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Introduction 

Coconut (Cocos nucifera Linn.) is a tropical perennial plantation 

crop known for its variety of commercial importance. The 

major coconut growing countries include Philippines, 

Indonesia, Sri Lanka and India. In India, coconut cultivation in 

an area of 2.28 million hectares produces 20535.88 million nuts 

(1). The coconut under cultivation in the state of Tamil Nadu in 

an area of 0.44 million hectares produces 4097.23 million nuts 

(2). 

 Coconut is affected by various fungal diseases, 
including bud rot (Phytophthora palmivora), grey blight 

(Pestalotiopsis palmarum), Thanjore Wilt (or) basal stem end 

rot (G. lucidum), stem bleeding disease (Thielaviopsis paradoxa) 

occurring in Tamil Nadu. Among these, BSR disease caused by 

G. lucidum (Leys.) Karst. poses a significant threat to 

production and productivity (3). Also known as Thanjavur wilt 

this disease predominantly affects in traditional coconut 

growing regions along the East Coastal. As per estimates, the 

disease incidence in the area was nearly about 31 % (4). 

Recently, the cyclone-Gaja aggravated the disease incidence 

by up to 50 % in east coastal region that continuously reminds 

the threat of the disease to the coconut farmers in this region 

(5). 

 The symptoms of BSR disease include yellowing, 

drooping and drying of leaves from lower to upper portion 

followed by button shedding and barren nuts and excessive 

root rot, stem bleeding with the exudation of reddish-brown 

viscous fluid and dried leaves fall-off with crown collapse and 

decay leads to death of palm (6).  Severely infected palms 

become wilt and unproductive with the formation of 

sporophores at the base of the palm (7).  This disease spreads 
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Abstract  

Basal stem rot (BSR) disease, a lethal disease of coconut crop, induced by Ganoderma lucidum is prevalent and endemic in the East Coast 
region of the Tamil Nadu. The prolonged use of a single fungicide and the emerging issue of fungicide resistance raised concerns 

regarding disease control in this region. An integrated disease management strategy, incorporating new generation fungicides could help 

resolve these challenges. The Indian Council of Agricultural Research-AICRP on Plantation Crops (All India Co-ordinated Research Project) 
investigated different fungicides of single along with combination types against G. lucidum at three different concentrations (100, 250 and 

500 ppm) in an in vitro study. Thirteen fungicides were screened and was found that hexaconazole 4 % + carbendazim 16 % SC, 

hexaconazole 5 % + validamycin 2.5 % SC as well as azoxystrobin 11 % + tebuconazole 18.3 % SC W/W were most effective in controlling G. 

lucidum even at lower concentrations. In field trial, two novel combination fungicides azoxystrobin 11 % + tebuconazole-18.3 % SC W/W 
and hexaconazole 5 % + validamycin 2 % SC, were utilized. In comparison to other treatments, treatment (T6), which consists of root 

feeding hexaconazole 5 % + validamycin-2.5 % SC @ 4 mL in 100 mL of water as well as drenching the soil with hexaconazole 5 % + 

validamycin-2.5 % SC @ 2 mL/L (15 L/palm) every three months, was the most successful in controlling the disease. This treatment 

reduced the BSR disease index by 12.43 % compared to the initial disease index and resulted in a 58.49 % increase in nut yield 
compared to the control.  
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quickly in the ill-maintained coconut gardens.  

  BSR disease primarily affects coconut plantations in 

East Coastal areas with sandy loam soils particularly under 

rainfed conditions and in poorly maintained coconut gardens 

(8). The coastal soil type and soils with poor drainage and 

flooded conditions of the field during rainy season are highly 

conducive to the disease (9). Soil borne nature of the fungus 

disseminates through soil, irrigation water and rainwater and 

seedlings from sick soil from one field to others. The severe 

spread and lethal nature of the disease urgently necessitates 

sustainable disease management.  Combining cultural, 

chemical, along with biological approaches can help to 

manage BSR disease in coconuts (10). Fungal pathogens are 

effectively controlled by chemical fungicides (11). 

 In disease management scenario, failure of fungicides 

due to fungicidal resistance and banning of existing fungicides 

in the market is highly challenging. Extending the scope of 

screening for new chemicals is a practical need for the disease 

control. In this context, the performance of in vitro screening of 

new fungicide molecules is continuously encouraged that 

ensuring the complete inhibition of the pathogen.  

 Several studies have investigated the in vitro efficacy of 

novel fungicidal molecules against G. lucidum, with promising 

results for various chemical treatments. The effectiveness of 

Tridemorph (500 ppm) against G. lucidum was tested by (11, 

12).  tridemorph 80 EC effectively suppressed the G. lucidum of 

arecanut (13). 

 The combination fungicide tebuconazole 50 %

+trifloxystrobin was tested for the in vitro suppression of 

Lasiodiplodia theobromae of coconut (14). Carbendazim 50 WP 

was a potent fungicide for the suppression of Lasiodiplodia 

theobromae under in vitro (15).  Difenoconazole was used for 

the in vitro suppression of coconut grey leaf spot pathogen of 

coconut (16). Study indicated that difenoconazole inhibited 

the mycelia growth and sporulation of Thielaviopsis punctulate 

(17). Difenoconazole and cyflufenamid were used for the 

significant inhibition of the Fusarium solani growth causing 

sudden decline disease of date palms in vitro (18).  

 The present study tried to evaluate 13 novel systemic 

fungicides against the virulent isolate of G. lucidum (CRSVPM-

3) causes BSR disease. Subsequently, field evaluation of 

potential fungicide molecules was done by adopting the soil 

drenching and root feeding methods for the fullest practical 

utility to combat the soil borne disease. Therefore, the field 

study laid out with different treatments of potent fungicides 

and essentially integrated the soil drenching and root feeding 

methods for these fungicides made fruitful for future disease 

control strategies.  

 In this context, the present study tried to review the 

different systemic chemicals used by several workers for the 

control of BSR disease in coconut: Root feeding with carboxin 

and quintozene fungicides (19) were effective in controlling 

BSR disease in coconut.  

 To ensure the lowest BSR disease index in the coconut 

gardens, palms were treated with   2 % tridemorph root 

feeding + 0.3 % soil drenching and demonstrated the 

combined effect of 1 % hexaconazole root feeding and 0.2 % 

soil drenching: soil drenching with 0.3 % tridemorph and 0.2 % 

hexaconazole in comparison with root feeding 2 % 

tridemorph or else 1 % hexaconazole alone (20). In the 

Kerala, soil drenching with 0.4 % copper oxychloride at 15 L/

tree and root feeding with 2 % tridemorph and 0.1 % soil 

drench in conjunction with neem cake successfully prevented 

the BSR disease of coconut (21). Hexaconazole, tridemorph, 

propiconazole, tridemefon, cyproconazole and penconazole 

were used as soil drenching in the control of white root 

disease of rubber in the newly infected trees or trees at mild 

infection level (22). The root feeding of hexaconazole 5 EC 1 % 

along with the potential biocontrol agent at four monthly 

intervals helped in controlling the BSR disease in coconut 

(23). 

 Although many investigations on the field application of 

disease management practices were tried against this disease, 

the use of systemic chemicals is highly promising.  Recently, the 

aggravation of the disease after the cyclone - Gaja caused severe 

yield reduction and the quest for new systemic chemicals was 

viewed seriously by the state agriculture research and extension 

system and coconut growers. This necessitates the laboratory 

screening and field study of fungicides to find out the effective 

new fungicide against G. lucidum for field utility.  Accordingly, the 

present study focused on the effective management of BSR of 

coconut. 

 

Materials and Methods 

The inhibitory effect of thirteen systemic fungicides includes 

five combination fungicides and eight single fungicides at 

100, 250 and 500 ppm concentrations on G. lucidum’s 

mycelial growth under in vitro condition was evaluated by 

poisoned food technique (24). Each treatment was replicated 

three times with proper control.  

 Five combination fungicides viz., famoxadone 16.6 %+ 

cymoxanil 22.1 % SC, hexaconazole 4 %+ carbendazim 16 % SC, 

azoxystrobin 11 %+ tebuconazole 18.3 % SC W/W, azoxystrobin 

18.2 % w/w+ difenoconazole 11.4 % w/w SC, hexaconazole 5 %+ 

validamycin 2.5 % SC were used against the G. lucidum. 

 Eight single fungicides viz., cyazafamid 34.5 % SC, 

mancozeb 35 % SC, “kitazin 48 % EC, thifluzamide24 % SC, 

carbendazim 46.27 % SC, isoprothiolone 40 % EC, 

difenoconazole 25 % EC, pencycuron 23.9 % SC were also used 

for the in vitro studies. 

 The sterile Potato Dextrose Agar (PDA) medium was 

amended with required concentrations of fungicides and 

dispensed into individual sterile Petri plates for each 

concentration under sterile environment. The fungal mycelial 

disc (8mm) from 7days old culture of the virulent isolate of G. 

lucidum (CRSVPM-3) (mycelial disc) was used for the 

inoculation and the Petri plates were incubated at 28±2 ºC. 

For each concentration, a control had been maintained by 

simultaneous inoculation of well grown target fungus in the 

Petri plate without amending the fungicide in the PDA 

medium. Nine days after the fungus's inoculation, 

measurements of the target fungus's mycelial growth diameter 

were taken. The following formula was used for the calculation 

of percent inhibition of mycelial growth of target fungus: 

PI=(C-T)/C*100                                                                          (Eqn. 1) 
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  Where, 

PI=Per cent inhibition over control 

C=Mycelial growth of pathogen in control 

T=Mycelial growth of pathogen in treatment 

 Under a CRD (completely randomized design), 3 

replications of each treatment were kept.    Duncan's Multiple 

Range Test (DMRT) was used to compare treatment means 

and the data were statistically analyzed (25).  

Field evaluation of potential fungicides  

The following eight treatments were adopted for the conduct 

of field evaluation of potential fungicides against coconut’s 

BSR disease at Coconut Research Station, Veppankulam 

during 2021-2022 under RBD (Randomized Block Design) with 

3 replications (4 palms/replication).  

 Coconut palms (variety East Coast Tall) aged 15-20 

years and infected with BSR were selected for the trial. The 

disease index of the palms was calculated before and after 

imposition of treatments. 

Treatments 

• T1-Root feeding of azoxystrobin 11 %+ tebuconazole 18.3 % 

SC @ 4 mL in 100 mL of water  

• T2- Soil drenching of azoxystrobin 11 %+ tebuconazole 18.3 

% SC (@ 2 mL/L of water) 15 L of water/palm 

• T3-T1+T2 

• T4-Root feeding of hexaconazole 5 %+validamycin 2.5 % 

SC@4 mL in 100 mL of water 

• T5- Soil drenching of hexaconazole 5 %+validamycin 2.5 % 

SC (@ 2 mL/L of water) 15 L of water/palm 

• T6-T4+T5 

• T7-Root feeding of hexaconazole @ 4 mL in 100 mL of water 

• T8-Control 

Calculation of Disease Index (DI) 

The DI was calculated by taking note of the height of the 

bleeding patch, the quantity of functional leaves, as well as 

the decline in leaf size in infected palms. The disease-infected 

palms were identified based on the visible symptoms on 

leaves as well as bleeding on basal portion of stem (6).  

 DI formula for BSR disease in coconuts was provided 
using the equation (26).   

 DI=23.6+17.7 h+3.6r-0.61                            (Eqn. 2) 

 where "h" stands for the height of the bleeding spread 

on stem, "l" for number of functional leaves in crown, as well 

as "r" represents reduction of terminal leaf size.  

 The calculated DI score for a mild disease attack of 
BSR was 15 or less than 15, for a moderate attack of BSR the 

score was between 15 and 40 and for a highly diseased one 

was above 40. This approach allows for disease assessment 

in palms while the severity does not surpass 100. 

Statistical analysis  

ANOVA for a Completely Randomized Design for in vitro 

research and RBD for in vivo studies with three replicates 

were applied to the data collected for different parameters in 

the current investigation. The critical difference was calculated 

for the mean values of different parameters with standard 

errors for the significance at P values <0.05. Microsoft Excel 

(2019) was used for the creation of graphs. The ICAR software 

WASP version 2.0 was used for the data analysis. 

 

Results 

In vitro screening of new fungicides against Ganoderma 

lucidum 

Thirteen fungicides were tested against G. lucidum the in vitro 

by poisoned food technique at 100, 250 and 500 ppm 

concentrations and the mycelial growth of G. lucidum and the 

inhibition were checked with the control plate. 

 The results revealed that among thirteen fungicides 

tested under in vitro, hexaconazole 4 %+carbendazim 16 % 

SC, “azoxystrobin 11 % + tebuconazole-18.3 % SC W/W as 

well as hexaconazole 5 %+ validamycin 2.5 % SC” had been 

found superior over the other fungicides by recording 100 % 

inhibition of G. lucidum at 250 ppm and 500 ppm 

concentrations (Table 1, Fig.1, Fig. 2a - 2e). Treatments were 

statistically significant. There was no 100 % mycelial 

inhibition of pathogenic fungi by the fungicide azoxystrobin 

11 %+ tebuconazole-18.3 % SC W/W at lower concentration of 

100 ppm. On the other hand, “hexaconazole 5 %+ validamycin 

2.5 % SC and hexaconazole 4 %+ carbendazim 16 % SC 

showed 100 % mycelial inhibition at lower concentration of 

100 ppm. 

Management of basal stem rot disease in coconut 

through fungicides 

To control BSR in coconut during 2021-2022, an in vitro 

investigation evaluated two novel systemic combination 

fungicides: hexaconazole 5 %+ validamycin 2.5 % SC and 

azoxystrobin 11 % + tebuconazole-18.3 % SC W/W”. A field 

study was conducted using eight treatments in a randomized 

block design with three replications. Three coconut trees 

infected with BSR were chosen for each replication. The 

treatments including the new systemic fungicides were 

applied through root feeding and soil drenching at quarterly 

intervals. Additionally, a treatment involving root feeding 

with hexaconazole 5 % alone was included for comparison. 

Pre and post treatments imposition were implemented and 

the DI for coconut BSR was recorded (Table 2a, 2b).  

 In comparison to other treatments in 2022, outcome 

of the present investigation showed that treatment (T6), that 

consists of root feeding hexaconazole 5 %+ “validamycin-2.5 

%S C@ 4 mL in 100 mL water as well as soil drenching of 

hexaconazole 5 %+ validamycin-2.5 % SC@ 2 mL/L (15 L/

palm) at quarterly intervals, was most efficient in managing 

BSR disease”. This treatment resulted in a 12.43 % reduction 

in the BSR DI compared to the initial DI (Table 2b). 

Additionally, the same treatment showed the increased per 

centage of nut yield of 40.2 % over the control (Table 3). 

 

Discussion 

Earlier, in vitro screening of different fungicides against G. 
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S. No Fungicides 

Mycelial growth of Ganoderma lucidum 9 days after 
inoculation (in mm) 

Percentage 
inhibition over 

control 100 ppm 250 ppm 500 ppm 

1 Famoxadone16.6 % + Cymoxanil 22.1 % SC 
90                       

(71.67) 
90                                

(71.67) 
89.68                           

(71.26) 
0.361 

2 Cyazafamid 34.5 % SC 
90 

(71.67) 
90 

(71.67) 
90 

(71.67) 
0 

3 Mancozeb 35 %SC 
68.75 

(56.01) 
68.13 

(55.63) 
66.38 

(54.56) 
26.25 

4 Kitazin 48 % EC 
15.38 

(23.09) 
11.20 

(19.55) 
10.39 

(18.80) 
88.46 

5 Hexaconazole 4 % + Carbendazim 16 % SC 0                             
(00.00) 

0                                  
(00.00) 

0                                                            
(00.00) 

100 

6 Azoxystrobin 11 % + Tebuconazole-18.3 % SC W/W 
1.50 

(7.03) 
0 

(0) 
0 

(0) 
100 

7 Thifluzamide24 % SC 
18.06 

(25.15) 
10.31 

(18.73) 
12.31 

(20.54) 
86.32 

8 Carbendazim 46.27 % SC 
6.13 

(14.33) 
4.13 

(11.73) 
0.81 

(5.16) 
99.10 

9 Isoprothiolone 40 % EC 
35.13 

(36.35) 
23.43 

(28.95) 
15.19 

(22.94) 
83.13 

10 Difenoconazole 25 % EC 
56.44 

(48.70) 
46.49 

(42.99) 
35.50 

(36.57) 
60.56 

11 Azoxystrobin 18.2 % w/w + difenoconazole 11.4 % w/w SC 
25.19 

(30.13) 
21 

(27.27) 
3.78 

(11.21) 
95.81 

12 Hexaconazole 5 % + validamycin 2.5 % SC 
0 

(0) 
0 

(0) 
0 

(0) 
100 

13 Pencycuron 23.9 % SC 
90 

(71.67) 
90 

(71.67) 
90 

(71.67) 
0 

14 Control 
90 

(71.67) 
90 

(71.67) 
90 

(71.67) 
0 

  CD(p=0.05) 5.465 0.391  0.437  

Table 1. In-vitro evaluation of new fungicides molecules against Ganoderma sp  

Figures in parenthesis are arc sine transformed values 

Treatments 

BSR DI (%) 

Pre-tmt Oct 20 January 21 April 21 July 21 October 21 

T1 
16.21 

(23.74) 
16 

(23.58) 
16.01 

(23.59) 
16.01 

(23.59) 
15.85 

(23.46) 

T2 
16.08 

(23.64) 
16.20 

(23.73) 
16.20 

(23.73) 
16.26 

(23.78) 
16 

(23.58) 

T3 
24.38 

(29.59) 
23.50 
(29) 

23.48 
(28.98) 

23.44 
(28.95) 

23 
(28.66) 

T4 
30.61 

(33.59) 
30 

(32.21) 
30 

(33.21) 
29.82 

(33.10) 
29 

(32.58) 

T5 
35.87 

(36.79) 
36 

(36.87) 
35.89 

(36.80) 
35.62 

(36.64) 
35.50 

(36.57) 

T6 
14.12 

(22.07) 
13 

(21.13) 
12.99 

(21.13) 
12.85 
(21) 

12.72 
(20.89) 

T7 
18.94 

(25.80) 
18 

(25.10) 
18 

(25.10) 
18 

(25.10) 
17.98 

(25.09) 

T8-Control 
40.92 

(23.74) 
43.70 

(41.38) 
43.72 

(41.39) 
44.22 

(41.68) 
44.30 

(41.73) 

SEM 3.57 12.10 3.88 12.01 3.92 

CD (p=0.05) NS NS NS NS NS 

Table 2a. Effect of fungicides against BSR of coconut at CRS, Veppankulam during 2021 

Figures in parenthesis are arc sine transformed values 
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lucidum was done with the conventional fungicidal molecules 

viz., carbendazim, tridemorph and aureofunginsol.  The 

current study focused on new generation fungicidal 

molecules for managing BSR disease caused by G. lucidum 

palm species.  The fungicide Tridemorph at 500 ppm inhibited 

G. lucidum under in vitro (27, 28).  In vitro suppression of G. 

lucidum and G. applanatum by some fungicides viz., Bordeaux 

mixture, tridemorph, copper oxychloride and hexaconazole 

(12). Study revealed that difenoconazole+propiconazole, 

hepridion and carbendazim inhibited the growth of 

Phytophthora palmaram grey leaf spot of coconut even at low 

concentrations (16). Six fungicides were evaluated against BSR 

of Arecanut and tridemorph 80 EC was reported as superior 

fungicide in controlling the disease and followed by 

carbendazim 50 WP (13). difenoconazole inhibited the mycelia 

growth and sporulation of Thielaviopsis punctulate pathogen of 

Date palm (17). A study confirmed that Botrydiplodia 

theobromae was significantly inhibited by the fungicide 

tebuconazole 50 % + trifloxystrobin 25 % WG over other 

fungicides in vitro (29). The fungicide tebuconazole 

+trifloxystrobin was found to inhibit Lasiodiplodia theobromae 

growth at 100 ppm (14). The inhibitory effect of fifteen 

fungicides on L. theobromae growth was showed at different 

concentrations and systemic fungicide carbendazim showed 

100 % inhibition the over control even at lower concentration 

of 50 ppm under room temperature (15).  

 The present in vitro study revealed the effectiveness of 

the new combination fungicide against G. lucidum under in 

vitro experiment and 100 % mycelial inhibition of G. lucidum 

was achieved by three new fungicides viz., hexaconazole 4 % 

+ carbendazim 16 % SC, azoxystrobin 11 % + tebuconazole-

18.3 % SC W/W as well as hexaconazole 5 % + validamycin 2.5 

% SC at 250 ppm and 500 ppm (Table 1, Fig. 1 & Fig. 2 (a, b, c, 

d, e)). While slight fungal growth was observed at 100 ppm, 

the new fungicide combinations remain promising for further 

field evaluations.  

  The screening of twelve fungicides and new 

combinations of fungicides against G. lucidum was done and 

found that tebuconazole 25.9 EC, tetraconazole 3.8 EW, 

tebuconazole + trifloxystrobin 50 + 25 WG, hexaconazole 5 EC, 

difenoconazole 25 % EC, thiram + carboxin 37.5 + 37.5 WS and 

propiconazole 25 EC were showed similar results (29). 

Recently, the work related to the suppression of G. lucidum 

under in vitro by the fungicide hexaconazole 5 EC @ 125 ppm 

(23) and trifloxystrobin 25 %+tebuconazole 50 % WG was 

used in the control of tomato leaf blight and obtained the 

reduced disease incidence 32.40 % as compared to control 

(54.21 %) (30). In solid plate assay, triflumizole 42.14 % SC 

and azoxystrobin 18.2 % + difenoconazole 11.4 % SC at 2000 

ppm, 4000 ppm completely suppressed the Ganoderma causes 

BSR disease in oil palm (31). The confirmation of the inhibitory 

effect of propiconazole and tebuconazole against 

Lasiodiplodia theobromae was also done under in vitro. The 

sequential root feeding of propiconazole and tebuconazole 

fungicide (100 mL / palm) at three months interval reduced the 

leaf blight disease incidence up to 5.66 % over control (32).  

Treatments 

Mean nut yield/Year Percent 
increase over 

control 
July 
2021 

October 
2021 

December 
2021 

March 
2022 

July 
2022 

Total 

T1 24.03 14.37 10.43 10.1 24.03 82.97 10.04 
T2 24.83 15 14.23 16.3 20 90.37 19.85 

T3 21.83 26.17 13.30 24.1 32.10 117.47 55.79 

T4 10 15 16 20.5 24 85.53 13.44 
T5 13.53 14 15 24 25 91.53 21.40 

T6 16.50 18 24 26 35 119.50 58.49 

T7 18.63 14.40 30.83 22.2 32.53 118.57 57.25 

T8-Control 17.87 13 15.53 14 15 75.40 0 
SEM 6.777 0.170 0.287 0.331 0.467     

CD (p=0.05) NS 0.517 0.872 1.005 1.417     

Table 3. Effect of fungicides against BSR of coconut and nut yield at CRS, Veppankulam during 2021-22 

Treatments 
BSR DI (%) 

Percentage disease reduction over initial 
January 22 April 22 July 22 October 22 

T1 
15.82 

(23.44) 
15.80 

(23.42) 
15.50 

(23.18) 
15.09 

(22.86) 
6.91 

T2 
15.67 

(23.32) 
15.95 

(23.54) 
15.90 

(23.50) 
15.82 

(23.44) 
1.59 

T3 
22.95 

(28.62) 
22.80 

(28.52) 
22.50 

(28.32) 
22.25 

(28.14) 
8.73 

T4 
28.60 

(32.33) 
28.25 

(32.11) 
28 

(31.95) 
27.70 

(31.76) 
9.49 

T5 
35.45 

(36.54) 
35.40 

(36.51) 
35 

(36.27) 
34.96 

(36.25) 
2.54 

T6 
12.70 

(20.88) 
12.50 

(20.70) 
12.50 

(20.70) 
12.36 

(20.58) 
12.43 

T7 
17.85 

(24.99) 
17.75 

(24.92) 
17.70 

(24.88) 
17.44 

(24.68) 
7.90 

T8-Control 
44.46 

(41.82) 
44.56 

(41.88) 
44.65 

(44.93) 
45.10 

(42.19) 
-10.22 

SEM 0.235 0.360 0.352 0.40   
CD (p=0.05) 0.714 1.093 1.07 1.21   

Table 2b. Effect of fungicides against BSR of coconut at CRS, Veppankulam during 2022  

Figures in parenthesis are arc sine transformed values 
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Fig. 1. In vitro effect of different fungicides against Ganoderma lucidum at varying concentrations, observed 9 days after inoculation on Potato 
Dextrose Agar (PDA) medium.  

Fig. 2. In vitro effect of different fungicides against Ganoderma lucidum at varying concentrations, observed 9 days after inoculation on PDA 
medium. (a, b, c, d, e).   
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 Many investigations on fungicidal management against 

BSR disease in various field studies were initiated with different 

fungicides. tridemorph (2 %) root feeding combined with 0.3 % 

soil drenching treated palms showed the lowest DI subsequent 

by 1 % hexaconazole root feeding+ soil drenching (20). Half 

yearly application of 1 % bordeaux mixture as soil drenching @ 

20 L / Palm contributed least increase of DI (10.57 %) over pre-

treatment in the Integrated disease management of 

Ganoderma wilt of coconut (28). Fungicide tridemorph treated 

palms in integrated disease management trial controlled the 

BSR disease in coconut with low infection levels within seven 

months (33).  An attempt was made to utilize 5 kg of neem cake 

as well as 50 g of Trichoderma harzianum per palm to the soil in 

6 months intervals, along with quarterly root feedings of 1 % 

hexaconazole in controlling BSR. They were able to minimize 

disease by 70.31 % over the control. 2 % tridemorph root 

feeding, as well as 5 kg of neem cake/palm/year, 

demonstrated a 64.02 % disease reduction over control. On the 

other hand, 1 % hexaconazole root feeding and 5 kg of neem 

cake/palm/year demonstrated a 56.93 % disease reduction 

over control (34). While soil drenching with 0.3 % Calixin at the 

rate of 10 L /palm at quarterly intervals and the most 

effectiveness of the fungicidal treatment in controlling BSR was 

documented (13). In field investigations, application of 40L of 1 

% bordeaux mixture as a soil soaking once every 3 months and 

feeding tridemorph roots (2 mL in 100 mL of water) at quarterly 

intervals was effective in controlling coconut BSR disease in 

coconut (35). Diseased coconut seedlings treated with 

difenoconazole, escaped from the attack of Thielaviopsis 

punctulata for 4 weeks after inoculation (17).  The coconut leaf 

blight disease was controlled in two different locations by the 

root feeding with carbendazim 50 % WP @ 10 g in the 100 mL 

water with minimizing the disease by approximately 20.72 % 

(15). 

 The present field study revealed the effectiveness of 

“treatment (T6) root feeding of hexaconazole 5 % + 

validamycin 2.5 % SC@ 4 mL in the 100 mL water combined 

with soil drenching of same fungicide at the rate of 2 mL/L (15 

L/palm) at quarterly interval. This treatment contained the 

BSR disease by registering 12.43 % decline of DI over the 

initial DI in contrast to alternative treatments in 2022 (Table 

2b). and the same treatment showed the increased 

percentage of nut yield of 40.2 % over the control (Table 3). 

BSR disease in the coconut was successfully managed with 

application of talc formulation of potential Trichoderma viride 

and Pseudomonas fluorescens each at the rate of 5 kg/ha), 

neem cake at 5 kg/ha/tree and in situ ploughing of sunnhemp 

at 50 kg/ha in 45 days after sowing (36). In their investigation 

of the impact of root feeding 2 % tridemorph and applying 5 

kg of neem cake per palm annually, as well as root feeding 

1% hexaconazole and applying 5 kg of neem cake per palm 

annually against G.lucidum in arecanut was recorded.  The 

integrated treatments had lower disease spread rates (64.02 

%) than the control (56.93 %) (37). Hexaconazole @3 mL/100 

mL of water/palm was employed as root feeding at quarterly 

intervals for coconut BSR disease’s field management (38). 

 The reduced BSR DI from 32.2-17.1 % after 3 years in 

coconut while combining the soil application of 1 % 

hexaconazole 5 EC with T. harzianum enriched neem cake @ 

5 kg/palm at the 4 months interval (23).  

 Recently, to control BSR of arecanut, adopted a soil 

drenching treatment with 10 L of hexaconazole 5 % EC @ 

2mL/L water/palm twice a year and applied Trichoderma 

virens enriched with 2 kg neem cake/palm 15 days after 

chemical application. Integration of biocontrol agents with 

fungicide hexaconazole and neem cake was advocated (39). 

The sequential root feeding of propiconazole and 

tebuconazole against coconut leaf blight disease and 

registered significant disease reduction and increased nut 

yield (135 nuts) as compared to control (99 nuts) confirmed 

the results of the present study (33). Recently, the 

effectiveness of hexaconazole 5 %+ validamycin 2.5 % SC and 

azoxystrobin 11 % + tebuconazole 18.3 % SC, famaxadone 

16.6 % + cymaxanil 22.1 % SC, carbendazim 12 % + mancozeb 

63 % WP and hexaconazole 4 % + zineb 68 % in suppressing 

G. lucidum under in vitro with the inhibition range of 97 % to 

99 % at 100 ppm, 250 ppm and 500 ppm and at par with 

single fungicide formulations that is, hexaconazole 5 % EC, 

thifluzamide 24 % SC along with mancozeb 75 % WP having 

conformity with the results (40). 

 In the last two decades, the work on new systemic 

fungicidal molecules and combination fungicides for the 

control of BSR pathogen of coconut under in vitro and in vivo 

conditions has been limited. Considering the futuristic view, 

the present investigation identified the potential new systemic 

combination fungicides viz., Hexaconazole 5 % + Validamycin-

2.5 % SC as well as Azoxystrobin 11 % + Tebuconazole-18.3 % 

SC and tested their field efficacy in individual and combination 

mode of treatments. The present field study confirmed 

effectiveness of treatment (T6), which involved root feeding 

with hexaconazole 5 % + validamycin-2.5 % SC (4 mL in the 100 

mL water) combined with soil drenching (2 mL/L of water, 15 L 

of water/palm) at quarterly interval to evaluate the disease’s 

further spread in endemic location to sustain nut yield. The 

findings of this study provide valuable insights for integrating 

new fungicide formulations into future BSR disease 

management strategies in coconut. 

 

Conclusion 

The present study validated the efficacy of new combination 
fungicides in both in vitro as well as in vivo against the lethal 

pathogen G. lucidum causes BSR disease in coconut. Two 

potential combination fungicides viz., hexaconazole 5 % + 

validamycin-2.5 % SC and azoxystrobin 11 % + tebuconazole 

18.3 % SC had been identified and the efficacy of soil 

drenching method and root feeding method and their 

integration for these two potential fungicides were tested in 

the field trial for two years. The findings of the study boost the 

judicial usage of new promising chemicals with the merits of 

novel mode of action, less residual toxicity, less persistence of 

chemical in soil and minimal effect on non-target organisms 

for tackling fungal disease management. The exploitation of 

field efficacy of new fungicidal molecules with appropriate 

delivery can improve the plant uptake and reduces the runoff 

of fungicides and manage the fungicide resistance. 

 In this context, the present study will ultimately 
support the development of Integrated Disease Management 

(IDM) module for tackling BSR disease in coconut.  
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