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Research Article

 Phytophthora palmivora, an oomycete pathogen responsible for coconut bud rot, poses a significant threat to palms 

of all ages, with substantial economic implications. This research aimed to address this challenge by implementing eco-

sustainable management strategies through the utilization of a synergistic combination of  biocontrol agents. The study focused 

on combating coconut bud rot in both nursery and main field settings. In the nursery, the study employed a soil application of 

Trichoderma asperellum at a rate of 25g per cent during sowing, combined with crown application of Bacillus subtilis at a 

concentration of 10g per liter of water, administered twice at three-month intervals and six months after sowing. Additionally, 

an application of Arbuscular Mycorrhizal (AM) fungi at 50g per cent three months after sowing was implemented. This multi-

pronged approach proved 77.12 per cent effective in suppressing bud rot disease within the nursery environment. For young 

coconut gardens, a randomized design with three replicates was used to evaluate the treatments. The results indicated that a soil 

and crown application of B. subtilis at 10g per liter of water, performed twice - first during the pre-monsoon period (last week of 

May) and secondly in the post-monsoon period (September) - significantly reduced bud rot incidence. Additionally, the 

application of T. asperellum at a rate of 50g per palm and AM fungi at 50g per palm annually in January demonstrated 71.73 per 

cent effectiveness in mitigating the occurrence of bud rot in young coconut gardens. This research underscores the practicality 

and efficacy of employing a carefully curated combination of  biocontrol agents within eco-sustainable management practices 

to combat the economically detrimental coconut bud rot disease in various coconut palm cultivation settings.

 The coconut tree (Cocos nucifera Linn.), a 
unique species within the genus Cocos and a 
member of the palm tree family (Arecaceae), holds 
paramount importance globally. It is cultivated in 
over 93 countries, spanning a vast land area of 12.78 
million hectares and yielding a staggering 54 billion 
nuts annually (Report of the Coconut Development 
Board, 2022). However, this invaluable crop faces a 
significant threat from a range of diseases, with bud 
rot caused by the fungus Phytophthora palmivora 
emerging as a primary concern.

In India, the first documented report of bud 
rot dates back to 1906 when Butler identified this 
devastating disease. Subsequent research has 

revealed its devastating impact, leading to yield 
losses of up to 10% and 13% (Ramesh et al., 2013). 
Although bud rot is sporadic in nature, it can 
escalate to epidemic proportions, as highlighted by 
Gangaraj et al. (2021). The complex lifecycle of P. 
palmivora in tropical regions adds to the challenge, 
given its broad host range and the ability to infect 
various plant tissues, including roots, stems, leaves, 
flowers, and fruits. The production of diverse 
spores, such as zoospores, sporangiospores, 
chlamydospores, and oospores, allows for versatile 
modes of transmission, including airborne, soilborne, 
water-borne, and vector-borne dispersal of propagules
 (Drenth  and  Guest,  2013;  Konam  and  Guest,  2004).
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The first visible symptom of bud rot 
manifests as the wilting of the spindle leaf, marked 
by a distinct pale coloration upon careful 
observation. This initial symptom progresses to the 
browning, drying, and bending of the spindle. 
Subsequently, the surrounding tissues of the 
terminal bud deteriorate, emitting a foul odor. 
Ultimately, the palm succumbs to the disease, with 
the heart leaf displaying chlorosis, wilting, and 
collapse. The disease can also extend to older, 
adjacent leaves and spathes, leading to a dead center 
with a fringe of surviving leaves. Light brown to 
yellow, sunken lesions may appear on leaf bases, 
stipules, or pinnae. Internally, the tissues beneath 
the bud rot change from pink to purple, eventually 
turning dark brown. Infected nuts exhibit brown to 
black necrotic areas with a yellow border on the 
surface, presenting a mottled appearance. Young 
nuts are particularly susceptible, failing to mature 
and subsequently falling from the tree. Older nuts, 
while infected, continue to ripen normally. The 
fungus can also affect nuts, causing the decay of 
immature nuts, leading to their premature fall 
during the rainy season. A water-soaked grayish-
green region develops at the stalk end of the nuts, 
surrounded by the healthy, dark green area. These 
lesions later turn brown and become sunken due to 
underlying tissue decay. The rot can extend into the 
husk and, in some cases, deep into the endosperm 
cavity. Sharadraj and Chandramohanan (2014) 
reported that the bud rot incidence has been 
recorded to range from 5.8% to 23.3% in coconut 
gardens.

The economic repercussions of bud rot 
outbreaks can be staggering, as demonstrated by 
Mosquera Montoya et al. (2014), who estimated 
losses of 250 million U.S. dollars resulting from 
bud rot in oil palm plantations in Colombia. 
Recognizing the importance of early detection, 
several research scholars, including Martínez 
(2009), Martínez et al. (2013), and Torres et al. 
(2010), have emphasized its pivotal role in bud rot 
management. Timely intervention is especially 
critical in young palms, as the removal of healthy 
tissue above the meristem is limited compared to 
older palms. Ariza et al. (2008) also stressed the 

Tables 2, 3, 4

Productivity and economics

1. ThiruvananthapuramIn Thiruvananthapuram district, the highest 

cassava tuber yield was obtained from SSNM plot 

(31.50 tha-1), followed by POP (26.48 tha-1) and 

farmer'spractice (22.59 tha-1) (Fig.2). In the case of 

greater yam, the highest tuber yield was obtained 

from POP plot (4.74 tha-1), followed by SSNM 

(4.00 tha-1)andfarmer'spractice (3.39 tha-1). From 

Table 5, it is clear that a net income of ₹ 4.98 lakhs 

per ha was obtained from SSNM involving CF, 

followed by POP (₹ 3.45 lakhs) and farmer's 

need to inspect and treat surrounding palms at the 
first signs of disease symptoms to prevent further 
spread.

As we contemplate disease management in 
agriculture, the extensive use of chemical fertilizers 
and pesticides has become common place in 
modern agriculture, with over two billion metric 
tons of pesticides being utilized annually 
worldwide. These chemicals are employed to 
combat infections caused by fungi, bacteria, 
viruses, nematodes, as well as control pests and 
weeds. However, the toxicity, persistence, and 
carcinogenic potential of many of these substances 
have raised concerns about their impact on soil 
quality, the hydrogeological environment, and both 
animal and human health. Consequently, there is a 
growing recognition of the need for sustainable 
alternatives, with biocontrol emerging as a viable 
and environmentally friendly option. Across the 
globe, antagonistic fungi and bacteria are harnessed 
as biocontrol agents (BCAs) to protect plants from 
diseases, enhance plant development, and boost 
productivity (Rajneesh et al or Thakur et al., 2022).

Biological control, characterized by the use of 
one organism to control another, is an environmentally 
sound and cost-effective approach for addressing pest 
issues in various ecosystems, including agriculture, 
forestry, natural environments, and urban settings 
(Hoddle et al., 2021; Wittenberg and Cock, 2001). 
Numerous biocontrol agents are currently in 
commercial use, including Pseudomonas fluorescens, 
Bacillus subtilis, Trichoderma harzianum, T. viride, 
and mycorrhizal fungi, specifically targeting soil-borne 
pathogens (Harrier and Watson, 2004). Furthermore, 
studies have shown that ectomycorrhizal and 
arbuscular mycorrhizal fungi can elicit similar chitin 
elicitors, inducing a defensive response (Salzer and 
Boller, 2000). This approach has been adopted as an 
effective means of plant protection (Oyewole et al., 
2017).

In light of the environmental and health 
concerns associated with chemical pesticides, this 
s tudy was undertaken to invest igate the 
effectiveness of various biocontrol agents with 
diverse modes of action. Our goal is to develop an 
affordable and user-friendly strategy for coconut 
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Table 7
Pooled analysis of yield and income from 

Data from the in vitro fungicidal trial 

underwent statistical analysis to assess mean 

differences using Duncan's multiple range test. 

Before conducting analysis of variance (ANOVA), 

the percentage values of disease indices were 

transformed using the arcsine transformation. Mean 

values ± standard errors were reported. Statistical 

nursery garden management while reducing the 
harmful effects of pesticides. Specifically, we 
evaluated the efficacy of biocontrol agents and 
arbuscular mycorrhizal fungi (VAM) in mitigating 
bud rot disease in coconut nursery gardens.

Materials and methods

The experiments were conducted at the 

Coconut Research Station, Aliyarnagar, Tamil 

Nadu, India, utilizing West Coast Tall (WCT) and 

Kenthali Dwarf (KTD) coconut seed nuts. A 

randomized block design (RBD) with four 

treatments and five replications was employed. 

Each replication consisted of 20 seed nuts.
1. Treatment 1 (T ): This treatment involved 1

the soi l  applicat ion of  talc  based 

formulation of Trichoderma asperellum at 

a rate of 25 g/cent during sowing, along 

with spindle leaf stage application of 

Bacillus subtilis endophyte at 10 g/l of 

water, (250ml/seedlings) administered 

twice at three months and six months post-

sowing .  Add i t i ona l ly,  a rbuscu la r 

mycorrhizal (AM) fungi were applied at 50 

g/cent three months after sowing.

2. Treatment 2 (T ): Soil drenching was 2

performed with metalaxyl at 2 g/l of water 

during sowing, and spindle leaf stage 

application of metalaxyl (250ml/seedlings) 

at the same concentration was repeated 

twice at three months and six months post-

sowing.

3. Treatment 3 (T ): Soil drenching was 3

carried out with copper oxy chloride at 2.5 

g/l of water during sowing, and the same 

treatment was repeated twice at three 

months and six months post-sowing 

(250ml/seedlings).

4. Treatment 4 (T ): An untreated control 4

group.

Data was collected on seed nut germination 

for both WCT and KTD varieties at three months 

after sowing, including the calculation of 

germination percentages. Bud rot incidence was 

recorded at 15-day intervals, commencing from 

135

Coconut nursery experiments

three months post-sowing and continuing up to 

eight months for both WCT and KTD seedlings.

Experiment in young coconut garden

An experiment was conducted in a young 

coconut garden featuring the ALR-1 variety. 

Observations were made on bud rot incidence and 

growth attributes, such as palm height, collar girth, 

and leaf count. The following treatments were 

applied:

1. Treatment 1 (T ): Crown application of 1

Bacillus subtilis endophyte at 10 g/l of water 

(1 litre/tree) was conducted twice, first 

during the pre-monsoon period (last week 

of May) and then during the post-monsoon 

period (September). Soil application of 

Trichoderma asperellum was carried out at 

a rate of 50 g per palm, and arbuscular 

mycorrhizal (AM) fungi were applied at 50 

g per palm annually during January.

2. Treatment 2 (T ): Crown application of 2

metalaxyl at 2 g/l of water (1 litre/tree) was 

performed three times: during the pre-

monsoon period (May), post-monsoon 

period (September), and January.

3. Treatment 3 (T ): Crown application of 3

copper oxy chloride at 2.5 g/l of water 

(1 litre/tree) was also applied three times: 

during the pre-monsoon period (May), post-

monsoon period (September), and January.

4. Treatment 4 (T ): An untreated control 4

group.

        In this experiment, a randomized block 

design (RBD) was used with four treatments and five 

replications, and it was conducted at Aliyarnagar, 

Anaimalai block, Coimbatore district, Tamil 
Nadu, India.

Statistical analysis



In our study, we observed significant 

reductions in bud rot incidence and notable 

improvements in seedling germination and growth 

attributes across different coconut varieties and 

stages of cultivation.

In the case of the West Coast Tall (WCT) 

and Kenthali Dwarf (KTD) varieties, we found 

tha t  Trea tment  T ,  which  involved  so i l 1

application of Trichoderma asperellum at 

25 g/cent during sowing, spindle leaf stage 

application of Bacillus subtilis endophyte at 10 

g/l of water twice at three and six months post-

sowing, and the application of arbuscular 

mycorrhizal (AM) fungi at 50 g/cent three 

months after sowing, led to a substantial 

reduction in bud rot incidence. Specifically, T  1

reduced bud rot by 5.15% in WCT and 5.27% in 

KTD varieties. Additionally, Treatment T , 3

which included soil drenching with copper oxy 

chloride at 2.5 g/l of water at sowing and twice at 

three and six months post-sowing, exhibited 

effective control of bud rot, resulting in 

reductions of 6.5% and 6.35% in WCT and KTD, 

respectively (Table 1).

Further analysis of germination data in the 

WCT nursery demonstrated the superiority of 

Treatment T , which achieved the highest 1

germination rate of 91.0% compared to the 

untreated control at 76.3%. Moreover, T excelled in 1 

promoting various growth attributes, including 

shoot length (98.8 cm), root length (35.8 cm), collar 

girth (11.3 cm), number of leaves (6.5/plant), root 

volume (12.8 mm³/plant), and root dry weight (4.42 

g/plant), outperforming all other treatments (Table 

2).
In the KTD nursery, Treatment T  also 1

stood out as the most effective in enhancing 
germination and growth attributes. It achieved a 
germination rate of 89.1%, with notable root 
and shoot lengths of 94.7 cm and 26.28 cm, a 
collar girth of 8.9 cm, 6.0 leaves per plant, root 
volume of 9.8 mm³/plant, and a root dry weight 

of 4.18 g/plant (Table 3).

Moving to the young coconut garden 

experiment, Treatment T , involving crown 1

application of Bacillus subtilis endophyte at 10 g/l 

of water twice during the pre-monsoon (last week of 

May) and post-monsoon (September) periods, soil 

application of Trichoderma asperellum at 50 

g/palm, and AM fungi at 50 g/palm/year during 

January, was exceptionally effective. It reduced bud 

rot incidence by a remarkable 71.73%, resulting in 

an incidence rate of only 2.6% compared to 9.4% in 

the untreated control.

Additionally, Treatment T , which included 3

crown application of copper oxy chloride at 2.5 g/l 

of water thrice during the pre-monsoon, post-

monsoon, and January periods, successfully 

controlled bud rot with a 3.0% incidence rate. 

Notably, Treatment T  also exhibited promising 1

results in enhancing palm growth, with the highest 

recorded palm height and collar girth of 118.2 cm 

and 13.5 leaves per palm (Table 4; Fig 1).

T h e s e  fi n d i n g s  u n d e r s c o r e  t h e 

effectiveness of the tested treatments in reducing 

bud rot incidence and promoting coconut seedling 

germination and growth attributes. It is essential to 

consider these integrated approaches as alternatives 

to relying solely on chemical fungicides, which can 

have economic and environmental drawbacks. Our 

study opens avenues for future research to identify 

the specific compounds responsible for disease 

reduction and to further investigate the application 

of these strategies in various coconut growth stages.

136

significance was determined at a level of P < 0.05, 

and means were compared using Duncan's multiple 

range test (DMRT).

Results

Fig. 1. Efficacy of biocontrol agents and AM against 

bud rot disease in young coconut garden and their 

effect on growth parameters of coconut
Bud rot 

incidence (%)

Disease
Reduction over

Control (%)

Palm height

Collar girth (cm)

No. of leaves/
plant



T : (Soil application of talc based formulation of  T r i c h o d e r m a 1

asperellum  at a rate of  25 g/cent during sowing,  along with spindle 
leaf stage application of Bacillus subtilis endophyte at 10 g/l of  
water, (250ml/seedlings) administered  twice at three months and 
six months  post-sowing. Additionally,  arbuscular  
mycorrhizal (AM) fungi were applied at 50 g/cent three months after 
sowing)
T :(Soil drenching was performed with metalaxyl at 2 g/l of water 2  

during sowing, and spindle leaf stage application of metalaxyl 
(250ml/seedlings) at the same concentration was repeated twice at 
three months and six months post-sowing)

T : (Soil drenching was carried out with copper oxy chloride at 2.5 3 

g/l of water during sowing, and the same treatment was repeated 
twice at three months and six months post-sowing 
(250ml/seedlings))  
T : (Control)4  

SEd
CD (P=0.05)     

CV (%) 

Bud rot 
incidence 

(%)(after 120
days

Per cent 
Disease 

Reduction 
over control

Bud rot 
incidence (%) 

(after 120 
days)

Per cent 
Disease 

Reduction over 
Control

Treatments

        West Coast Tall (WCT)  Kenthali Dwarf KTD)

a a a a5.15 (13.52) 77.12 (61.81) 5.27  77.19 (61.50)

c c c c7.19 (15.35) 65.26 (54.37) 7.54  66.92 (54.65)

b b b b6.50 (14.62) 68.59 (56.31) 6.35  72.15 (58.28)

d d20.70 (19.28) 0(2.86)  22.80  0.0(2.86)

0.22  0.74  0.27 0.71
0.48  1.60  0.50 1.55
2.22  2.65  2.71 2.58

Table 1. Efficacy of biocontrol agents and AM in management of bud rot disease of  coconut seedlings

Table 2. Effect of biocontrol agents and AM on growth parameters of coconut seedlings West Coast Tall 
(WCT)

a a a a a a a aT  91.0 (73.58) 98.80 (77.94) 35.80 (36.36) 12.80 (20.87) 11.30 (19.53) 6.50 (14.76) 12.80 (20.49) 4.42 (12.15)1

c c c c c c c cT  85.40 (67.13) 93.10 (74.85) 28.10 (31.68) 7.00 (15.97) 8.34 (16.78) 5.50 (13.52) 9.96 (18.37) 3.80 (10.87)2

b b b b b b b bT  88.90 (71.45) 95.2 (76.72) 32.10 (34.95) 9.20 (17.64) 9.36 (17.81) 5.90 (13.97) 11.50 (19.17) 4.00 (11.59)3

d d d d d d d dT  76.30 (49.57) 89.50 (69.65) 27.0 (30.32) 6.10 (13.90) 7.50 (15.88) 4.75 (12.57) 9.52 (17.96) 3.34 (10.55)4

SEd 0.34 1.47 0.48 0.63  0.34 0.2  0.371 0.29

CD (P=0.05) 0.74 3.2 1.05 1.389 0.75 0.62  0.81 0.64

CV (%) 0.81 3.10 2.29 5.95  3.11 3.28  3.07 4.09

Treatments Germination   Shoot Root  No. of  Collar  No. of  Root Volume  Root dry 
3           (%)  length length roots   girth leaves/     (mm /    weight 

     (cm)  (cm)   (cm)   plant     plant) (g/plant)

Values are mean of five replications. Figures in the parentheses represent arcsine transformed values. In each treatment numbers followed by the 
same letter are not significantly different to LSD test at P<0.05%

Table 3. Effect of biocontrol agents and AM on growth parameters of coconut seedlings Kenthali dwarf (KTD) 
seedlings

     Treatments Germination  Shoot  Root  No. of  Collar  Number  Root  Root dry
  (%)  length  length  roots girth  of leaves  Volume   weight 

3     (cm) (cm)  (cm) /plant (mm /plant) (g/plant)
a a a a a a a a         T  89.1 (70.66) 94.7 ( 76.83) 26.28 (30.83) 10.7 (19.07) 8.90 (17.23) 6.0 (14.16)  9.8 (18.28) 4.18 ( 11.79 )1

c c c c c c c c         T  83.7 (66.19) 84.36 (66.74) 16.9 (24.29) 6.90 (15.63) 7.90 (16.30 ) 4.2 (11.81) 8.3 ( 16.80) 2.60 (9.28)2

b b b b b b b b         T  87.0 (68.87) 90.6 (71.84) 20.0 (26.54 ) 8.36 (16.79) 8.80 ( 17.19) 5.6 (13.67) 8.9 (17.39) 3.24 (10.36)3

d d d d d d d d         T  73.0 (58.45) 78.8 (62.58) 16.6 ( 24.00 ) 6.40 (14.40) 7.00 (15.78) 4.0 (11.16 ) 6.9 (15.22) 2.35 ( 4.33 )4

      Sed 0.68 0.61  0.75 0.71  0.12  0.39 0.06 0.28

 CD (P=0.05) 1.49 1.33  1.63 1.53  0.26  0.87 0.13 0.60

    CV (%) 1.64 1.39  4.49 6.77  1.13  4.97 0.60 4.36

Values are mean of five replications. Figures in the parentheses represent arcsine transformed values. In each treatment numbers followed by the 

same letter are not significantly different to LSD test at P<0.05%

Values are mean of five replications. Figures in the parentheses represent arcsine transformed values. In each treatment numbers followed by the 
same letter are not significantly different to LSD test at P<0.05%
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Table 4. Efficacy of biocontrol agents and AM in management of bud rot disease in young coconut garden and 
their effect on growth parameters of coconut

a a a a a2.6 ( 9.93) 71.73 (59.99) 4.2 (11.50) 118.2  13.5 ( 21.78 )

c c c c b3.9 (11.49) 57.60 (49.79) 3.7 (10.07) 98.5 (80.84) 12.0 (20.51)

b b b b b3.0 (10.72) 67.39 (58.35) 3.9 (11.28) 99.7 (82.29) 12.8 (20.04)

d d d c9.4 (17.61) 0(2.86 )  3.0 (10.25 ) 91.0 (72.88) 11.3 (19.96)

0.357 3.74  0.404 1.33  0.416

0.777 0.169  0.88 3.077  0.905

4.53 2.26  5.85 2.68  3.19

                                             Bud rot  Disease  Palm  Collar  No. of    o f 
  incidence Reduction height  girth   leaves / 
                                  Treatments (%)(after over   (cm)   plant 
  30 days) Control (%) 

T  : (Crown application of Bacillus subtilis endophyte at 10 g/l of water   1

(1 litre/tree) was conducted twice, first during the pre-monsoon period                   
(last week of May) and then during the post-monsoon period   
(September). Soil application of Trichoderma asperellum was carried 
out at a rate of 50 g per palm, and arbuscular mycorrhizal (AM) fungi      
were applied at 50 g per palm annually during January)

T  : (Crown application of metalaxyl at 2 g/l of water 2

(1 litre/tree) was performed three times: during the pre-monsoon period 
(May), post-monsoon period (September), and January)

T : (Crown application of copper oxy chloride at 2.5 g/l of water 3 

(1 litre/tree) was also applied three times: during the pre-monsoon 
period (May), post-monsoon period (September), and January)

T : Control4 

SEd

CD (P=0.05)

CV (%)

Values are mean of five replications. Figures in the parentheses represent arcsine transformed values. In each treatment numbers followed by the 
same letter are not significantly different to LSD test at P<0.05%

Discussion

Our study aligns with existing research that 

highlights the effectiveness of employing multiple 

biocontrol agents as a reliable approach to enhance 

biological control against plant diseases, 

particularly bud rot in coconut palms. These 

findings underscore the potential of integrated 

disease management strategies for sustainable 

agriculture.

In previous studies, seed nut dipping, soil 

drenching, and foliar sprays of the biocontrol agent 

Pseudomonas fluorescens-talc (1% solution) and 

the chemical fungicide Copper oxy chloride (0.3%) 

demonstrated promising results for managing bud 

rot in coconut nurseries (Surilirajan, 2014). These 

treatments have shown potential for integration into 

comprehensive disease management strategies.

However, our study deviates from this 

conventional approach by emphasizing the 

combined use of multiple strains of biocontrol 

agents, which proved to be more effective in 

reducing bud rot  incidence compared to 

combinations of biocontrol agents and chemical 

fungicides. This approach is in line with the 

observations made by various researchers who have 

reported that mixtures of biocontrol agents can 

exert a broader spectrum of activity, enhance 

overall biological control efficacy, and induce 

greater production of defense enzymes compared to 

individual strains (Latha et al., 2009; Senthilraja et 

al., 2010).

The consistent success of our study, where 

Bacillus subtilis and Trichoderma asperellum were 

employed in both nursery and young coconut 

seedlings, can be attributed to several mechanisms. 

While we did not document the production of 

antibiotics, toxins, and siderophores in our 

research, previous studies have substantiated the 

role of these metabolites in disease inhibition 

(Daniel Jebaraj et al., 2012). Trichoderma 

asperellum, in particular, is known to produce 

antibiotics and engage in mycoparasitism, which 

mechanically and chemically eliminates pathogens. 

Additionally, it competes for space, nutrients, and 

oxygen, contributing to disease suppression 

(Jayaratne et al., 2015).

The role of Bacillus species in disease 

suppression can be linked to their production of various 

peptide antibiotics, low molecular weight volatile 

compounds, and lipopeptides with specific antifungal 

properties. These compounds, such as fengycin and 

iturin, are known for their antifungal activities and may 

have contributed to bud rot reduction in our study 

(Zhang et al., 2013). Additionally, certain rhizosphere 

bacteria, including Bacillus species, can produce plant 
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growth-promoting substances like gibberellins and 

cytokinins, further enhancing crop health and yield 

(Pliego et al., 2011; Kang et al., 2009).

The concept of Induced Systemic 

Resistance (ISR) is significant in understanding 

how various microbes, including Bacillus and 

Trichoderma species, contribute to disease 

suppression. ISR can be induced by live or dead 

microbes, as well as specific bacterial molecules 

and organelles. These mechanisms have been 

reported to trigger the defense responses of plants 

against pathogens (Kloepper and Ryu, 2006). The 

mode of action of Bacillus spp. in our study may 

involve these mechanisms, although further 

research is needed to elucidate their specific 

contributions.

Our findings align with previous research, 

suggesting that Bacillus spp. possess significant 

antifungal potential. They have been demonstrated 

to suppress various plant pathogens, including 

Fusarium oxysporum and Phytophthora capsici 

(Shahzad et al., 2017; Melnick et al., 2008). 

Additionally, endophytic bacterial strains like 

Bacillus subtilis have shown efficacy against 

phytopathogenic fungi, such as Rhizoctonia solani, 

in cotton seedlings (Selim et al., 2017).

F u r t h e r m o r e ,  t h e  p r o d u c t i o n  o f 

phytoalexins and other defense-related compounds 

by the host plant in response to microbial 

co lon i za t i on ,  s uch  a s  w i th  A rbus cu l a r 

Mycorrhizal Fungi (AMF), can contribute to 

disease suppression and promote plant growth 

(Jeandet et al., 2013; Harrier and Watson, 2004). 

The enhanced nutrient uptake, particularly 

phosphorus, associated with mycorrhizal plants 

m a y  p l a y  a  r o l e  i n  d i s e a s e  r e d u c t i o n 

(Olowe et al., 2018).

In conclusion, our study provides valuable 

insights into the effectiveness of integrated disease 

management strategies for combating bud rot in 

coconut palms. The combined use of multiple 

biocontrol agents, such as Bacillus subtilis and 

Trichoderma asperellum, holds promise for 

sustainable disease control. While the specific 

mechanisms involved in disease suppression were 

not fully explored in our research, the findings 

corroborate previous studies and open avenues for 

future investigations into the modes of action of 

these biocontrol agents at different stages of 

coconut cultivation. An integrated approach that 

combines various factors, including cultivar 

selection, drainage, fertilization, monitoring, and 

infected tissue removal, should be considered for 

comprehensive disease management in coconut 

farming (Torres et al., 2016).

Conclusion

The comprehensive investigation into bud 
rot management in coconut cultivation has yielded 
valuable insights that can significantly contribute to 
the sustainable growth of this vital crop. Our findings 
underscore the efficacy of treatment, comprising the 
soil application of T. asperellum at 25 g/cent during 
sowing, crown application of B. subtilis endophyte at 
10 g/liter of water at three and six months post-
sowing, and the application of AM fungi at 
50 g/cent at three months post-sowing. This treatment 
not only reduced bud rot incidence but also exhibited 
a positive impact on germination and growth 
attributes in coconut seedlings, outperforming 
alternative treatments.

Furthermore, the study extended its 
investigation to young coconut gardens, revealing 
that treatment, which included crown application of 
B. subtilis endophyte, soil application of T. 
asperellum, and AM fungi during different stages of 
growth, effectively mitigated bud rot incidence. 
These findings highlight the potential of integrated 
disease management strategies for the long-term 
health and productivity of coconut palms. While 
foliar application of fungicides showed efficacy in 
reducing fungal diseases' incidence, our study 
emphasizes the importance of avoiding sole 
reliance on chemical control measures. Such 
approaches not only prove uneconomical but also 
pose potential hazards to ecological and 
environmental health.

This research has not only addressed a 
significant challenge in coconut cultivation but has 
also paved the way for future investigations. 
Subsequent researchers can focus on identifying the 
specific ant ibiot ics ,  enzymes,  and other 
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