(400.61). The maximum seedling mortality (57.14%) was found in T4, and the minimum
(20.0%) in T3 treatments after 21 days of germination. In the present study, the
maximum shoot length (7.4 cm) was recorded by T6, and the minimum (5.3 cm) was
noticed in T1, whereas the highest root length (3.9 cm) was noticed in T12 and lowest
(1.9cm)in T1 (Table 1).

Combined effect of fungicides, plant extracts, and antagonists on seed quality
parameters of cotton against Curvularia lunata:

Out of 17 treatments, 4 treatments viz. T5, T10, T1, and T14 exhibited best results
compared to control. Among these treatments, T1 showed the highest (85.21%)
germination percentage, whereas the lowest (42.34%) was recorded in T6. The highest
seedling vigor index (979.92) was observed in T1 and the lowest in T12 (406.46). The
highest seedling mortality (50.56%) was recorded in T6 and the lowest (21.20%) in T15
treatments after 21 days of germination. In the present investigation, the maximum shoot
length (8.1 cm) was found in T1 and the minimum (6.4 cm) in T6, whereas the highest
root length (3.7 cm) was noticed in T13 and the lowest (2.8 cm) in T3 (Table 1).

Joint effect of plant extracts, fungicides, and antagonists on seed quality parameters
of cotton against Fusarium nivale:

Among the 17 treatments, 4 treatments viz. T5, T10, T13, and T14 exhibited the best
results compared to the control. Among these treatments, T11 showed the highest
(88.09%) germination percentage whereas the lowest (40.87%) was recorded in T12. The
highest seedling vigor index (960.18) was observed in T11 and the lowest in T12
(437.31). The maximum seedling mortality (58.89%) was found in T4 and the minimum
(21.49%) in T3 treatments after 21 days of germination. In the present experiment, the
maximum shoot length (8.1 cm) was recorded by T11 and the minimum (6.6 cm) by T2,
whereas the highest root length (3.7 cm) was noticed in T14 and the lowest (2.0 cm) in
T9 (Table 1).
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Combined effect of fungicides, plant extracts, and antagonists on seed quality
parameters of cotton against Fusarium moniliforme:

Out of 17 treatments, 4 treatments viz. T5, T10, T13 and T14 exhibited the best results
compared to the control. Among these treatments, T1 showed the highest (82.23%)
germination percentage whereas the lowest (37.44%) was recorded in T12. The highest
seedling vigor index (920.97) was observed in T1 and the lowest was in T12 (348.19).
The highest seedling mortality (57.14%) was recorded in T4 and the lowest (20.0%) in
T3 treatments after 21 days of germination. In the present study, the maximum shoot
length (7.4 cm) was found in T11 and the minimum (5.6 cm) in T7, whereas the highest
root length (4.9 cm) was noticed in T11 and the lowest (2.0 cm) in T6 (Table 1).

Joint effect of plant extracts, fungicides, and antagonists on seed quality parameters
of cotton against Mucor sp.:

Among the 17 treatments, 4 treatments viz. T5, T10, T13 and T14 exhibited the best
results compared to the control. Among these treatments, T1 showed the maximum
(85.21%) germination whereas the minimum (40.09%) was recorded in T12. The highest
seedling vigor index (1013.99) was observed in T1 and the lowest in T12 (428.96). The
maximum seedling mortality (60.2%) was found in T17 and the minimum (21.20%) in
T15 treatments after 21 days of germination. In the present investigation, the maximum
shoot length (8.7 cm) was recorded by T1 and the minimum (6.4 cm) was recorded by
T16, whereas the highest root length (3.8 cm) was noticed in T14, and the lowest (2.2
cm) in T16 (Table 1).

Combined effect of fungicides, plant extracts, and antagonists on seed quality
parameters of cotton against Rhizoctonia solani:

Out of 17 treatments, 4 treatments viz. T5, T10, T13 and T14 exhibited the best results
compared to the control. Among these treatments, T11 showed the highest (76.66%)
germination percentage whereas the lowest (50.93%) was recorded in T8. Highest
seedling vigor index (958.25) was observed in T11, and the lowest in T8 (458.37). The
maximum seedling mortality (55.78%) was found in T4, and the minimum (30.0%) in T3
treatments after 21 days of germination. In the present experiment, maximum shoot
length (7.5 cm) was recorded in T14 and minimum (4.4 cm) in T4, whereas the highest
root length (3.7 cm) was noticed in T14, and the lowest (2.2 cm) in T6 (Table 1).

The findings of the present investigation are in agreement with the findings of
Chowdhury et al. (2022), who reported that amongst 13 treatments, only T6 (Azadirachta
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indica + Bavistin + Trichoderma harzianum) exhibited maximum percentage of seed
germination and seedling vigor index of seeds inoculated with Alternaria alternata,
Aspergillus flavus, Curvularia lunata and Pestalotiopsis guepinii. Treatment T10
(Bavistin + Azadirachta indica + Tall + Citrus medica) showed promising results against
Drechslera oryzae, Fusarium moniliforme, Microdochium oryzae, and Sarocladium
oryzae. Treatment T3 (Azadirachta indica) was responsible for the highest percentage of
seed germination and seedling vigor index with Fusarium solani inoculated seeds. Out of
all treatments, the combined use of Bavistin, A. indica, and T. harzianum exhibited the
best results for reducing the growth of the test pathogens and increased the germination
of seeds.

Similarly, Sultana (2021) observed that, in a field experiment out of twelve treatments
T10 (Tilt + Azadirachta indica + Trichoderma viride), T3 (Bavistin + Tilt) and T7
(Trichoderma viride) were responsible for highest germination percentage and highest
seedling vigor index against Bipolaris oryzae, Curvularia lunata, and Fusarium
fujikuroi. On the other hand, T3 (Bavistin + Tilt), T7 (Trichoderma viride), and T1
(Bavistin) showed promising germination percentage and seedling vigor index. These are
also in accordance with the results of the present research work.

Mahmood et al. (2015) observed that the integrated effect of Mancozeb and Cupravit 50
WP (0.4%) significantly reduced the mycelial growth of Fusarium spp, Alternaria spp,
Sclerotium spp, Aspergillus flavus, and A. niger. The efficacy of Mancozeb and Cupravit
against the mycelial growth of Fusarium oxysporum was also reported by Fravel et al.
(2005), who observed that Mancozeb and Cupravit both reduced the colony growth of
Fusarium spp. Jeyalakshmi et al. (1999) observed that applying bioagents and Bavistin
increased seed germination percentage. Seed treatment with bioagents and fungicides
also reduced root rot incidence, according to Patil et al. (2003). The present investigation
also supports the results of above-mentioned researchers.
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