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Executive Summary

NATP Phase 2 has funded the subproject “Development of Integrated Crop
Management Technologies for Higher Production of Coconut in Bangladesh”. The sub-project
was started in June 2018 and implemented by four components (Pomology Division,
Horticulture Research Center, BARI conducted research on fertilizer and irrigation;
Entomology Division, BARI conducted research on insect management; Plant Pathology
Division, BARI conducted research on management of major diseases; and SSURDA validated
technologies developed by different components.)

Prior to start the experiments, base line survey on the management practices like
application of fertilizer, irrigation and growth regulators; insect and mite pest problems and the
management options followed by farmers and major diseases of coconut had been done in all
the target locations viz. Barishal, Patuakhali, Jashore, Satkhira, Chuadanga, Kushtia, Meherpur
and Gazipur in 2018-19. From the surveyed report, it was observed that minimum respondent
farmers (24.3%) in Patuakhali and Satkhira and maximum respondent farmers (44.3%) in
Gazipur applied fertilizers for their coconut trees. Farmers were reported to apply generally
fertilizer per plant per year amounting Urea-500 g, MoP-500 g and Cowdung 20.0 Kg.
Application of irrigation differed from 7.6 to 32.4%. Use of growth regulators was negligible.

Coconut eriophyid mite, Rhinoceros beetle and Red palm weevil were found to attack
coconut tree in the studied locations. It was revealed that coconut eriophyid mite was
predominant pest followed by Rhinoceros beetle and Red palm weevil. From the efficacy study
of pheromone traps against red palm weevil, it was observed that pheromone trapping could be
an effective tool in [PM program against this pest.

During the survey program at Gazipur, Jashore, Shatkhira, Barishal, Chuadunga and
Meherpur districts, four diseases (grey leaf spot, bud rot, root wilt and stem bleeding) were
identified. Among the four diseases, incidence of grey leaf spot caused by Pestalotia palmarum
and bud rot disease caused by Phytophthora palmivora were high in all the surveyed areas. The
highest incidence of grey leaf spot was observed in Barishal (75%). The incidences of bud rot,
stem bleeding and root wilt were recorded to be 5%, 1% and 1.67%, respectively at Jashore.

Experiments on fertilizer and irrigation were conducted by Pomology Division of
Horticulture Research Centre, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur
and RARS, Rahmatpur, Barishal during June 2019 to May 2020. The number of female flower,
number of fruit set, fruit weight, fruit yield and amount of green coconut water increased
significantly when fertilizers were applied at the rate of N: 675 g/plant (Urea-1465 g/plant) , P:
150 g/plant (TSP-750 g/plant), K: 1500 g/plant (MoP-3000 g/plant), S: 93 g/plant (Gypsum-581
g/plant), Zn: 32 g/plant (ZnS04--90 g/plant), B:7.5 g/plant (Boric acid-44 g/plant) and cowdung:
20 kg/plant). The highest water content in green coconut was found in above mentioned
treatment (1004 ml) and the lowest water content was recorded in native soil (580 ml). Irrigation
4-6 times after bud break or primordium initiation in dry season was found suitable for coconut
production. Number of fruit per plant from integrated technology and farmer’s practices were
135.3 and 54.7, respectively. Net profit was recorded 3609/- in integrated technology and
1108/- in farmers practice. Integrated management technology has been selected for field
validation by On Farm Research Division (OFRD), BARL

Field day on application of fertilizer and irrigation was held at RARS, Rahmatpur,

Barishal and Field days on Integrated Management of coconut were held at RARS, Rahmatpur,
Barishal and Fruit Research Farm Joydebpur, Gazipur.
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A technology was generated on “Application of fertilizer in coconut by Pomology
Division. At the same time, Technology Fact Sheet on “Application of Fertilizer in Coconut”
was prepared by Pomology Component.

The results revealed that management package comprising sanitation, applying
recommended doses of fertilizers and alternate spraying of Vertimec 018 EC and Intrepid 10SC
offered the highest reduction (87.39%) of mite infestation over control. Through the project
activities, invasive insect roguse spiraling whitefly was first recorded in Bangladesh. Population
dynamics and management approaches of rugose spiraling whitefly (RSW) infesting coconut
was studied at RARS, Barishal and RARS, Jashore. Population of rugose spiraling whitefly was
quite high during September and it peaked during mid November, then it started to decline upto
January. From the several studies on management options against RSW, a technology for
managing the pest was developed. It was recommended that sanitation along with rotation
spraying of chemical insecticide acetamiprid (Tundra 20SP) @ 1g/1 of water and bio-pesticide
Bioclean or Fizimite @ 1ml/l of water at 15 days interval revealed satisfactory control of RSW
in coconut.

Field experiments were conducted to find out the effective disease management package
against grey leaf spot and bud rot. During two years of experimentation, several cultural,
biological, chemical and integrated approaches were applied to control the diseases. The lowest
grey leaf spot incidence was recorded in plants treated with Autostin (Carbendazim) followed
by sanitation (two times). Though coconut is a tree plant and it takes long time to get the
response of treatments, we generated a technology for the management of grey leaf spot and
bud rot diseases. Shortly, the integrated management package developed by Plant Pathology
Component is: Sanitation (two times, one at May and another at October) + two times spraying
of Autostin (Carbendazim) @ 2 g/l water at the plant canopy at 15 days interval to control grey
leaf spot + spraying of Secure (Fenamidon + Mancozeb) @ 2 g/l water at the crown of tree 2
times at 15 days interval to control bud rot disease. Fungicides should be sprayed after
sanitation as a preventive measure. The developed technology is selected for field validation
and will be validated by On-Farm Research Division (OFRD), BARI. We believe that if the
technology could be used accurately and timely at the farmers’ field, the incidence and severity
of coconut grey leaf spot and bud rot disease will be reduced, production will be increased and
farmers will be benefited.

Integrated management practices with best treatments of Pomology, Entomology and
Plant Pathology components on coconut were tested at Joydebpur and Rahmatpur. Field day on
Fertilizer and Irrigation Management and Integrated Management Practices on coconut was
held at Fruit Research Farm, Joydebpur, Gazipur and Rahmatpur, Barishal.

Integrated management technology has been selected for field validation and will be
validated by On Farm Research Division (OFRD), BARI.

Under component SSURDA, eight field days on coconut management technologies were
also arranged in the project areas (three in Jashore, four in Barishal and one in Gazipur), where
around 360 farmers participated. Two field validation studies were done in the farmers’ field of
Kestopara, Jashore and Rahmatpur, Barishal. Different project activities were published in local
and national newspapers.

Key words: Fertilizer, Coconut mite, rugose spiraling white fly, Bud rot, Grey leaf spot, ICM
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Executive Summary

NATP Phase 2 has funded the subproject “Development of Integrated Crop Management
Technologies for Higher Production of Coconut in Bangladesh”. The sub-project was started in
June 2018 and implemented by four components (Pomology Division, Horticulture Research
Center, BARI conducted research on fertilizer and irrigation; Entomology Division, BARI
conducted research on insect management; Plant Pathology Division, BARI conducted research on
management of major diseases; and SSURDA validated technologies developed by different
components.)

Prior to start the experiments, base line survey on the management practices like application
of fertilizer, irrigation and growth regulators; insect and mite pest problems and the management
options followed by farmers and major diseases of coconut had been done in all the target locations
viz. Barishal, Patuakhali, Jashore, Satkhira, Chuadanga, Kushtia, Meherpur and Gazipur in 2018-
19. From the surveyed report, it was observed that minimum respondent farmers (24.3%) in
Patuakhali and Satkhira and maximum respondent farmers (44.3%) in Gazipur applied fertilizers
for their coconut trees. Farmers were reported to apply generally fertilizer per plant per year
amounting Urea-500 g, MoP-500 g and Cowdung 20.0 Kg. Application of irrigation differed from
7.6 to 32.4%. Use of growth regulators was negligible.

Coconut eriophyid mite, Rhinoceros beetle and Red palm weevil were found to attack
coconut tree in the studied locations. It was revealed that coconut eriophyid mite was predominant
pest followed by Rhinoceros beetle and Red palm weevil. From the efficacy study of pheromone
traps against red palm weevil, it was observed that pheromone trapping could be an effective tool in
IPM program against this pest.

During the survey program at Gazipur, Jashore, Shatkhira, Barishal, Chuadunga and
Meherpur districts, four diseases (grey leaf spot, bud rot, root wilt and stem bleeding) were
identified. Among the four diseases, incidence of grey leaf spot caused by Pestalotia palmarum and
bud rot disease caused by Phytophthora palmivora were high in all the surveyed areas. The highest
incidence of grey leaf spot was observed in Barishal (75%). The incidences of bud rot, stem
bleeding and root wilt were recorded to be 5%, 1% and 1.67%, respectively at Jashore.

Experiments on fertilizer and irrigation were conducted by Pomology Division of
Horticulture Research Centre, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur and
RARS, Rahmatpur, Barishal during June 2019 to May 2020. The number of female flower, number
of fruit set, fruit weight, fruit yield and amount of green coconut water increased significantly when
fertilizers were applied at the rate of N: 675 g/plant (Urea-1465 g/plant) , P: 150 g/plant (TSP-750
g/plant), K: 1500 g/plant (MoP-3000 g/plant), S: 93 g/plant (Gypsum-581 g/plant), Zn: 32 g/plant
(ZnS04--90 g/plant), B:7.5 g/plant (Boric acid-44 g/plant) and cowdung: 20 kg/plant). The highest
water content in green coconut was found in above mentioned treatment (1004 ml) and the lowest
water content was recorded in native soil (580 ml). Irrigation 4-6 times after bud break or
primordium initiation in dry season was found suitable for coconut production. Number of fruits per
plant from integrated technology and farmer’s practices were 135.3 and 54.7, respectively. Net
profit was recorded 3609/- in integrated technology and 1108/- in farmers practice. Integrated
management technology has been selected for field validation by On Farm Research Division
(OFRD), BARI.

Field day on application of fertilizer and irrigation was held at RARS, Rahmatpur, Barishal
and Field days on Integrated Management of coconut were held at RARS, Rahmatpur, Barishal and
Fruit Research Farm Joydebpur, Gazipur.



A technology was generated on “Application of fertilizer in coconut by Pomology Division.
At the same time, Technology Fact Sheet on “Application of Fertilizer in Coconut ” was prepared
by Pomology Component.

The results revealed that management package comprising sanitation, applying
recommended doses of fertilizers and alternate spraying of Vertimec 018 EC and Intrepid 10SC
offered the highest reduction (87.39%) of mite infestation over control. Through the project
activities, invasive insect roguse spiraling whitefly was first recorded in Bangladesh. Population
dynamics and management approaches of rugose spiraling whitefly (RSW) infesting coconut was
studied at RARS, Barishal and RARS, Jashore. Population of rugose spiraling whitefly was quite
high during September and it peaked during mid November, then it started to decline upto January.
From the several studies on management options against RSW, a technology for managing the pest
was developed. It was recommended that sanitation along with rotation spraying of chemical
insecticide acetamiprid (Tundra 20SP) @ 1g/1 of water and bio-pesticide Bioclean or Fizimite @
Iml/l of water at 15 days interval revealed satisfactory control of RSW in coconut.

Field experiments were conducted to find out the effective disease management package
against grey leaf spot and bud rot. During two years of experimentation, several cultural, biological,
chemical and integrated approaches were applied to control the diseases. The lowest grey leaf spot
incidence was recorded in plants treated with Autostin (Carbendazim) followed by sanitation (two
times). Though coconut is a tree plant and it takes long time to get the response of treatments, we
generated a technology for the management of grey leaf spot and bud rot diseases. Shortly, the
integrated management package developed by Plant Pathology Component is: Sanitation (two
times, one at May and another at October) + two times spraying of Autostin (Carbendazim) @ 2 g/l
water at the plant canopy at 15 days interval to control grey leaf spot + spraying of Secure
(Fenamidon + Mancozeb) @ 2 g/l water at the crown of tree 2 times at 15 days interval to control
bud rot disease. Fungicides should be sprayed after sanitation as a preventive measure. The
developed technology is selected for field validation and will be validated by On-Farm Research
Division (OFRD), BARI. We believe that if the technology could be used accurately and timely at
the farmers’ field, the incidence and severity of coconut grey leaf spot and bud rot disease will be
reduced, production will be increased and farmers will be benefited.

Integrated management practices with best treatments of Pomology, Entomology and Plant
Pathology components on coconut were tested at Joydebpur and Rahmatpur. Field day on Fertilizer
and Irrigation Management and Integrated Management Practices on coconut was held at Fruit
Research Farm, Joydebpur, Gazipur and Rahmatpur, Barishal.

Integrated management technology has been selected for field validation and will be
validated by On Farm Research Division (OFRD), BARI.

Under component SSURDA, eight field days on coconut management technologies were
also arranged in the project areas (three in Jashore, four in Barishal and one in Gazipur), where
around 360 farmers participated. Two field validation studies were done in the farmers’ field of
Kestopara, Jashore and Rahmatpur, Barishal. Different project activities were published in local and
national newspapers.

Key words: Fertilizer, Coconut mite, Rugose spiraling white fly, Bud rot, Grey leaf spot, ICM



PBRG Sub-project Completion Report (PCR)

A. Sub-project Description

1. Title of the PBRG sub-project: Development of Integrated Crop Management
Technologies for Higher Production of Coconut in Bangladesh

2. Implementing organization (s): Bangladesh Agricultural Research Institute and Society
for Sustainable Development for the Rural and Urban Area (SSURDA)

3. Name and full address with phone, cell and E-mail of Coordinator, Associate
Coordinator, PI/Co-PI (s):

Coordinator: Dr. Babul Chandra Sarker, Chief Scientific Officer, Pomology Division, HRC,
BARI, Gazipur. Mobile : + 8801716009319 and E-mail :bsarker 64(@yahoo.com

Principal Investigators:
Dr. Nirmal Kumar Dutta, Chief Scientific Officer, Entomology Division, BARI, Joydebpur,

Gazipur, Bangladesh, Mobile: 01794714560, E- mail: nkdutta83@yahoo.com

Dr. Md. Jillur Rahamn, Principal Scientific Officer, Pomology Division, HRC, BARI,
Joydebpur, Gazipur. Mobile: +8801715082555 and E-mail: jillurhrc@gmail.com

Dr. Md. Mynul Islam, Senior Scientific Officer, Plant Pathology Division, BARI, Joydebpur,
Gazipur, Bangladesh, Mobile: 01783 581022, E-mail: mynul bari@yahoo.com

Md. Nasir, Society for Sustainable Development for the Rural and Urban Area, House-20,
Block-C, Eastern Housing, Pallabi, Mirpur, Dhaka. Phone: 01723049599, E-
mail:mdnasir.bd1986@gmail.com

Co-Principal Investigators:
Dr. Kohinoor Begum, Principal Scientific Officer, Entomology Division, BARI, Joydebpur,
Gazipur, Bangladesh, Mobile: 01552450007, E mail: kohinoor.ento@gmail.com

Md. Rashedul Islam, Scientific Officer, Regional Agricultural Research Station, Rahmatpur,
Barishal. Mobile: +8801717808402 and E-mail: rashedhrc@gmail.com

4. Sub-project budget (Tk.):
4.1 Total: 1,30,00,000.00 (Tk. One crore thirty lacs only)
4.2 Latest Revised (if any): N/A

5. Duration of the sub-project:
5.1 Start date (based on LoA signed): 10" June 2018

5.2 End date: April 2022

6. Background of the sub-project: In Bangladesh coconut is considered as a crop of high
economic value for its diversified uses. However, the yield is about 21 nuts per year per tree
which is very low, compared to other coconut-growing countries. Among the coconut growing
countries of the world, Bangladesh ranked 19 in the case of areas, while production status
ranked 30 and yield 77 (FAOSTAT 2012). So, it is clear that the production and yield of
coconut in Bangladesh is very low. This poor yield is due to lack of high-yielding varieties,
inadequate nourishment and lack of technology for pests and diseases management. Coconut
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responds very well to judicious application of fertilizer and irrigation. With appropriate
management, coconut can be grown even in the poorest soils with soil drainage and aeration in
sub-soil (Malhotra et al., 2017). Nitrogen is important in promoting leaf growth and
development. Deficiencies in phosphorus retard palm growth and delay flowering. In
potassium deficient soils, potassium fertilizers have a positive effect on the number of
inflorescences, bunches, nuts per bunch and total nut production. Application of organic
material enhances the utilization of nutrients by plants and water retention ability of soil (Guar,
1994). Judicious application of fertilizers increases nut and copra yield by as much as 230%
and a coconut farmer can realize a net income of about 180% compared to without fertilization
(https://pca.gov.ph/pdf/cocoTech/fertilization/fertilizationGuideForCoconuts.pdf).In India,
supplementary irrigation during summer gives an increased yield of 31 nuts/palm in sandy
loam soils (Bhaskaran and Leela,1978). Therefore, appropriate nutrient management
technology is needed for the higher production of coconut. Recently coconut is seriously
suffered by coconut eriophyid mite, along with other insect pests, viz. red palm weevil and
rhinoceros beetle. Bud rot, grey leaf spot etc. are prevailing major disease problems, while
root wilt and leaf rot diseases may be the serious threats for its future production. In spite of
the importance of coconut in the national economy, due importance has not been paid for the
improvement of this crop. Recently steps has been taken to import high yielding varieties from
different countries like Vietnam and India but very few works have so far been done on
integrated nutrient, water and pest management. Southern and south-west part of Bangladesh
are suitable for coconut production. Due to shallow water level and favorable weather
condition, huge land area is under coconut cultivation. However, the production is not
satisfactory. Growers are not using recommended doses of fertilizers, and do not take any
control measures against major pests and diseases. Many countries of the world export
coconut. Though Bangladesh has potential to produce coconut, but due to lack of appropriate
ICM technologies and awareness of growers we are far behind from exporting coconut. The
aim of the project was to develop ICM technologies to increase productivity and create
awareness among the growers to use ICM technologies.

7. Sub-project general objective (s):

7.1 Development of integrated crop management packages on production and protection
aspects of coconut;

7.2 On-farm validation and up scaling of the developed ICM packages;

7.3 Awareness building of coconut growers and extension personnel on the developed
technologies.

8. Sub-project specific objectives (component wise):

8.1 Pomology: Development and expansion of integrated crop management packages on
production aspects of coconut.

8.2 Entomology: Development and expansion of integrated pest management packages to
manage insect and mite pests of coconut.

8.3 Plant Pathology: Development and expansion of integrated disease management
packages to manage different disease of coconut.

8.4 SSURDA: Field validation and awareness building of coconut growers and extension
personnel on the developed technologies.

9. Implementing location (s): Gazipur; RARS, Jashore; Patuakhali; Shatkhira;
Chuadanga; Kushtia and Meherpur



10. Methodology in brief
Coordinating Component: Pomology Division, HRC, BARI
Experiment 1. Base line survey on management practices of coconut

Base line survey on the management practices like fertilizer, irrigation and growth regulator
application on coconut had been done in all the target locations of Barishal, Patuakhali, Jashore,
Satkhira, Chuadanga, Kushtia, Meherpur and Gazipur during 2018-19 using a questionnaire
(Annexture-1).

Fig 1. Survey team at Barishal Fig 2. Unfruitfulness found at
Barishal, Survey, 2018

Two experiments on fertilizer and irrigation were conducted on BARI Narilkel-2 at
Pomology Division of Horticulture Research Centre, Bangladesh Agricultural Research Institute,
Joydebpur, Gazipur and Regional Agricultural Research Station, Rahmatpur, Barishal during 2019-
2020. BARI Narikel-2 is a high yielding variety. Fruit size is large and oval shaped. It is cultivated
throughout the country. Matured fruits are harvested after 11-12 months of flowering and green
coconut is harvested after 5-6 months.

Fig 3. BARI Narikel-2 from the treated plot



Experiment 2. Effect of fertilizer on flowering, fruit drop and yield of coconut

The experiment was carried out at the Fruit Research Farm, Pomology Division, Horticulture
Research Centre, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur and Regional
Agriculture Research Station, Rahmatpur, Barishal during 2019-2020. There were 5 fertilizer
treatments per plant viz., T1 (RD): NasoP100K1000S63Zn21Bs, T2 (RD + 25% more): Nss2 P12s Ki250 S79
Znz6 Be.2s5, T3 (RD+ 50% more): Ng7s P1so Kisoo So3 Zn32 B7.s, 14 (FP): 20 kg cowdung and Ts: Control
(Native soil). Fertilizers were mixed with soil of about 0.8 m area around the palm after 1.0 m and
light irrigation was dispensed. The experiment was laid out in Randomized Complete Block Design
(RCBD) with four replications. Age of tree at Joydebpur was 12-15 years and at Rahmatpur the age
was 30-35 years. Data on plant height, base girth, number of bunch, number of fruits per bunch,
total number of fruit set and green coconut water were recorded. Data were analyzed statistically as
per the standard method using R software and mean separation was done by DMRT.

M
F

Fig 4. Fertilizer application method (A), experimental field view of fertilizer at Joydebpur
(B) and Rahmatpur (C)

Experiment 3. Effect of irrigation on flowering and fruit drop in coconut

The experiment on “Effect of irrigation on flowering and fruit drop in coconut” was
conducted at Pomology Division, Horticulture Research Centre, Bangladesh Agricultural Research
Institute, Joydebpur, Gazipur and Regional Agriculture Research Station, Rahmatpur, Barishal
during 2019-20. Irrigation was applied at a rate of equivalent to about 2 mm/day or 100 1/day
following the basin method. Data on plant height, base girth, number of bunch, number of fruits
per bunch and total number of fruit set were recorded. Data were analyzed statistically as per the
standard method using R software and mean separation was done by DMRT.

Fig 5. Experimental field view of Fig 6. Experimental field view of
irrigation at Joydebpur irrigation at Rahmatpur



Experiment 4. Integrated management practices of best treatments of three components

Experiment on integrated management practices of best treatments of three components was
carried out at the Fruit Research Farm, Joydebpur, Gazipur and Regional Agriculture Research
Station, Rahmatpur, Barishal. Integrated management practices were

1. Sanitation (Cleaning 2 times at April/May and September/October, Removal of all the dead
palms, cleaning the crowns of the palm and any debris) + Nes75 P1so Kisoo So3 Zn32 B7s +
Cowdung @ 20 Kg/plant. NPK were applied in two installments, 50% at September/
October and the rest 50% at April/May. Gypsum, boron, Zn and cowdung were applied as
blanket dose at September/October. Irrigation was applied at 10 days interval after bud
break in the dry season.

2. Sanitation two times + Alternate spraying of Vertimec 18 EC @ 2 ml/I of water and Inteprid
10 EC @1.5 ml/litre of water. Three sprays were done in 2-6 months old nuts at 2 months
interval. Severely infested coconut leaves along with adults and nymphs of whitefly were
cut, removed and burned. Rotation spraying of chemical insecticide Acetamiprid (e.g.
Tundra 20SP, Platinum 20SP etc.) @ 1g/1 of water and biopesticide Fizimite or Bioclean @
Iml/l of water was done at 15 days interval and 2-3 sprays were required to obtain good
results.

3. Sanitation two times + Spraying of Autostin (Canbendazim) @ 2 g/l water two times at 15
days interval to control gray leaf spot + Secure @ 2 g/l water 2 times at 15 days interval to
control bud rot disease.

Integrated management practices were compared with the farmer’s practices. At Fruit
Research Farm, Joydebpur and Regional Agriculture Research Station, Rahmatpur, Barishal
number of coconut trees were 30 (15+15) for integrated management and 30 (15+15) for
farmer’s practices.

Fig 7. Experimental field view of integrated management practices at
Joydebpur (A) and Rahmatpur (B)
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Implementing Component-1: Entomology Division, BARI

Experiment 01: Baseline survey on the insect pest and mite problems in coconut in different
regions of Bangladesh

Field surveys were performed on the coconut growers in 8 locations viz. Barishal,
Patuakhali, Jashore, Satkhira, Chuadanga, Kushtia, Meherpur and Gazipur during 2018-2019 to
document insect and mite pest problems of coconut and the management options followed by
farmers. Three villages were randomly selected from each location. From each village 20 farmers
having 3 or more coconut trees were selected randomly. Those selected farmers were interviewed
with a pre-fixed questionnaire. In this study, farmers’ management options were surveyed under
three responses viz. sanitation or cleaning the crown, use of insecticides and no control option.
Farmers usually practice sanitation or clean the crown for good growth and productivity of coconut,
they don’t consider it as mean for controlling pests. But in this study, sanitation or cleaning the
crown practiced by farmers at least once a year was considered as a management option against
insect and mite pests of coconut.

Parameters assessed through questionnaires were expressed in percentages of responses
obtained. The farmers were acquainted with the purpose of the study and assurances of
confidentiality and anonymity were given to them.

Fig 2. Field survey at Barishal

Experiment 02. Efficacy of aggregation pheromone in trapping red palm weevil
(Rhynchophorus ferrugineus Olivier) infesting coconut palms

The study was conducted in the research field of BARI, Gazipur. Three sites were chosen to
be the field of study; each site had at least from 10 to 12 coconut trees with 5-20 m in height and
approximately 10-30 years old. In each site 3 traps were installed maintaining 25 m distance for a
trapping period from March 2019 till June 2019. Pheromone was not changed during the study
period. Each site was considered as one replication. Sevin (Carbaryl) @ 1 tea spoon /trap mixed in
cut pieces of tender coconut leaves were placed in the trap for the killing of attracted weevils. The
traps were placed in the soil near to the base of a coconut tree to protect the traps from extreme heat
for their continuous and long-term efficacy against the weevils. Captured weevils were collected
from each trap once a week and transferred to the laboratory where they were counted. Sum of the
numbers of caught weevils was gathered monthly for each trap and cumulatively throughout the
experimental period. Monthly variations of the red palm weevil abundance were recorded during
the experimental period.



Fig 3. Field view of the experiment Fig 4. Red palm weevil attracted to
pheromone traps

Experiment 03. Bio-rational based management of coconut eriophyid mite

Three field trials were conducted during 2019 and 2020 to develop bio-rational based
management options against coconut eriophyid mite (CEM). The first trial was conducted at BARI,
Gazipur during January — September 2019. Experiment was conducted in a randomized block
design with three replicates consisting of single palm each. The respective treatments were applied
on 2-6 months old nuts.

The treatments were assigned as follows:

T: Sanitation + four sprays of microbial pesticide Beauveria bassiana at 5g/liter of water

T»: Sanitation + four sprays of bio-pesticide Azadirachtin 1% (Biomax) @ 2 ml/liter of water.
Ts: Sanitation + four sprays of Abamectin 1.8 EC (Vertimec) at 1.2 ml/liter of water.

T4: Sanitation + four sprays of chemical miticide Chlorphenapyr 10SC (Intrepid) @ 1.0 ml/liter of water

Ts: Untreated control

Based on the findings of the above study two further field trials for developing management
package against coconut eriophyid mite was conducted in BARI, Gazipur (Trial 02) and RARS,
Jashore (Trial 3) during February 2020 - October 2020. The trials were laid out in RCBD with
three replicates consisting of single palm each.

The treatments of the two trials were assigned as follows:

T1: Sanitation (Cleaning the crown and removal of infested nuts) + Recommended doses of
fertilizers (RDF) + alternate spraying of Bio-acaricide K-mite (0.5% Matrine and plant oil) @ 2
ml/ litre of water and Intrepid 10SC (Chlorphenapyr) @ 1.5 ml/ litre of water

T2: Sanitation + RDF + alternate spraying of Bio-acaricide Fizimite (10% Sodium lauryl ether
sulphate) @ 2 ml/ litre of water and Intrepid 10SC (Chlorphenapyr) @ 1.5 ml/ litre of water

Ts: Sanitation + RDF + alternate spraying of Bio-acaricide Vertimec 018 EC (Abamectin ) @ 2 ml/
litre of water and Intrepid 10SC (Chlorphenapyr) @ 1.5 ml/ litre of water

T4: Sanitation + RDF + alternate spraying of Bio-acaricide K- mite (0.5% Matrine and plant oil) @
2 ml/ litre of water and Vertimec 018 EC (Abamectin ) @ 2 ml/ litre of water

Ts: Untreated control.
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Fig 7. Field Trial 02 at BARI, Gazipur Fig 8. Field Trial 03 at RARS, Jashore

Experiment 04. First record of the invasive rugose spiraling whitefly, Aleurodicus
rugioperculatus Martin (Hemiptera: Aleyrodidae) in Bangladesh and its status
as coconut pest

The infestation of rugose spiraling whitefly (RSW) was firstly observed on May, 2019 in the
RARS Farm, BARI, Jashore, on coconut trees. Subsequently, the whitefly population increased
greatly and spreads across the neighboring districts. Up to November 2019, RSW infestation was
observed infesting coconut trees in six more districts viz., Magura, Jhenaidah, Kushtia, Pabna,
Gopalganj and Faridpur. Probably by this time the pest has spread to more districts of the country.
As the occurrence of RSW was confirmed from different locations, the samples were collected from
infested coconut trees and brought to the IPM Laboratory, Division of Entomology, BARI for
further observations. Coconut leaves infested with immature stages and puparium were collected in
the polythene bags and adults were kept in 70% alcohol. Part of the collection of host plant
leaves/parts infested with immature stages and puparium were placed in rearing jar for the possible
emergence of parasitoids.

The pest status and population density of 4. rugioperculatus on coconut trees was assessed
from September to November 2019 in four upazilas of four districts viz, Jashore sadar, Jashore;
Magura sadar, Magura; Boalmari, Faridpur and Ishurdi, Pabna. To document the pest status, 60
plants were randomly selected in each location. Then total number of infested plants were counted
and % plant infestation was calculated. Again, for documenting the population density of RSW, 5
infested coconut trees were selected in each location. From, each infested coconut tree, 5 leaflets
were selected randomly and number of RSW puparium and nymphal population was recorded. The
pest population density has been presented as mean paparium or nymph population per leaflet per
infested plant.

Experiment 05. Management of rugose spiraling whitefly, Aleurodicus rugioperculatus
infesting coconut

The present investigation was carried out in two locations viz. Regional Agricultural Research
Station (RARS), BARI, Jashore and RARS, Rahmatpur, Barishal during December 2019-February
2020 and to develop a suitable management option against newly introduced invasive pest rugose
spiraling whitefly (RSW). Same methodology was followed in both the locations.Three chemical
insecticides and two bio-pesticides were tested in this study. Experiment was conducted in a
randomized block design with three replicates consisting of single palm each. There were six
treatments including control. Treatments were assigned as follows:

T1: Spraying of Pegasus 500 SC (Diafenthiuron) @ 1 ml/litre of water
T,: Spraying of Fytoclean (Potassium salt of fatty acid) @ 5 ml/litre of water
Ts: Spraying of Bioclean (D- lemonene) @ 1ml/litre of water
T4: Spraying of Tundra 50 SP (Acetamiprid) @ 1 g /litre of water
Ts: Spraying of Admire 200 SL (Imidacloprid) @ 0.5 /litre of water
Te: Untreated control.
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Two sprays of each insecticide were done using high volume foot pump sprayer. Nymph and
adult whitefly population on coconut leaflets were counted at 1 day before spraying and 7 days after
spraying. Recorded data subjected to proper analysis and means were separated by DMRT and
Tukey test for Jashore and Barishal, respectively.

)

Fig 9. Field view of experiment at RARS, Jashore  Fig 10. Field view of experiment at RARS, Jashore

Experiment 06. Population dynamics and management of rugose spiraling whitefly,
Aleurodicus rugioperculatus Martin infesting coconut

Population abundance: To know the seasonal abundance of rugose spiraling whitefly (RSW)
population, coconut leaflet were collected on ramdomly 10 coconut palm at weekly interval during
September/2020 to June/2021 at RARS, Rahmatpur Barishal.

Management study: The present studies were carried out at the Regional Agricultural Research

Station, Rahmatpur, Barishal (90°17 E, 22°78" N) during September 2020 to June 2021 to develop a

suitable management option against newly introduced invasive pest rugose spiraling whitefly

(RSW). The selected coconut trees were in the age group of 6 years reaching 8-12 feet height

(dwarf variety). Experiment was conducted in a randomized block design with three replicates

consisting of single palm each. There were six treatments including control. Treatments were

assigned as follows:

T1: Spraying of Tundra 50 SP (Acetamiprid) @ 1 g /litre of water

Ta: Spraying of Bio-clean (D- Limonene 5% SL) @ 1 ml/L of water

Ts: Spraying of Biotrin (Matrine 0.5%) @ 1.5 ml/L of water

T4: Rotation spraying of Tundra 50 SP (Acetamiprid) @ 1 g /litre of water and Bioclean
(D-limonene) @ 1ml/litre of water

Ts: Rotation spraying of Tundra 50 SP (Acetamiprid) @ 1 g /litre of water and Biotrin (Matrine
0.5%) @ 1.5 ml/litre of water

Te= Untreated control.

Two sprays of each pesticide were done in each month at 7 days interval using high volume
power sprayer. Nymph, pupa and adult whitefly population on coconut leaflets were counted at 1
day before spraying and 7 days after spraying in each month. Three month average data were made
into population per leaflet. The experimental data were analyzed by SAS software. The mean
number of whitefly/leaflet data were subjected to square root transformation before the analysis of
variance (ANOVA) and means were sepapred by tukey’s HSD Post Hoc tests (SAS Institute, 2012).

Fig 11. Field view of the experiment
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Implementing Component-2: Plant Pathology Division, BARI

To know the current status of coconut disease, a pre-designed questionnaire (Annexture-1)
was prepared. There are many diseases of coconut recorded in Bangladesh earlier. However,
during the survey program conducted in major coconut growing areas (Barishal, Jashore,
Patuakhali, Shatkharia, Kushtia, Chuadanga and Meherpur), it was revealed that grey leaf spot and
bud rot disease are the most severe diseases in coconut. The survey program was conducted at two
villages from each district and 30 growers from each village.

Fig 1. Survey at Jashore - Fig 2. Survey at Barishal

During the survey program it was identified that two diseases of coconut viz. grey leaf spot
caused by Pestalotia palmarum and bud rot caused by Phytophthora palmivora were prominent at
all the surveyed areas (Figure 7).

Fig 3. Coconut grey leaf spot disease. A. Disease symptom on leaf.
B. Pestalotia palmarum on Potato Dextrose Agar medium.
C. Conidia of P. palmarum
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To control these diseases (grey leaf spot and bud rot), experiments were set (2" year) at
Joydebpur, Gazipur and RARS Rahmatpur, Barishal applying the following treatments:

T1: Sanitation at May and October (removal of all the dead palms, cleaning the crowns of the palm
and any debris, provide adequate drainage)

T2: Application of biocontrol agents @ 200 g/plant at 2 months interval (first dose in the soil and
later doses on leaf axil)

Ts: Application of nutrients {Urea-1kg, TSP -2.5 kg/plant, MP -1 kg/plant (Half during monsoon
and half during December), Cupric sulphate -300 g/plant, Manganese Sulphate -300 g/plant,
Zinc Sulphate -300 g/plant, Sodium Borate -300 g/plant, Ferrous Sulphate -200 g/plant,
Sodium Chloride -1kg/plant, Lime -1kg/plant, Ammonium Molibdata 50 g/plant). (1/2 in soil,
Y4 during monsoon, and "2 at November)}. Preparation of nutrients paste: 150 g Cupric
Sulphate, 105 g Zinc Sulphate, 1 kg lime, 1 kg Sodium Chloride were mixed together with
water to form a paste. The paste was kept overnight at 30° C and was applied at root zone. The
remaining nutrients was added and mixed thoroughly in the soil. Soil around the palm was
removed upto root zone in a radius of 1.2 m. All externally visible rotten roots were cut and
removed.

T4: Application of phenolic compounds (Gallic Acid - 200 ppm/plant, Coumarin -200 ppm/plant,
Caffeic acid -200 ppm/plant, Ascorbic acid -400 ppm/plant). Spraying and inject at 2 months
interval

Ts: Chemical fungicides (Autostin 2g/L water atl5 days interval and Secure @ 2g/L water at 15
days interval)

Te: Untreated control

Sanitation at May and October (removal of all the dead palms, cleaning the crowns of the palm
and any debris, provide adequate drainage) along with spraying of Autostin (carbendazim) @ 2 g/L
at 15 days interval and Secure (Fenamidon + Mancozeb) @ 2 g/L 2 times at 15 days interval was
applied along with other intercultural operations (irrigation and balanced fertilizers).

At the end of 2" year, the best treatments (sanitation + fungicide spray) were combined and
experiments were set at Joydebpur and RARS, Rahmatpur. Pair plot technique was used where Ti:
Sanitation at May and October (removal of all the dead palms, cleaning the crowns of the palm and
any debris, provide adequate drainage) along with spraying of Autostin (carbendazim) @ 2 g/l at
15 days interval and Secure (Fenamidon + Mancozeb) @ 2 g/l 2-3 times at 15 days interval was
applied along with other intercultural operations; T2: No treatment (Farmers practice).

Fig 4. Experimental field at BARI, Gazipur
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Fig 5. Experimental field at Gazipur Gazipur
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Fig 6. Experiment Field at RARS Rahmatpur Barishal

Disease incidence was calculated using percent data. Three coconut plants were treated in each
treatment. Three replications of each treatment were maintained. Disease severity was recorded
using 0-5 scale described by Fagan and Goes (1999, where 0: No visible symptoms, 1: 1-5% leaf
area diseased, 2: 5.1-12% leaf area diseased, 3: 12.1-25% leaf area diseased, 4: 25.1-50% leaf area
diseased and 5: >50% leaf area diseased.
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Implementing Component-3 : SSURDA

Methodology in brief (with appropriate pictures): The main objective and responsibilities of
SSURDA component of the project are to validation and demonstration of crop management
technologies developed by Pomology Component for balance nutrient management, Entomology
Component for the management of invasive insect and Pathology Component for the management
of major diseases. Best treatment of each component was incorporated in validated demonstrations
at farmers fields (four locations). Hence, this project was undertaken owing to develop and validate
integrated crop management technologies. The crop management packages applied in the
demonstration plots are:

a)

b)

d)

Fig 2. Coconut disease at farmers

Sanitation: Severely infested coconut leaves along with adults and nymphs of white fly
should be cut, removed and burned.

Fertilizer should be applied at the rate of N: 562-675 g/plant (urea-1220-1465 g/plant) P:
125-150 g/plant (TSP-625-750 g/plant), K: 1250-1500 g/plant (MoP-2500-3000
g/plant), S: 79-93 g/plant (gypsum-494-581 g/plant), Zn: 26-32 g/plant (ZnSo04.74-90
g/plant), B: 6.25-7.5 g/plant (boric acid-36-44 g/plant) and cowdung-20 kg/plant in the
plants of 15 years old and above. Fifty per cent of NPK has to be applied in the month of
September/October and rest 50% of NPK should be applied in April/May. Gypsum,
boron, zinc and cowdung are to be applied as blanket dose in September/October.
Before using fertilizer, sanitation i.e., cleaning 2 times at Apri/May and
September/October has to be performed.

Rotation spraying of chemical insecticide Acetamiprid (e.g. Tundra 20SP, Platinum
20SP etc.) @ 1g/1 of water and biopesticide Fizimite or Bioclean @ of 1ml/l of water at
15 days interval. Usually, 2-3 sprays are required to obtain good results.

Spraying of Autostin (canbendazim) @ 2 g/l water two times at 15 days interval to
control gray leaf spot + Secure (Fenamidon + Mancozeb) @ 2 g/l water 2 times at 15
days interval to control bud rot disease

field of Satkhira s Fig 3. Farmers field at Satkhira



11. Results and Discussion
Coordinating Component : Pomology Division, HRC, BARI

Experiment 1. Base line survey on management practices of coconut

Base line survey on the management practices like application of fertilizer, irrigation and
growth regulators on coconut was carried out in all the target locations viz. Barishal, Patuakhali,
Jashore, Satkhira, Chuadanga, Kushtia, Meherpur and Gazipur during 2018-19. From the surveyed
report, it was observed that minimum respondent farmers (24.3%) in Patuakhali and Satkhira and
maximum respondent farmers (44.3%) in Gazipur applied fertilizers for their coconut trees (Table
1). Farmers were reported to apply generally fertilizer per plant per year amounting urea-500 g,
MoP-500 g and cowdung 20.0 kg. Application of irrigation in respondent farmers differed from
7.6 to 32.4%. Use of growth regulators was negligible.

Table 1. Per cent respondent on management practices in different locations (Base line survey)

Locations Per cent respondent on management practices
Fertilizer | Irrigation | Growth regulator
Barishal 26.4 8.0 1.2
Patuakhali 24.3 7.8 1.2
Jashore 314 11.7 2.2
Chuadanga 26.5 8.2 1.8
Shatkhira 243 7.6 1.4
Meherpur 29.0 10.2 2.0
Kushtia 31.5 11.2 2.5
Gazipur 44.3 324 11.2

Experiment 2. Effect of fertilizer on flowering, fruit drop and yield of coconut

At Joydebpur : Effect of fertilizer on plant height, base girth, number of bunch, number of female
flower per bunch and average number of fruit set been presented in Table 2 and Plate 8. Plant
height differed significantly among the treatments. The highest plant height was observed in T3
(6.86 m) followed by T2 (6.48 m) and T (6.35 m). The lowest plant height was recorded in control
treatment (6.04 m). Initial number of female flower per bunch and finally fruit set were recorded.
The highest number of initial female flower was observed in T3 (18.4) and the lowest number of
female flowers was obtained from Ts (10.3). Fruit set differed significantly among the different
treatments. The highest number of fruits per bunch was noticed in T3 (12.4) followed by T> (11.8)
and T (10.2). The lowest number of fruit set per bunch was recorded in Tj i.e., control (7.3).

The number of female flower, number of fruit set, fruit weight, fruit yield and green coconut
water increased when fertilizers were applied at the rate of N: 675 g/plant (Urea-1465 g/plant) , P:
150 g/plant (TSP-750 g/plant), K: 1500 g/plant (MoP-3000 g/plant), S: 93 g/plant (Gypsum-581
g/plant), Zn: 32 g/plant (ZnSo04.-90 g/plant), B:7.5 g/plant (Boric acid-44 g/plant) and cowdung: 20
kg/plant (Table 3). Number of fruits per plant differed significantly among the treatments. The
highest number of fruits was observed in T3 (156.2) and the lowest in Ts (56.9). Fruit weight and
water content in green coconut have been presented in Table 3. The highest water content was
found in T3 (1004 ml) followed by T> (950 ml) and T (880 ml). The lowest water content in green
coconut was observed in Ts (580 ml).
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Table 2. Effect of fertilizer on plant growth, number of bunch, number of female flower and
number of fruit set at Joydebpur

Treatment Plant Base | Number | Average number Average
height | girth | of bunch | ofinitial female | number of fruit
(m) (m) Per plant | flower per bunch | set per bunch
Ti (RD) : 6.35¢ 1.22a 9.5¢c 16.3b 10.2b
NasoP100K1000S63Zn21Bs
T2 (RD + 25% more) : 6.48b 1.24a 10.4b 17.6ab 11.8ab
Nis62P125K1250S79Z1n26B6.25
T3(RD+ 50% more) : 6.86a 1.26a 12.6a 18.4a 12.4a
Ne75P150K1500S93Zn32B7.5
T4(FP): 20 kg cowdung ~ 6.23cd  1.18b 8.4d 12.7¢ 7.6¢
Ts: Control (Native soil)  6.04d 1.14b 7.8d 10.3d 7.3¢
CV (%) 8.4 9.2 10.7 12.6 11.8

Similar letter (s) in a column do not differ significantly at 0.05 level

Table 3. Effect of fertilizer on number of fruits per plant, fruit weight and fruit yield at

Joydebpur
Treatment Number of | Fruit weight | Fruit yield per | Green coconut
nuts/ plant (Kg) plant (Kg) water (ml)
Ti (RD) : 96.9¢ 4.20c 406.9¢ 880c¢
Nas0P100K1000S63Z121B5
T2 (RD + 25% more) : 122.7b 4.80b 589.0b 950b
Nis62P 125K 1250S79Zn26B6.25
T3(RD+ 50% more) : 136.2a 5.40a 843.4a 1004a
Ne75P150K1500S93Zn32B7.5
T4 (FP): 20 kg cowdung 63.8d 3.80d 242.4d 700d
Ts : Control (Native soil) 56.9¢ 3.20e 182.0e 580e
CV (%) 10.3 9.2 13.4 11.5

Similar letter (s) in a column do not differ significantly at 0.05 level
At Rahmatpur

Data on plant height, base girth, number of leaves/plant, number of fruits/bunch and number
of nuts /plant have been presented in Table 4. There were no significant differences in the plant
height and base girth of the experimental coconut tree. Significant difference was observed in the
number of leaves per plant. The highest number of leaves per plant was found in treatment T> (30.3)
and the lowest number of leaves in Ts (23.6). Number of bunch per plant differed significantly. The
highest number of bunch per plant was reported in the treatment T3 (9.93) and the lowest number of
bunch recorded was in T4 (7.31). The length of spadix differed significantly among the treatments.
The highest spadix length was exhibited in T3 (95.9 cm) and the lowest spadix length was noted in
Ts (70.9cm). The highest number of fruit per bunch was observed in T3 (10.8) followed by T2 (10.5)
and the lowest number of fruit per bunch was observed in Ts (6.7). There was a significant
difference in the number of nuts per plant. The highest number of nuts per plant was noticed in T3
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(107.3) followed by T> (99.0), but they were statistically at par. The lowest number of nuts per plant
was recorded in Ts.

Table 4. Effect of fertilizer on plant growth and yield contributing characters of coconut at
RARS, Rahmatpur, Barishal

Treatment | Plant | Base | No. of No. of Length of | Number of | Number

height | girth | leaves bunch/ spadix | fruit/bunch | of nuts/
(m) (m) plant (cm) plant

T 19.8 1.57 24.6bc 9.35a 78.6 8.1b 75.8b

T2 19.4 1.61 303a 942 80.1 10.5a 99.0a

T3 19.9 1.55 27.6ab 9.93a 95.9 10.8 a 107.3 a

T4 20.2 142 25.6bc 735D 76.8 7.08b 52.1¢c

Ts 18.4 1.55 23.6c 73la 70.9 6.7c 49.0 ¢

CV (%) 8.68 7.68 6.12 13.21 13.63 14.37 10.2

Similar letter (s) in a column do not differ significantly at 0.05 level

Fig 8. Female flower, fruits per bunch, individual fruit and inner part of green coconut
in the treatment N¢75P150K1500S93Zn32B7.5 + Cowdung @ 20 kg/plant

Fig 9. Fruits in farmer’s practices

Experiment 3. Effect of irrigation on flowering and fruit drop in coconut

At Joydebpur: Effect of irrigation on plant height, number of bunch, number of female flower and
number of fruit set at Joydebpur has been presented in Table 4. Average number of fruit set per
bunch was affected by irrigation. The highest number of bunch per tree was found in T3 (10.8)
followed by T2 (10.7), but they were statistically at par. At the same time, the number of female
flower differed significantly among the treatments. The highest number of female flower was
recorded in T3 (17.6) followed by T2 (17.0). But T3 did not have significant difference with T».
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Total number of fruit set showed significant differences among the treatments. The highest number

of fruit set was exhibited in T3 (142.1) and the lowest number of fruit (63.0) set was exhibited in T4

i.e. untreated control.

Table 5. Effect of irrigation on plant growth, number of bunch, number of female flower and
number of fruit set at Joydebpur

Treatment Plant Base Number of Number of Number | Number
height girth bunch initial female of fruit of fruit
(m) (m) Per plant flower per set per set per
bunch bunch plant
Ti: Two irrigations atan ~ 10.1b 1.28a 10.2b 15.5b 11.3b 115.3¢c
interval of 10 days
starting from bud break
or primordium initiation
Ta:Four irrigations atan ~ 10.5a 1.31a 10.7a 17.0ab 12.4ab 133.0b
interval of 10 days
starting from bud break
or primordium initiation
T;:Six irrigations at an 10.4a 1.32a 10.8a 17.6a 13.2a 142.1a
interval of 10 days
starting from bud break
or primordium initiation
T4: Untreated (Control) 10.0b  1.20b 7.5¢ 11.8¢c 8.4c 63.0d
CV (%) 10.3 9.8 12.4 10.2 11.3 13.3

Similar letter (s) in a column do not differ significantly at 0.05 level

At Rahmatpur : Effect of irrigation on plant height, base girth, number of bunch per plant, number
of initial female flower, number of fruit set per bunch and per plant at Rahmatpur was presented in
Table 4. Average number of fruit set per bunch was affected by irrigation. The highest number of
bunch per tree was found in T3 (14.8) followed by T2 (14.2). But they were statistically at par. At
the same time, the number of female flower differed significantly among the treatments. The
highest number of female flower per bunch was recorded in T3 (15.7) followed by T2 (15.0). But Ts
failed to produce significant difference with T>. The total number of fruit set showed significant
different among the treatments. The highest number of fruit set was exhibited in T3 (155.4) and the
lowest number of fruit set was exhibited in T4 1i.e. untreated control (92.4).

Table 6. Effect of irrigation on plant growth, number of bunch, number of female flower and
number of fruit set at Rahmatpur

Treatment Plant Base Number of | Number of | Number | Number
height girth bunch initial female | of fruit of fruit
(m) (m) per plant flower per set per set per
bunch bunch plant
Ti: Two irrigations at an 19.3 1.48 13.4b 12.2b 8.4b 112.6¢
interval of 10 days
starting from bud break
or primordium initiation
T2:Four irrigations at an 20.6 1.51 14.2a 15.0ab 9.6ab 136.3b
interval of 10 days
starting from bud break
or primordium initiation
T;:Six irrigations at an 20.7 1.52 14.8a 15.7a 10.5a 155.4a

interval of 10 days
starting from bud break
or primordium initiation
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T4: Untreated (Control) 20.3 1.45 10.5¢ 10.4c 8.8¢c 92.4d

CV (%) 11.5 10.2 14.6 12.0 14.8 10.2

Similar letter (s) in a column do not differ significantly at 0.05 level

Experiment 4. Integrated crop management package on production and protection of coconut
Number of fruits per plant and profit analysis were presented in Table 6. Number of fruits per plant
were obtained from integrated technology (Plate-10) and farmer’s practices werel35.3 and 54.7,
respectively. Net profit was recorded to be 3609/- in integrated technology and 1108/- in farmer’s
practice.

Fig 10. Fruits in integrated treatment, at Joydebpur (A) and Rahmatpur (B)

Table 7. Profit analysis of integrated technology in 2021

Integrated technology Number of | Price of green Total Total Net | BCR

fruits/plant coconut price cost | profit
T,: Urea-1465 g, TSP-750 g,  135.3 40/- 5412/- 1803/-  3609/- 2.00
MoP-3000 g, Gypsum-581 g,
ZnSo0,-90 g, Boric acid-44 g,
Cowdung-20 kg + treatments
for insect and diseases
FP ( Cowdung 20 kg/plant) 54.7 40/- 2188/- 1080/- 1108/- 1.02

Implementing Component-1: Entomology Division, BARI

Experiment 01. Benchmark survey on the insect pest and mite problems in coconut in
different regions of Bangladesh

As indicated in Table 1, coconut eriophyid mite, Rhinoceros beetle and Red palm weevil
were found to attack coconut tree in the studied locations. It was revealed that coconut eriophyid
mite was predominant pest followed by Rhinoceros beetle and Red palm weevil.

The highest mite infested tree (98.33%) was observed in Patuakhali and Jashore which
followed Barishal (96.67%) and Chuadanga (88.33%). The mite infestation was the lowest in
Meherpur (60.00%). The highest Rhinoceros beetle infested tree (68.33%) was observed in Jashore
which followed Meherpur (65.00%) and patuakhali (36.67). The Rhinoceros beetle infestation was
the lowest in Kushtia (5.00%). On the other hand, the highest red palm weevil infested tree (8.33%)
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was observed in Barishal which was followed by those of Patuakhali (6.67%) and Meherpur
(6.33%). The red palm weevil infestation was noted the lowest in Chuadanga (1.33%)).

As indicated in Table 2, in all the surveyed locations, more than 50% coconut grower didn’t
adopt any control measures against insect and mite pest. Use of insecticides was practiced by only
1.67-8.33 coconut growers. It was observed that, 30.00-48.33% farmers cleaned the crown at least
once a year, this practice no doubt was helpful in reducing pest attack, but most of the farmers
adopted this practice considering growth and productivity of the coconut tree.

Table 1. Location wise incidence of insect and mite pests of coconut

Location Percent tree infestationtSE
Mite | Rhinoceros beetle | Red palm weevil

Barishal 96.67+1.51 30.00+3.80 8.33+1.82
Patuakhali 98.33+£1.06 36.67+3.01 6.67+0.56
Jashore 98.33+1.41 68.33+£1.62 2.67£0.25
Chuadanga 88.33+£3.43 35.00+2.31 1.33+£0.12
Shatkhira 73.33+£3.21 11.67+1.34 2.33+0.68
Meherpur 60.00+£2.72 65.00+2.00 6.33+0.58
Kushtia 75.00+6.70 5.00+1.16 5.00+0.53
Gazipur 69.67+4.43 5.33+0.54 7.67£1.27

Table 2. Farmers’ management options on insect and mite pests of coconut

Location Respondent (%)
Sanitation (cleaning the Use of insecticide No control option
crown at least once a year)

Barishal 35.00 3.33 65.00
Patuakhali 30.00 5.00 66.67
Jashore 46.67 8.33 51.67
Chuadanga 43.33 3.33 56.67
Shatkhira 48.33 5.00 50.00
Meherpur 41.67 1.67 58.33
Kushtia 48.33 3.33 51.67
Gazipur 43.33 1.67 56.67

Results clearly indicated that in all the surveyed locations nut infesting eriophyid mite
emerged as the most damaging pest of coconut. Rhinoceros beetle and red palm weevil were found
as the potential threat in all the surveyed locations. It was evident from the investigations, that the
farmers experienced enormous economic loss due insect and mite pests. Most of them found it
difficult to spray insecticides to mitigate insect pests. Given the wide array of human health effects
from pesticide exposure, cultural control measures and application of bio-pesticides should be
encouraged, to avoid a build-up of insect and mite pests.

Experiment 02. Efficacy of aggregation pheromone in trapping red palm weevil
(Rhynchophorus ferrugineus Olivier) infesting coconut palms.

The results of the present study are shown in Fig. 1. It was revealed trap catch of adult Red
Palm Weevil (RPW) was the highest (6.89/ week) after one week of installation, which showed
gradual declining trend with the progress of time. After 4 weeks (23 March) trap catch was 4.67 per
week, while after 8 weeks the trap catch was 3.00 per week. After 11 weeks, trap catch was zero.
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From the study, it could be concluded that for good results, the pheromone lures need to be changed
after 8 weeks of installation in the field. Abdallah and AlKhatri, (2003), observed that RPW adults
emerged continually throughout the year. No trap catch after 11 weeks in this study could be
attributed to the reduction of trapping capacity of pheromone lures and also to the decline of RPW
population due to trapping. El- BoKl et al., (2015) Observed that trap catch of RPW per month on
date palms could be as high as 42.33. Pheromone trapping of red palm weevil an ecologically safe
and environmentally friendly tool in the IPM strategy currently adopted worldwide for red palm
weevil management in coconut palm plantations and one that can be implemented on large scale by
farmers on a collective basis.

g
—p— Mcan no. of
6 adults per trap

Q = N W b

- ~ [«

s 3 3 5 5 5 3 2 % 3
= = =2 =2 2 £ £ £ € 2 = = =
~ Poa) O ~ P (re) o > ~ s = oy <
Lo ~ ~ -4 ~ ~ - a4 4
Fig. 1 Weekly catch of Adult RPW per trap in coconut during

March -May 2019
Experiment 03. Bio-rational based management of Coconut Eriophyid Mite

The results of the trial 01 revealed that management package comprising of Sanitation
+four sprays of chemical miticide Chlorphenapyr 10SC (Intrepid) @ 1.0 ml/liter of water offered
highest reduction (86.66%) of mite infestation over control which was followed by Sanitation +four
sprays of Abamectin 1.8 EC (Vertimec) at 1.2 ml/liter of water (Table 01). Performance of
Beauveria bassiana and Azadirachtin 1% was not satisfactory.

Table 3. Effect of various treatments on mite infestation in coconut during 2019 at BARI,

Gazipur
Treatments Mean infested nut | Infestation reduction over
(%) control (%)

Sanitation + Beauveria bassiana 48.53¢ 37.67

Sanitation + Azadirachtin 1% 52.18b 32.99

Sanitation + Abamectin 1.8 EC 16.34d 79.02

Sanitation + Chlorphenapyr 10SC 10.39¢ 86.66

Untreated control 77.87a -

C.V. (%) 7.42 -

Means having same letter(s) in a column are not significantly different at P> 0.05 followed by LSD.

The results of the trial 02 revealed that management package comprising of Sanitation,
applying recommended doses of fertilizer and alternate spraying of Vertimec 018 EC and Intrepid
10SC offered highest reduction (87.39%) of mite infestation over control (Table 02). The
management package comprising of Sanitation + RDF+ Fizimite + Intrepid 10SC and Sanitation +
RDF+ K- mite + Intrepid 10SC was also found promising which offered 78.32% and 78.19%
reduction of mite infested nut over control, respectively.
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Table 4. Effect of various treatments on mite infestation in coconut at BARI, Gazipur during

2020
Treatments Mean infested Infestation
nut (%) reduction over

control (%)

Sanitation + RDF+ K- mite + Intrepid 10SC 16.85b 78.19

Sanitation + RDF+ Fizimite + Intrepid 10SC 16.75b 78.32

Sanitation + RDF+ Vertimec 18 EC + Intrepid 10SC 9.75¢ 87.39

Sanitation + RDF+ K- mite + Vertimec 018 EC 17.05b 71.45

Untreated control 72.25a -

C.V. (%) 9.05 -

The results of the trial 03 revealed that management package comprising of Sanitation,
applying recommended doses of fertilizer and alternate spraying of Vertimec 018 EC and Intrepid
10SC offered highest reduction (90.92%) of mite infestation over control (Table 03). The
management package comprising of Sanitation + RDF+ Fizimite + Intrepid 10SC and Sanitation +
RDF+ K- mite + Intrepid 10SC was also found promising which offered 79.07% and 79.74%
reduction of mite infested nut over control.

Table 5. Effect of various treatments on mite infestation in coconut at RARS, Jashore during

2020
Treatments Mean infested Infestation
nut (%) reduction over

control (%)

Sanitation + RDF+ K- mite + Intrepid 10SC 14.21c 79.74

Sanitation + RDF+ Fizimite + Intrepid 10SC 14.48c 79.07

Sanitation + RDF+ Vertimec 18 EC + Intrepid 10SC 6.28d 90.92

Sanitation + RDF+ K- mite + Vertimec 018 EC 20.42b 70.49

Untreated control 69.2a -

C.V. (%) 7.92 -

Experiment 04. First record of the invasive rugose spiraling whitefly, Aleurodicus
rugioperculatus Martin (Hemiptera: Aleyrodidae) in Bangladesh and its
status as coconut pest

Identification of this pest, damage symptoms, and all the stages of life cycle as observed
during the investigation are described below:

Identification of this pest

Identity of the pest species was confirmed as A. rugioperculatus based on the puparial
features following the descriptions given by Martin (2004) and Chandrika et al. 2017. Occurrence
of reticulated cuticle on dorsum, presence of compound pores in abdominal segments VII and VIII,
presence of corrugation on the surface of operculum and acute shape of the apex of lingula were
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described as unique features of A. rugioperculatus. The compound pores were distinct with dagger-
like process. The pest was further confirmed through DNA barcoding. Phylogenetic analysis
comparing with publicly available CO1 sequences from different country revealed that all the four
isolates were as A. rugioperculatus (Fig. 1).
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Fig. 2. Phylogenetic tree for COlgenes of Aleurodicus isolates. The bar represents sequence
divergence.

Symptoms of damage

The typical characteristics like eggs covered with wax were laid by females in a circular or
spiral fashion usually on the abaxial surface of leaves. Nymphs and adults were congregated on the
leaf surfaces and prolific feeding resulted in profuse honey dew excretion which subsequently get
deposited on the upper surface of the leaves which in turn became black due to the development of
sooty mold.

Life stages
All the stages of RSW as observed during the study are outlined below:

Egg stage

Eggs are smooth, elliptical, whitish to yellow, translucent and laid by the females on
underside of the leaves and fruits in spiral pattern which was covered with the waxy matter (Fig.
2A).

Nymphs

Rugose spiraling whitefly has 5 developmental stages. The first instar known as the crawler
stage (because it is the only mobile immature stage) hatches out of the egg, and looks for a suitable
place to begin feeding with its needle-like mouth parts and sucks plant sap. Crawlers molt into
immature stages that are immobile, oval and flat initially but become more convex with the
progression of its life cycle. During the survey nymphs were observed and they are light to golden
yellow in color in a concentrate manner fully covered with the waxy material and wax filaments are
thin which may become denser with progress of time (Fig. 2B).

Puparium

Puparia are covered with wooly wax with a group in the colonies under the leaves of the
coconut (Fig. 2C).The puparium of this species has a pair of small compound pores on each of
seventh and eighth abdominal segments, characteristically rugose/corrugated operculum, reticulated
dorsal cuticle and acute lingual apex which are easily distinguishable from related species
(Sundararajand Selvaraj 2017).

Adults
24



Adults are congregated covering the whole leaves and found to suck the sap under surface
of leaves/leaflets (Fig. 2E-F). They are larger in size, about three times as compared to commonly
found whiteflies. Honey dew excretion in large quantity resulted due to their feeding of the pest
under the surface of the leaves and premature leaves are dried because of heavy infestation. The
lack of photosynthesis process, symptoms like sooty mold are observed. Although taxonomic
identification is required for species confirmation, rugose spiraling whitefly adults can be
distinguished by their large size and the presence of a pair of irregular light brown bands across the
wings (Stocks and Hodges 2012).Males have long pincer-like structures at the end of their abdomen
(Fig. 2F).

E. Adult Habitus ( Female) F. Adult Habitus ( Male)

Fig 3 (A-F): Different life stages of Rugose Spiraling Whitefly
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Pest status on coconut

Fig. 3 indicated the percent coconut tree infestation by RSW in different locations which
ranged from 46.66-68.33%. The highest infestation was recorded from Magura sadar (68.33%)
followed by Jashore sadar (63.33%), while the lowest was recorded in Isurdi, Pabna (46.66%).
Elango et al. 2019, studied the intensity of damage by A. rugioperculatus on coconut in several
districts of Tamil Nadu, India. The rugose spiralling whitefly incidence was high in Coimbatore
(62.86%) district followed by Tiruppur (56.06%) and Erode (54.43%).The severity of infestation
ranged between 40-60 % on coconut in India (Rao et al. 2018). Kityo et al. 2017 reported up to
100% coconut tree infestation in different districts of Mozambique.

i B Seriesl,
B Seriesl,
Jashore Magura Seriesl
sadar, 68.33 ’
sadar, 63.33 Boalmari,
57.33 .
u Seriesl,

Ishurdi, 46.66

% tree infestation

Fig 3. Percent coconut tree infestation by Rugose Spiraling Whitefly in different locations

Population density of immature stages of Rugose Spiraling Whitefly in different locations
have been presented in Table 1. It was revealed that, nymph population of RSW leaflet! ranged
26.02 -27.72 across different locations, while puparium population of RSW leaflet™! ranged 33.12 -
33.64. Kityo et al. 2017 observed 25.7-26.8 pupa population of RSW coconut leaflet! in
Mozambique.

Table 6. Population density of immature stages (nymph and puparium) of Rugose Spiraling
Whitefly on coconut in different locations

Locations RSW population (immature stages) per leaflet per
infested plant (Mean+SE)
Nymph | Puparium
Jashore sadar 26.08+1.18 33.12+1.56
Magura sadar 26.32+1.88 34.6+0.84
Boalmari, Faridpur 26.24+2.25 33.64+1.40
Ishurdi, Pabna 27.72+ 143 33.442.02

Experiment 05. Management of rugose spiraling whitefly, Aleurodicus rugioperculatus
infesting coconut
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As indicated in Table 1, at 7 days after spray (DAS), the lowest mean nymph population
/leaflet (4.65) was noticed in Tundra 20 SP treated plots followed by Admire 200 SL treated plots
(5.47). The control treatment recorded the highest nymphal population /leaflet (19.30) at 7 DAS.
Among the chemical insecticides/ bio-pesticides tested, significantly the highest per cent reduction
of whitefly nymphal population over control was recorded in Tundra 50 SP (77.01%), followed by
Admire 200 SL (72.55%) and Bio-clean (62.89%).

As indicated in Table 2, at 7 days after spray (DAS), the lowest mean adult whitefly
population /leaflet (7.13) was noticed in Tundra 20 SP treated plots followed by Admire 200 SL
treated plots (8.13). The control treatment recorded the highest whitefly population /leaflet (25.66)
at 7 DAS. Among the chemical insecticides/ bio-pesticides tested, significantly the highest per cent
reduction of whitefly adult population over control was recorded in Tundra 50 SP (73.79%),
followed by Admire 200 SL (69.85%) and Bio-clean (60.00%). The bio-pesticide bio-clean could
be used in a well designed IPM program against Rugose Spiraling Whitefly infesting coconut.

Table 7. Effect of different treatments on the population reduction of RSW nymphs during
December 2019- February 2020 at RARS, Jashore

Treatments Mean RSW nymph Per cent reduction of RSW nymph
population/ leaflet population over pretreated at 7 DAS

1DBS | 7DAS

Pegasus 500 SC 20.56 9.09¢ 55.79
Fytoclean 20.50 11.51b 43.85
Bioclean 20.40 7.57d 62.89
Tundra 50 SP 20.23 4.65f 77.01
Admire 200 SL 19.93 5.47¢ 72.55
Untreated control 19.91 19.30a 3.06
(water spray only)

CV (%) 2.39 4.38 -

Means having same letter(s) in a column are not significantly different at P> 0.01 followed by DMRT.

Table 8. Effect of different treatments on the population reduction of RSW adults during
December 2019- February 2020 at RARS, Jashore

Treatments Mean RSW adult population/  Per cent reduction of RSW adult
leaflet population over pretreated at 7 DAS

1 DBS 7 DAS

Pegasus 500 SC 26.80 13.67b 48.99

Fytoclean 27.00 16.00 b 40.74

Bioclean 26.67 10.67c 60.00

Tundra 50 SP 27.20 7.13d 73.79

Admire 200 SL 26.53 8.13cd 69.85

Untreated control 26.87 25.66a 4.50

(water spray only)

CV (%) 4.93 11.65 -

Means having same letter(s) in a column are not significantly different at P> 0.01 followed by DMRT.

As indicated in Table 3, at 7 days after spray (DAS), the lowest mean nymph population
/leaflet (4.80) was noticed in Tundra 20 SP treated plots followed by Admire 200 SL treated plots
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(6.80). The control treatment recorded the highest nymphal population /leaflet (17.96) at 7 DAS.
Among the chemical insecticides/bio-pesticides tested, significantly the highest per cent reduction
of whitefly nymphal population over control was recorded in Tundra 50 SP (75.78%), followed by
Admire 200 SL (64.94%) and Bio-clean (60.60%).

As indicated in Table 4, at 7 days after spray (DAS), the lowest mean adult whitefly population
/leaflet (4.70) was noticed in Tundra 20 SP treated plots followed by Admire 200 SL treated plots
(7.23). The control treatment recorded the highest whitefly population /leaflet (18.78) at 7 DAS.
Among the chemical insecticides/ bio-pesticides tested, significantly the highest per cent reduction
of whitefly adult population over control was recorded in Tundra 50 SP (76.80%), followed by
Admire 200 SL (63.00%) and Bio-clean (58.74%).

Table 9. Effect of different treatments on the population reduction of RSW nymphs during
December 2019- February 2020 at RARS, Rahmatpur, Barishal

Treatments Mean RSW nymph Per cent reduction of RSW
population/ leaflet nymph population over

1DBS | TDAS pretreated at 7 DAS

Pegasus 500 SC 19.14 10.46 ¢ 45.21

Fytoclean 19.14 13.21b 31.02

Bioclean 19.28 7.57d 60.60

Tundra 50 SP 19.88 4.80e 75.78

Admire 200 SL 19.40 6.80d 64.94

Untreated control 19.13 17.96 a 6.08

(water spray only)

CV (%) 10.32 9.72 -

All means followed by same letters at each column were not significantly different among the treatments by Tukey test
(P <0.05).

Table 10. Effect of different treatments on the population reduction of RSW adults during
December 2019- February 2020 at RARS, Rahmatpur, Barishal

Treatments Mean RSW adult population/ Per cent reduction of RSW
leaflet adult population over

1 DBS 7 DAS pretreated at 7 DAS

Pegasus 500 SC 19.03 10.36 b 45.54

Fytoclean 18.05 11.76 b 34.92

Bioclean 18.58 7.68 ¢ 58.74

Tundra 50 SP 20.26 4.70d 76.80

Admire 200 SL 19.53 723 ¢ 63.00

Untreated control 19.60 18.78 a 4.16

(water spray only)

CV (%) 9.36 13.36 -

All means followed by same letters at each column were not significantly different among the treatments by Tukey test
(P <0.05).

Conclusion

Results of these two locations study clearly indicated that, although the chemical insecticide
Tundra 20 SP (acetamiprid) performed best, it is not advisable to spray repeatedly. The best
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performing bio-pesticide bioclean (D-limonene) can be used in rotation with Tundra 20 SP for
sustainable management of this pest.

Experiment 06. Population dynamics and management of rugose spiraling whitefly,
Aleurodicus rugioperculatus Martin infesting coconut

Population abundance: There was a seasonal variation of rugose spiraling whitefly (RSW)
attacking coconut in southern region of Bangladesh. rugose spiraling whitefly (RSW) population
was higher during September to November, then the trends were declined up to 1% week of March.
The population trend again increased from mid March to Mid May then it became lower in June
(Fig. 1). It was suggested that with the increasing temperature, pest population becoming higher but
in rainy season it became lower.

Management: The effect of different treatments on rugose spiraling whitefly (RSW) immature and
adult population are presented in Table 1-3. Before spraying there was no significant difference on
RSW population among the treatments, but spraying all the treatments reduced RSW population
compared to control. A chemical pesticide Tundra 50 SP (Acetamiprid) reduced 85.50% nymph,
83.75% pupae and 84.52% adult reduction over control treated palm. But, rotation spraying of
Tundra 50 SP (Acetamiprid) and Bioclean (D-limonene) similiarly reduced 83.21% nymph, 81.25%
pupae and 80.95% adult reduction over control. Another biopesticide Biotrin (Matrine 0.5%) did
not reduced rugose spiraling whitefly (RSW) population upto the mark.

From the present study it is concluded that a bio-pesticide Bio-clean (D- Limonene 5% SL)
and a chemical insecticide Tundra 50 SP (Acetamiprid) effectively reduced Rugose Spiraling
Whitefly population. Therefore, rotation spraying of Tundra 50 SP (Acetamiprid) and Bioclean (D-
limonene) can sustainable management option against Rugose Spiraling Whitefly infesting coconut.
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Fig. 4. Seasonal population density of rugose spiraling whitefly infesting coconut during 2020-21
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Table 11. Effect of different treatments on the population reduction of RSW nymphs during
September 2020- June 2021 at RARS, Rahmatpur, Barishal

Before After first spray After second spray
spray (7 days after first spray)
Treatments Mean | Per cent reduction | Mean | Per cent reduction
RSW of RSW nymph RSW of RSW nymph
nymph/ | population over | nymph/ | population over
leaflet control leaflet over control
Acetamiprid (Tundra 17.67a 4.00c 80.17 3.17¢ 85.50
50SP)
Bioclean (D- Limonene 16.67a  8.00b 60.33 4.50c 79.39
5% SL)
Biotrin (Matrine 0.5%) 16.67a 9.50b 52.89 6.83b 68.70
Acetamiprid 16.50a 4.17c 79.34 3.67c¢ 83.21
+ Bioclean
Acetamiprid 17.33a 3.83c 80.99 4.67 c 78.63
+ Biotrin
Untreated control 1733a 20.17a - 2183 a -

All means followed by same letters at each column were not significantly different among the tractments by

Tukey test (P < 0.05).

Table 12. Effect of different treatments on the population reduction of RSW pupae during
September 2020- June 2021 at RARS, Rahmatpur, Barishal

Before After first spray After second spray
spray (7 days after first spray)
Treatments Mean Per cent reduction Mean Per cent
RSW of RSW pupae RSW reduction of RSW
pupae / population over pupae/ | pupae population
leaflet control leaflet over over control
Acetamiprid (Tundra 2333a  5.33d 80.25 433d 83.75
50SP)
Bioclean 21.67a 9.83c 63.58 5.33d 80.00
(D- Limonene 5% SL)
Biotrin (Matrine 0.5%) 22.00a 13.17b 51.23 8.17b 69.38
Acetamiprid 2433a  4.83d 82.10 5.00 cd 81.25
+ Bioclean
Acetamiprid 23.67a  5.33d 80.25 6.00 c 77.50
+ Biotrin
Untreated control 2533a  27.00a 26.67 a

Note: All means followed by same letters at each column were not significantly different among the tractments by

Tukey test (P < 0.05).
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Table 13. Effect of different treatments on the population reduction of RSW adult during
September 2020- June 2021 at RARS, Rahmatpur, Barishal

Before After first spray After second spray
spray (7 days after first spray)
Treatments Mean Per cent Mean Per cent
RSW reduction of RSW | RSW | reduction of RSW
adult / adult population adult/ | adult population
leaflet over control leaflet over control
Acetamiprid (Tundra 1233a  3.17c¢ 81.19 217 ¢ 84.52
50SP)
Bioclean 10.67a  533b 68.32 2.83c 79.76
(D- Limonene 5% SL)
Biotrin (Matrine 0.5%) 11.67a  7.67b 54.46 4.83Db 65.48
Acetamiprid + Bioclean 12.33a  2.83 ¢ 83.17 2.67c 80.95
Acetamiprid + Biotrin 1433a 333c 80.20 333c¢ 76.19
Untreated control 13.67a 16.83 a 14.00 a

Note: All means followed by same letters at each column were not significantly different among the traetments by
Tukey test (P < 0.05).

Conclusion

Rotation spraying of Tundra 50 SP (Acetamiprid) and Bioclean (D- limonene) can be
sustainable management option against Rugose Spiraling Whitefly infesting coconut.

Implementing Component-2: Plant Pathology Division, BARI

a) Survey: During survey, grey leaf spot caused by Pestalotia palmarum, bud rot caused by
Phytophthora palmivora, stem bleeding caused by Thielaviopsis paradoxa and root wilt
disease caused by phytoplasma were identified in different coconut growing regions. The
highest (75%) grey leaf spot incidence was recorded in Barishal (Figure 7). The incidence of
bud rot, stem bleeding and wilt disease were very low in all the surveyed areas. In Jashore 5%
incidence of bud rot, 1% incidence of stem bleeding and 1.67% incidence of wilt disease were
recorded. In all the locations, none of the growers applied recommended doses of fertilizers
and follow any standard cultural management practices.

Incidence of different diseases of coconut

Incidence (%)
BN W D U N
O O O O O oo o o

Leaf blight Bud rot Stem bleeding Wilt

o

Mean percent plant infestation

Barishal M Patuakhali mJashore mChuadanga M Shatkhira mMeherpur B Kushtia

Fig. 7. Incidence of gray leaf spot, bud rot, stem bleeding and wilt
disease of coconut in seven districts of Bangladesh
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Gray Leaf spot Bud rot Treated plants (Two time sanitation + two times spray of
Autostin @2g/L water and Secure @2g/L water

Control

Fig. 8. Management of grey leaf spot and bud rot disease of coconut

b) Disease management experiments ( 2" year): Among the six treatments, the lowest grey
leaf spot incidence and severity was recorded in treatment Ts where plant were sprayed with
chemical fungicides followed by Ti (Sanitation). The highest leaf spot disease was recorded in
plants of control plot (Table 1). Three plants of control plots were also infected with bud rot
disease. Except the plants of control plots, bud rot disease was not observed in other plants.

Table 1. Effect of different treatments to control grey leaf spot and bud rot disease of coconut

Treatments Grey leaf spot Bud rot
Incidence (%) ‘ Severity | No of Plants | Severity

T:: Sanitation at July and December 7177 a 1.55 0 -

T,: Application of biocontrol agents 100.00 a 2.22 0 -

@200g/plant

Ts: Application of nutrients 100.00 a 2.55 0 -

T4 Application of phenolic compounds 88.88 a 1.66 0 -

Ts: Chemical fungicides (Autostin and 3333b 0.44 0 -

Secure)

Te: No treatment (farmers practices) 100.00 a 4.44 3 -

LSD =35.01 0=0.05; same letter does not differ significantly

¢) Integrated disease management (3" year): Based on the results of the experiment of the
first year, two times sanitation and spraying of fungicides were selected and combined as a
technology to control grey leaf spot and bud rot disease of coconut (Table 2). The developed
technology against the two major diseases (grey leaf spot and bud rot) was validated Fruit
Research Farm, HRC, Gazipur and at RARS, Rahmatpur, Barishal, Bud rot disease was not
observed during the experimental time. Data on grey leaf spot were taken. Using the
technology (Sanitation 2 times + spray of fungicides), incidence of grey leaf spot disease
reduced significantly compared to untreated plots in both locations (Gazipur and RARS,

Rahmatpur, Barishal)

Table 2. Effect of sanitation and fungicide spray on

rey leaf spot of coconut

Locations Treated Untreated 95% Confidence
(% incidence) (% incidence) Intervals
Joydebpur, Gazipur 10 45 *ok
RARS, Rahmatpur, Barishal 5 50 *ok

** Differences among the treated and untreated plots are highly significant. t-test was conducted to compare the mean
incidence of treated and untreated plants at 95% confidence intervals. Bud rot disease was not observed in the treated

plants, data on grey leaf spot were recorded.
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Implementing Component -3: SSURDA

At Gaidghat, Jashore the developed technologies were applied in the field of seven farmers where
about 38 coconut trees were treated. After six months of applying of treatments, the average
production of healthy nuts increased 62% in treated 38 plants (Table 1).

Table 1. Production of coconut at Gaidghat, Jashore using ICM technologies (fertilizer
management, insect and disease management) developed by three components

Plant No. Before Treatment After Treatment % Increase Healthy
Healthy Nut/Plant/Year Healthy Nut/Plant/Year Nut/Plant/Year
1. 15 25 50.00
2. 25 35 33.33
3. 35 40 50.00
4. 32 52 30.95
5. 40 58 62.50
6. 20 35 40.00
7. 12 25 100.00
8. 10 22 68.00
9. 15 24 25.00
10. 10 15 57.14
11. 24 32 80.00
12. 30 45 51.21
13. 42 55 33.33
14. 40 65 100.00
15. 25 35 50.00
16. 12 24 56.52
17. 25 42 140.00
18. 24 30 150.00
19. 35 55 400
20. 25 45 300
21. 41 62 166.66
22. 36 48 150.00
23. 10 20 125.00
24. 16 24 125.00
25. 23 36 70.00
26. 5 12 73.07
27. 4 10 150.00
28. 3 15 31.42
29. 5 20 40.00
30. 12 32 50.00
31. 06 15 33.33
32. 8 18 50.00
33. 16 36 30.95
34. 20 34 62.50
35. 26 45 40.00
36. 12 30 100.00
37. 35 46 68.00
38. 25 35 25.00
Total = 799 1297
Average 21.02 34.13 62%
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At Bondobila, Kestopur, Jashore the developed technologies were applied in the field of
nine farmers where 80 coconut trees were treated. After six months of applying treatments, the
average production of healthy nuts increased 29.28% in treated 80 plants (Table 2).

Table 2. Bondobila, Kestopur, Jashore using ICM technologies (fertilizer management, insect
and disease management) developed by three components

Plant No. Before Treatment After Treatment % Increase Healthy
Healthy Nut/Plant/Year Healthy Nut/Plant/Year Nut/Plant/Year

1. 46 50 8.69
2. 35 45 28.57
3. 60 70 16.66
4. 45 60 33.33
5. 35 45 28.57
6. 55 70 27.27
7. 34 45 32.35
8. 25 30 20.00
9. 40 45 12.50
10. 50 57 14.00
11. 37 44 18.91
12. 60 62 3.33
13. 55 58 545
14. 25 36 44.00
15. 35 47 34.28
16. 25 30 20.00
17. 40 48 20.00
18. 30 35 16.66
19. 26 35 34.61
20. 45 65 44.44
21. 32 40 25.00
22. 58 67 15.51
23. 60 65 8.33
24. 35 45 28.57
25. 45 55 22.22
26. 60 78 30.00
27. 42 53 26.19
28. 31 40 29.03
29. 25 32 28.00
30. 55 65 18.18
31. 20 30 50.00
32. 24 36 50.00
33. 12 18 50.00
34. 2 07 250.00
35. 35 40 14.28
36. 45 55 22.22
37. 57 70 22.80
38. 60 75 25.00
39. 65 68 4.61
40. 13 18 38.46
41. 25 30 20.00
42. 36 42 16.66
43. 34 42 23.52
44. 42 55 30.95
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Plant No. Before Treatment After Treatment % Increase Healthy
Healthy Nut/Plant/Year Healthy Nut/Plant/Year Nut/Plant/Year

45. 10 15 50.00
46. 10 42 320.00
47. 5 12 140.00
48. 25 32 28.00
49. 20 35 75.00
50. 30 46 53.33
51. 25 36 44.00
52. 40 56 40.00
53. 20 35 75.00
54. 25 30 20.00
55. 55 60 9.09
56. 70 75 7.14
57. 25 36 44 .00
58. 50 60 20.00
59. 42 65 54.76
60. 40 40 0.00
61. 10 25 150.00
62. 40 42 5.00
63. 36 36 0.00
64. 15 25 66.66
65. 01 05 400.00
66. 13 20 53.84
67. 24 32 3333
68. 02 12 500.00
69. 15 25 66.66
70. 12 18 50.00
71. 10 22 120.00
72. 14 24 71.42
73. 12 30 150.00
74. 45 55 2222
75. 36 45 25.00
76. 21 36 71.42
77. 22 36 63.63
78. 12 20 66.66
79. 08 15 87.50
80. 05 10 100.00

Total = 2561 3311

Average 32.01 41.38 29.28

At Bakal, Satkhira the developed technologies were applied in the field of four farmers
where about 30 coconut trees were treated. After six months of applying treatments, the average
production of healthy nuts increased 24.14% in treated 30 plants (Table 3).
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Table 3. Bakal, Satkhira using ICM technologies (fertilizer management, insect and disease
management) developed by three components

Plant No. Before treatment After treatment % Increase Healthy
Healthy Nut/Plant/Year Healthy Nut/Plant/Year Nut/Plant/Year
1. 25 35 40.00
2. 22 41 86.36
3. 15 20 33.33
4. 14 20 42 .85
5. 08 12 50.00
6. 10 20 100.00
7. 10 15 50.00
8. 13 25 92.30
9. 32 40 25.00
10. 35 54 54.28
11. 15 35 133.33
12. 1 5 400.00
13. 21 25 19.04
14. 45 50 11.11
15. 35 45 28.57
16. 65 72 10.76
17. 55 62 12.72
18. 45 55 2222
19. 60 75 25.00
20. 55 60 9.09
21. 70 75 7.14
22. 60 78 30.00
23. 55 70 27.27
24, 48 55 14.58
25. 45 60 33.33
26. 55 64 16.36
27. 60 65 8.33
28. 75 85 13.33
29. 60 65 8.33
30. 55 62 12.72
Total = 1164 1445
Average 38.8 48.16 24.14

At Tulsidanga, Kolaroa, Satkhira the developed technologies were applied in the field of five
farmers where about 53 coconut trees were treated. After six months of applying the treatments, the
average production of healthy nuts increased 27.02% in treated 53 plants (Table 4).
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Table 4. Tulsidanga, Kolaroa,Satkhirausing ICM technologies (fertilizer management, insect
and disease management) developed by three components

Plant No. Before Treatment After Treatment % Increase Healthy
Healthy Nut/Plant/Year Healthy Nut/Plant/Year Nut/Plant/Year
1. 12 20 66.66
2. 5 10 100.00
3. 12 25 108.33
4. 22 35 59.09
5. 45 55 22.22
6. 20 35 75.00
7. 35 40 14.28
8. 25 35 40.00
9. 12 14 16.66
10. 09 15 66.66
11. 10 15 50.00
12. 25 35 40.00
13. 40 55 37.50
14. 52 55 5.76
15. 36 42 16.66
16. 60 65 8.33
17. 5 10 100.00
18. 12 18 50.00
19. 5 12 140.00
20. 10 14 40.00
21. 5 10 100.00
22. 16 20 25.00
23. 08 10 25.00
24. 23 25 8.69
25. 60 70 16.66
26. 48 54 12.50
27. 20 25 25.00
28. 10 16 60.00
29. 45 50 11.11
30. 26 35 34.61
31. 20 26 30.00
32. 15 22 46.66
33. 09 14 55.55
34. 10 18 80.00
35. 14 20 42.85
36. 10 15 50.00
37. 18 25 38.88
38. 45 50 11.11
39. 10 16 60.00
40. 45 50 11.11
41. 20 27 35.00
42. 18 25 38.88
43. 10 16 60.00
44. 45 50 11.11
45. 40 45 12.50
46. 36 40 11.11
47. 11 15 36.36
48. 05 10 100.00
49. 08 12 50.00
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Plant No. Before Treatment After Treatment % Increase Healthy
Healthy Nut/Plant/Year Healthy Nut/Plant/Year Nut/Plant/Year
50. 14 20 42.85
51. 30 35 16.66
52. 42 46 9.52
53. 50 55 10.00
Total = 1238 1572
Average 23.35 29.66 27.02

12. Research highlights (Title of the sub-project, background, objectives, methodology, key findings, and
key words):

Coordinating Component : Pomology Division, HRC, BARI
Title of the sub-project: Development of Integrated Crop Management Technologies for Higher
Production of Coconut in Bangladesh.

Background

Coconut is considered as a crop of high economic value for its diversified uses. Coconut
responds very well to judicious application of fertilizer and irrigation. With appropriate
management, coconut can be grown even in the poorest soils with soil drainage and aeration in sub-
soil (Malhotra et al., 2017). Nitrogen is important in promoting leaf growth and development.
Deficiencies in phosphorus retard palm growth and delay flowering. In potassium deficient soils,
potassium fertilizers have a positive effect on the number of inflorescences, bunches, nuts per
bunch and total nut production. Application of organic material enhances the utilization of nutrients
by plants and water retention ability of soil (Guar, 1994). Judicious application of fertilizers
increases nut and copra yield by as much as 230% and a coconut farmer can realize a net income of
about 180% compared to without fertilization (https://pca.gov.ph/pdf/cocoTech/fertilization/
fertilizationGuideForCoconuts.pdf). In India, supplementary irrigation during summer gives an
increased yield of 31 nuts/palm in sandy loam soils (Bhaskaran and Leela,1978). Therefore,
appropriate nutrient management technology is needed for the higher production of coconut.
Though Bangladesh has potential to produce coconut, but due to lack of appropriate ICM
technologies and awareness of growers coconut production is far behind from exporting coconut.

Objectives

Objectives sub-projects were- Development of integrated crop management packages on
production and protection aspects of coconut; on-farm validation and up scaling of the developed
ICM packages; awareness building of coconut growers and extension personnel on the developed
technologies.

Methodology

Prior to start the sub project activities, base line survey on the management practices like
application of fertilizer, irrigation and growth regulators on coconut had been done in all the target
locations viz. Barishal, Patuakhali, Jashore, Satkhira, Chuadanga, Kushtia, Meherpur and Gazipur
during 2018-19.

Experiments on fertilizer and irrigation were conducted on BARI Narilkel-2 at Pomology
Division of Horticulture Research Centre, Bangladesh Agricultural Research Institute, Joydebpur,
Gazipur and Regional Agricultural Research Station, Rahmatpur, Barishal during 2019-2020. There
were 5 fertilizer treatments per plant viz., T1 (RD): NasoP100K1000S63Zn21Bs, T2 (RD + 25% more):
Nis62P125K1250S79Zn26B6.25, T3 (RD+ 50% more): Ne75P150K1500S93Zn32B7.5, 14 (FP): 20 kg cowdung
and Ts: Control (Native soil). Four irrigation treatments were applied —two times, four times, six
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times at 10 days interval starting from bud break or primordium initiation. Irrigation was applied at
a rate of equivalent to about 2 mm/day or 100 1/day following the basin method.

At the end of 2™ year, trial on integrated management practices of best treatments of three
components was carried out at the Fruit Research Farm, Joydebpur, Gazipur and Regional
Agriculture Research Station, Rahmatpur, Barishal. Integrated management practices were
compared with the farmer’s practices. At Fruit Research Farm, Joydebpur and Regional Agriculture
Research Station, Rahmatpur, Barishal number of coconut trees were 30 (15+15) for integrated
management and 30 (15+15) for farmer’s practices.

Key findings

From the surveyed report, it was observed that minimum respondent farmers (24.3%) in
Patuakhali and Satkhira and maximum respondent farmers (44.3%) in Gazipur applied fertilizers
for their coconut trees. Farmers were reported to apply generally fertilizer per plant per year
amounting urea-500 g, MoP-500 g and cowdung 20.0 kg. Application of irrigation in respondent
farmers differed from 7.6 to 32.4%. Use of growth regulators was negligible.

The number of female flower, number of fruit set, fruit weight, fruit yield and green coconut
water increased when fertilizers were applied at the rate of N: 675 g/plant (Urea-1465 g/plant) , P:
150 g/plant (TSP-750 g/plant), K: 1500 g/plant (MoP-3000 g/plant), S: 93 g/plant (Gypsum-581
g/plant), Zn: 32 g/plant (ZnSo04--90 g/plant), B:7.5 g/plant (Boric acid-44 g/plant) and cowdung: 20
kg/plant). The highest water content in green coconut was found in above mentioned treatment
(1004 ml). The lowest water content in green coconut was observed in native soil (580 ml).
Irrigation 4-6 times in dry season was found suitable for coconut production. Number of fruits per
plant was obtained from integrated technology and farmer’s practices werel35.3 and 54.7,
respectively. Net profit was recorded to be 3609/- in integrated technology and 1108/- in farmers
practice. Integrated management technology has been selected for field validation by On Farm
Research Division (OFRD), BARI.

Key words: Coconut, fertilizer, irrigation, production, increase

Component-1: Entomology Division, HRC, BARI
Title of the sub-project: Development of Integrated Crop Management Technologies for Higher
Production of Coconut in Bangladesh.

Background

Coconut is an important fruit crop in Bangladesh. It gives income to the growers continuously and
contributes a lot of the total homestead income. It provides livelihood to the farmers through its
versatile uses. Prevalence of pests and diseases in majority of the coconut-growing areas has
adversely affected the coconut industry to a large extent recently. Coconut palm being a perennial
crop, grown mostly under homestead gardens, provides supply of food and shelter for the build-up
of various insect pests and diseases which cause extensive damage to the crop during all stages of
its growth. In Bangladesh, farmers usually don’t apply fertilizer and irrigation in coconut crop,
which are also responsible for low yield of coconut in our country. The sub project, therefore, was
designed to address the above challenges thorough developing and popularizing ICM technologies
at farm level thereby increasing overall productivity of coconut crop in Bangladesh.

Objective
Development and expansion of integrated pest management packages to manage insect
pests of coconut.
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Methodology

At the outset of the project activities, field surveys were conducted on the coconut growers
in 8 locations viz. Barishal, Patuakhali, Jashore, Satkhira, Chuadanga, Kushtia, Meherpur and
Gazipur during 2018-2019 to document insect and mite pest problems of coconut and the
management options followed by farmers. Based on the survey results, 5 field experiments were
conducted in different locations viz. BARI, Gazipur; RARS, Jashore and RARS, Barishal. Detailed
methodologyof the individual experiments have been furnished in section 10 of the report.
Moreover, two field validation studies were done in the farmers’ field of Kestopara, Jashore and
Rahmatpur, Barishal.

Eight field days on coconut pest management were also arranged during in project areas
(three in Jashore and four in Barishal and one in Gazipur) where around 360 farmers participated.

Key findings

» Coconut eriophyid mite, Rhinoceros beetle and Red palm weevil were found to attack
coconut tree in the studied locations. It was revealed that coconut eriophyid mite was
predominant pest followed by Rhinoceros beetle and Red palm weevil.

» Mass trapping with pheromone could be one the important component of Red palm weevil
IPM program.

» Management package comprising of sanitation, applying recommended doses of fertilizers
and alternate spraying of Vertimec 018 EC and Intrepid 10SC offered highest reduction of
mite infestation over control.

» Through the project activities, invasive roguse spiraling whitefly (RSW) was first recorded in
Bangladesh.

» Population of rugose spiraling whitefly was quite high during September and it peaked during
mid November, then it started decline up to January.

» From several studies on management options against RSW, a technology for managing the
pest was developed. It was recommended that sanitation along with rotation spraying of
chemical insecticide acetamiprid (Tundra 20SP) @ 1g/1 of water and biopesticide Bioclean
@ of 1ml/l of water at 15 days interval would satisfactorily control RSW in coconut.

Key words: Coconut mite, Roguse spiraling whitefly, [PM

Implementing Component-2: Plant Pathology Division, BARI

Title of the sub-project: Development of Integrated Crop Management Technologies for
Higher Production of Coconut in Bangladesh.

Background: Coconut, Cocus nucifera L. belongs to the family palmaceae is an important
plantation crop mainly in tropical and subtropical parts of the world. Many people depending upon
this coconut tree directly or indirectly, it provides food for millions and it is considered as the one
of the top ten most useful trees in the world. Because of this multiple uses, this tree is popularly
called as “Kalpavriksha”, “Tree of Life”, “Tree of Heaven” or “Tree of abundance”. More than 93
countries growing coconut in the world in an area of 12 million hectares with an annual production
of 59.98 million tons of nuts. Coconut is a versatile product; it is called as a complete food because
it is rich in calories, vitamins and minerals. It is mainly consumed as fresh nuts, tender coconuts,
coconut oil and copra meal. The kernel of coconut is an excellent source of minerals; it has copper,
calcium, iron, manganese, magnesium and zinc. It is also a very good source of B-complex
vitamins such as folates, riboflavin, niacin, thiamin and pyridoxine (Abhishek et al., 2021).
However, disease pest are the major constraints of coconut production worldwide. In Bangladesh
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very little information is available on disease status of coconut. Moreover, coconut growers are not
aware of applying balanced fertilizers, pesticides and using cultural management practices properly
to increase crop yield. Focusing the hindrances of higher production of coconut in Bangladesh, the
sub-project was design to develop ICM package for applying balanced nutrient, insect pest and
disease management and also to create awareness among the growers to use ICM packages.

Objectives: To develop disease management technology

Methodology: Disease survey was conducted to identify major disease of coconut and their current
status. Experiment was conducted at Gazipur to find out effective management practices against
two major diseases (grey leaf spot and bud rot). In the third year, two best treatments (two times
sanitation and spraying of Autostin @ 2 g/L at 15 days interval and Secure @ 2 g/L 2 times at 15
days interval was applied along with other intercultural operations) were combined and applied to
control grey leaf spot and bud rot disease.

Key findings: During the survey, grey leaf spot, bud rot, root wilt and stem bleeding were
identified. Among the four diseases, incidence of grey leaf spot caused by Pestalotia palmarum and
bud rot disease caused by Phytophthora palmivora were high in all the surveyed areas. The highest
75% incidence of grey leaf spot at Barishal, 5% incidence of bud rot, 1% incidence of stem
bleeding and 1.67% incidence of root wilt disease were recorded at Jashore region. After two years
experimentation, a disease management package: Sanitation (two times, one at May and another at
October) + two times spraying of Autostin (canbendazim) @ 2 g/l water at the plant canopy at 15
days interval to control grey leaf spot + Secure (Fenamidon + Mancozeb) @ 2 g/l water at the
crown of tree 2 times at 15 days interval to control bud rot disease) was developed. If the package
could be disseminated among the coconut growers, coconut production will be increased in
Bangladesh.

Key words: Disease Incidence, grey leaf spot, bud rot

Implementing Component-3: SSURDA

Title: Validation of developed coconut ICM technologies at farmers’ field

Background: In Bangladesh, coconut is considered as a crop of high economic value for its
diversified uses. However, the yield is about 21 nuts per year per tree which is very low, compared
to other coconut-growing countriecs. Among the coconut growing countries of the world,
Bangladesh ranked 19 in case of areas, while production status ranked 30 and yield 77 (FAOSTAT
2012). So, it is clear that the production and yield of coconut in Bangladesh are very low. This poor
yield is due to lack of high-yielding varieties, lack of management practices, inadequate
nourishment and pests and diseases control. Recently, coconuts are seriously suffered by coconut
eriophyid mite, rugose spiraling white fly along with other insect pests, viz. red palm weevil and
rhinoceros beetle. Bud rot, grey leaf spot etc. are the prevailing major disease problems, while root
wilt and leaf rot diseases may be the serious threats for its future production. Unfortunately, in
spite of the importance of coconut in the national economy, due importance has not been paid for
the improvement of this crop. Recently steps has been taken to import high yielding varieties from
different countries like Vietnam and India but very few works have so far been done on the
integrated nutrient, water and pest management. Three technologies on Coconut nutrient
management, insect management and disease management were developed and these technologies
should be validated in the farmers field.

Objectives: To increase crop yield and create awareness of the growers to use advanced
technologies.
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Methodology: Technologies developed by Pomology Division, HRC, BARI; Entomology
Division, BARI and Plant Pathology Division, BARI on nutrient management, insect management
and disease management were applied in the framers field at Jashore and Shatkhira.

Key findings: Production increased 62% at Gaidghat, Jeshore, 30% at Bondobila, Kestopur,
Jashore, 24% at Bakal, Satkhiraand 27% at Tulsidanga, Kolaroa, Satkhira. Growers were happy
with their production and they were motivated to use the developed technology.

Key words: Coconut, ICM, Validation, Production

B. Implementation Status

1. Procurement (component wise):Not applicable for all components

e . PP Target Achievement Remarks
Description of equipment . . P . . -
and capital items Physical Financial Physical Financial
p (No.) (Tk.) (No.) (Tk.)

(a) Office equipment

(b) Lab &field equipment

(c) Other capital items

2. Establishment/renovation facilities: Not applicable for all components

Description of Newly established Upgraded/refurbished Remarks
facilities PP Target | Achievement | PP Target | Achievement

3. Training/study tour/ seminar/workshop/conference organized:
Coordinating Component: Pomology

Description Number of participant Duration Remarks
Male | Female Total | (Days/weeks/ months)

(a) Training - - - - -

(b) Workshop - - - - -

(c) Others (Field day) 147 63 210 One day/batch Seven field days
were conducted

at Rahmatpur
and Joydebpur
Training/study tour/ seminar/workshop/conference organized: Entomology
o e Number of participant Duration (Days/weeks/)
Description Male Femgle pTotal mon ti’ns Remarks

(a) Training

(b) Workshop

(c) Field day 299 61 01 day for each field day
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Training/study tour/ seminar/workshop/conference organized: Plant Pathology

N/A
o Number of participant Duration (Days/weeks/)
Description Male | Female Total months Remarks
(a) Training
(b) Workshop
(c) Field day
Training/study tour/ seminar/workshop/conference organized: SSURDA
o . Number of participant Duration
Description Male | Female | Total | (Days/weeks/months) Remarks
(a) Training
(b) Workshop
' 405 75 480 1 (day) 8 field days in 4
(c) Field day locations, Gaidghat,

Kestopur inJashore
and Bakal, Kolaroa

in Satkhira.
C. Financial and Physical Progress (combined & component wise)
(Fig in Tk)
Components Total approved Fund Actual Balance/ | Physical | Reasons
budget received | expenditure | unspent | progress for
(%) |deviation
Coordinating component 4700000 3750000 3743124 99.82
Component-1 3850000 2500000 | 2492135 99.68
Component- 2 1450000 1300000 1300000 100.00
Component -3 3000000 2750000 2750000 100.00
Total 13000000 10300000 | 10285259 99.87
Financial and Physical Progress
Coordinating component : Pomology Division, HRC, BARI
_(Fig in Tk)
Items of expenditure/activities Total Fund Actual | Balance/| Physical | Reasons
approved | received | expenditure | unspent | progress for
budget (%) |deviation
a. Contractual staff salary 673604 500000 498056 1944 99.61
b. Tield rescarchvlab expenses and | ) ce5 | 2278000 | 2370850 | -92850 | 104.08
supplies
c. Operating expenses 460003 400000 281790 118210| 70.45
d. Vehicle hire and fuel, oil & | 4557 5 260000 | 282013 | -22013 | 108.47
maintenance
e. Training/workshop/seminar etc. 120000 120000 120000 0 100.00
f. Publications and printing 300000 0 0 0 0.00
g. Miscellaneous 201820 192000 191820 180 9991
h. Capital expenses 0 0 0 0 0.00
Total 4700000 3750000 3744529 5471 99.85
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Implementing Component-1: Entomology Division, BARI

(Fig in Tk)
Items of Total Fund Actual |Balance/ | Physical | Reasons
expenditure/activities approved | received | expenditure | unspent | progress for
budget (%) deviation
a. Contractual staff salary 493285 | 329161 356066 -26906.2 | 108.17
b. Field research/lab expenses and | 1956715 | 1357839 | 1262331 59423 92.96
supplies
c. Operating expenses 550000 | 332000 337462 -15220.4| 101.65
d. Vehicle hire and fuel, oil & 500000 | 282000 199986 86859 70.92
maintenance
e. Training/workshop/seminar etc.| 200000 | 116000 200000 -34000 172.41
f. Publications and printing 0 0 0 0 0
g. Miscellaneous 150000 83000 136290 -62290 164.20
h. Capital expenses 0 0 0 0 0
Total 3850000 | 2500000 | 2492135 7865.4 99.69
Implementing Component-2: Pathology Division, BARI
(Fig in Tk)
Items of expenditure/activities Total Fund Actual Balance/ | Physical | Reasons
approved | received | expenditure | unspent | progress for
budget (%) deviation
a. Contractual staff salary 357390 | 356180 356180 0 100.00
b. Field research/lab expenses and | 750505 | 694005 694005 0 100.00
supplies
c. Operating expenses 192230 | 125000 124943.5 56.5 99.95
d. Vehicle hire and fuel, oil & 99000 74815 73000 1815 97.57
maintenance
e. Training/workshop/seminar etc. 0 0 0 0 0.00
f. Publications and printing 0 0 0 0 0.00
g. Miscellaneous 50875 50000 49780 220 99.56
h. Capital expenses 0 0 0 0 0.00
Total 1450000 | 1300000 | 1297909 2091.5 99.42
Implementing Component-3: SSURDA
(Fig in Tk)
Items of expenditure/activities Total Fund Actual Balance/ | Physical | Reasons
approved | received | expenditure | unspent | progress for
budget (%) deviation
a. Contractual staff salary 1028875 | 943135 1008875 -65740
b. Field research/lab expenses and | 1246125 | 1142282 1148220 -5938
supplies
c. Operating expenses 250000 | 229167 217905 11262
d. Vehicle hire and fuel, oil & 200000 183333 200000 -16667
maintenance
e. Training/workshop/seminar etc. | 200000 | 183333 100000 83333
f. f. Publications and printing 0 0 0 0
g. Miscellaneous 75000 68750 75000 -6250
h. Capital expenses 0 0 0 0
Total 3000000 | 2750000 | 2750000 0
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D. Achievement of Sub-project by Objectives (Tangible form): Technology generated/

developed

Coordinating Component: Pomology Division, HRC, BARI

General/specific
objectives of the sub-
project

Major technical activities
performed in respect of the
set objectives

Output (i. e.
product obtained,
visible, measurable)

Outcome (short term
effect of the research)

Development and
expansion of integrated
crop management
packages on production
aspects of coconut.

Base line survey on the
management practices.
Experiments on fertilizer and
irrigation were conducted.
Sanitation/cleaning done.

Optimum fertilizer
dose and irrigation
schedule were
identified.

Fertilizer, irrigation,
sanitation management
technology to increase

coconut yields

Achievement of Sub-project by objectives (Tangible form): Technology generated/developed

Implementing Component : Entomology Division, BARI

General/specific
objectives of the

Major technical
activities performed in

Output (i.e. product
obtained, visible,

Outcome (short
term effect of

spiraling whitefly developed

sub-project respect of the set measurable) the research)
objectives

Development and | - Survey program - Invasive Roguse Spiraling Insect pest
expansion of integrated conducted to identify Whitefly (RSW) was first management
pest management major insect pests of recorded in Bangladesh. technologies
packages to manage coconut - Population dynamics of RSW | for higher
insect pests of coconut - Conducted extensive documented and its | productivity of

field and lab research sustainable management | coconut

to develop sustainable package developed

management options

against coconut | - _Sustainable = management

eriophyid and rugose options  against  coconut

spiraling whitefly eriophyid and rugose

Achievement of Sub-project by Objectives (Tangible form): Technology generated/developed
Implementing Component : Plant Pathology Division, BARI

measures and develop
technology

General/specific Major technical activities Output (i.e. product Outcome (short
objectives of the sub- | performed in respect of the obtained, visible, term effect of
project set objectives measurable) the research)
Development and | - Survey program | - Grey leaf spot and bud | Disease
expansion of conducted to identify rot  disease  were | management
integrated disease the major diseases of identified as major | technology  to
management packages coconut disease problem of | increase crop
to manage different | - Different cultural, coconut yield and income
diseases of coconut biological and chemical | - Sanitation (two times) | generation

approaches were and fungicides

applied to find out the (Autostin and Secure)

effective control
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Implementing Component : SSURDA

General/specific
objectives of the sub-
project

Major technical activities
performed in respect of
the set objectives

Output (i.e. product
obtained, visible,
measurable)

Outcome (short
term effect of
the research)

Field wvalidation and
awareness building of
coconut growers and
extension  personnel
on the developed
technologies.

Application of fertilizer, | Number of coconut increased

irrigation, insecticides and
fungicides; sanitation of

62% at Gaidghat, Jeshore,
30% at Bondobila, Kestopur,

the selected coconut plants | Jashore, 24% at Bakal,

of farmer’s field.

Satkhiraand 27% at
Tulsidanga, Kolaroa, Satkhira.
Growers were happy with
their production and they
were motivated to use the
developed technology.

Production of
coconut as well
as income of the
farmers will be

increased.

E: Information/Knowledge generated/Policy generated

Coordinating Component : Pomology Division, HRC, BARI

packages to manage

insect pests of coconut

coconut
- Conducted extensive | -
field and lab research
to develop sustainable
management options
against coconut
eriophyid and rugose | -
spiraling whitefly

Bangladesh.

Population dynamics of
RSW documented and its
sustainable =~ management
package developed

Sustainable = management
options against coconut
eriophyid and  rugose
spiraling whitefly
developed

General/specific Major technical activities Output Outcome (short
objectives of the sub- | performed in respect of the term effect of the
project set objectives research)
Development and Sanitation, application of Coconut fruit yield Fruit production
expansion of fertilizer and pesticides. increased due to increased
integrated crop management of nutrient,
management packages insect and diseases.
on production aspects
of coconut.
Implementing Component : Entomology Division. BARI
General/specific Major technical Output Outcome
objectives of the activities performed in (short term effect
sub-project respect of the set of the research)
objectives

Development and |- Survey program |- Invasive Roguse | Insect pest
expansion of integrated | - conducted to identify Spiraling Whitefly (RSW) | management
pest management major insect pests of was first recorded in | technologies  for

higher productivity
of coconut
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Implementing Component: Plant pathology Division, BARI

General/specific Major technical activities Output Outcome (short
objectives of the sub- | performed in respect of the term effect of the
project set objectives research)
Development and | Different cultural, biological | Sanitation (two times) | Disease management
expansion of | and chemicals were applied to | and fungicides (Autostin | technology to
integrated disease | find out effective control | and Secure) increase crop Yyield
management packages | measures and develop and income
to manage different | technology generation

disease of coconut

E. Materials Development/Publication made under the Sub-project
Coordinating Component : Pomology Division. HRC, BARI

Number of publication Remarks (e.g. paper title,
__Publication Under Completed and name of journal,
preparation published conference name, etc.)
Technology bulletin/ booklet/ 01 Under preparation
leaflet/flyer etc.
Journal publication 01 Under preparation
Video clip/TV program
News Paper/Popular Article
Other publications, if any

Implementing Component: Entomology Division, BARI

Number of publication Remarks (e.g. paper title,
Publication Under Completed and name of journal, conference name, etc.)
preparation published
Technology bulletin/ 01 A factsheet on Management of rugose
booklet/leaflet/flyer etc. spiraling whitefly in coconut.
Journal publication 01 Dutta, N. K., D. Sarker., K. Begum, M. A.
Sarkar., M. I. Islam & M. M. Rahman. 2019.
First record of the invasive rugose spiraling
whitefly,  Aleurodicus  rugioperculatus
Martin ~ (Hemiptera:  Aleyrodidae) in
Bangladesh with its host range and status as
coconut pest. Bangladesh j. entomol. 29(2):
73-83.
Video clip/TV program
News Paper/ Popular 04 Different project activities have been
Article published in local and national dailies.
(Annexture 01)
Other publications, if any

Component: Plant Pathology

Number of publication Remarks (e.g. paper title,

Publication Under Completed and | name of journal, conference
preparation published name, etc.)
Technology bulletin/ booklet/ - - -
leaflet/flyer etc.
Journal publication
Video clip/TV program

News Paper/Popular Article
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| Other publications, if any | | |
G. Description of generated Technology/Knowledge/Policy

i. Technology Factsheet (title of the technology, introduction, description, suitable
location/ecosystem, benefits, name and contact address of author)

Technology Fact Sheet of Pomology Component

Title of technology: Application of Fertilizer in Coconut

Introduction: In Bangladesh, coconut is considered as a crop of high economic value for its
diversified uses. It is one of the most important fruit crops in Bangladesh. It provides coconut oil,
coconut milk as well as mineral enriched water that are widely used all over the country. Fertilizer
is the most important and costly input in order to enhance the coconut yield. It plays a very active
role in increasing crop yield. Balanced fertilizer is an essential practice in the cultivation of
coconut. Coconut palms require adequate nutrition for tree growth, flowering, fruit set, regular fruit
bearing and high yields. Nitrogen is important in promoting leaf growth and development.
Deficiencies in phosphorus retard palm growth and delay flowering. In potassium deficient soils,
potassium fertilizers have a positive effect on the number of inflorescences, bunches, nuts per
bunch and total nut production. Application of micronutrients increases the nut yield of coconut.
Hence, there is a need to develop a recommendation of fertilizer for coconut.

Description of the Technology (For BARI Narikel-2):

Fertilizer should be applied at the rate of N: 562-675 g/Plant (Urea-1220-1465 g/Plant) , P:
125-150 g/Plant (TSP-625-750 g/Plant), K: 1250-1500 g/Plant (MoP-2500-3000 g/Plant), S: 79-93
g/Plant (Gypsum-494-581 g/Plant), Zn: 26-32 g/Plant (ZnSo04.74-90 g/Plant), B: 6.25-7.5 g/Plant
(Boric acid-36-44 g/Plant) and Cowdung: 20 Kg/plant in the plants of 15 years old and above.

Time and method of application

Fifty per cent of NPK has to be applied in the month of September/October and rest 50% of
NPK should be applied in April/May. Gypsum, boron, zinc and cowdung are to be applied as
blanket dose in September/October. Before using fertilizer, sanitation i.e., cleaning 2 times at
April/May and September/October has to be performed.

Fertilizers along with cowdung are to be applied following circular basin method 1.0 m
away from the base of the palm. The fertilizer has to be mixed with the soil of about 0.8 m area
around the palm after 1.0 m and light irrigation has to be dispensed. Four times irrigation at an
interval of 10 days starting from bud break or primordium initiation should be imparted.

ZnszB75 g/plant + Cowdung Farmer’s practice : 20 kg Cowdung/plant

P K S
675" 150 1500 93

(@ 20 kg/plant
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Suitable area/Location: All over Bangladesh

Benefit of the Technology: Nut yield (Number of nuts/plant) and amount of water in green
coconut will be increased. As a result, total production of coconut will be increased. Livelihood of
the smallholder coconut farmers will be improved.

Fertilizer Number of | Price of | Total | Total Net | MBCR | ARR
fruits/plants | green | price | cost | profit (%)
coconut
Ti: Urea-1220 g, TSP-625 g, 122.7 40/- | 4908/- | 1782/- | 3126/- 2.36 510
MoP-2500 g, Gypsum-494 g,
ZnSo4-74 g, Boric acid-36 g,
Cowdung-20 kg
T2: Urea-1465 g, TSP-750 g, 136.2 40/- 6248/- | 1803/- | 3645/- 62.8 335
MoP-3000 g, Gypsum-581 g,
ZnS04-90 g, Boric acid-44 g,
Cowdung-20 kg
Ts: Farmer’s practice 63.8 40/- | 2552/- | 1080/- | 1472/- - -

(Sanitation, Cowdung
application, weeding and
harvesting )

T is the most profitable treatment, as the highest MBCR (62.81) and the highest ARR (510%) are found in T».

Name and address of the Researcher:
Dr. Md. Jillur Rahamn, Principal Scientific Officer, Pomology Division, HRC, BARI, Joydebpur,
Gazipur. Mobile: +8801715082555 and E-mail: jillurhrc@gmail.com
Md. Rashedul Islam, Scientific Officer, Regional Agricultural Research Station, Rahmatpur,
Barishal. Mobile: +8801717808402 and E-mail: rashedhrc@gmail.com
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Implementing Component-1: Entomology Division, BARI
Title: Management of Rugose spiralling whitefly attacking Coconut

Introduction

Coconut production in Bangladesh presently is being seriously hampered due to attack of Rugose
spiralling whitefly, Aleurodicus rugioperculatus Martin. The pest was first observed in Bangladesh infesting
coconut leaves at Regional Agricultural Research Station (RARS), BARI, Jashore during May, 2019. In
South Asia the pest was first identified in 2016 in India. The pest is highly polyphagous with more than 118
hosts belonging to 43 plant families, including several economically important crops. This pest usually
damage the plants by sucking sap from leaves. Rugose spiraling whitefly can cause stress to the plant by
removing nutrients and water, and by promoting the growth of black sooty molds. They excrete honeydew,
which provides an excellent substrate for growth of sooty molds. Once it dries, the sooty mold forms thick
layers on the host leaves and other non-plant surfaces. The layers of sooty mold on leaves may disrupt the
photosynthetic process in the host leading to physiological disorders.

Whitefly infested coconut leaf Sooty mold on coconut leaf Seriously infested
coconut leaflet

Description of the Technology

Rugose spiralling whitefly attack in Coconut can be successfully managed by the IPM package recently
developed by Entomology Division, BARI under its PIU-BARC, NATP- phase II funded Coconut ICM sub
project. The salient features of this IPM package are as follows:

1. Sanitation: Severely infested coconut leaves along with adults and nymphs of whitefly should be cut,
removed and burned.

2. Rotation spraying of chemical insecticide Acetamiprid (e.g. Tundra 20SP, Platinum 20SP etc.) @ 1g/1 of
water and biopesticide Fizimite or Bioclean @ of 1ml/l of water at 15 days interval. Usually, 2-3 sprays
are required to obtain good results.

Suitable area/Location: All over Bangladesh

Benefit of the Technology: The technology would contribute significantly in increasing overall productivity
of coconut crop in Bangladesh reducing approximately 78% rugose spiralling whitefly adult population over
untreated plants.

Name and address of the Researcher(s):

Dr. Nirmal Kumar Dutta, Chief Scientific Officer, Entomology Division, BARI, Gazipur; Mobile:
+8801794714560 and E-mail: nkdutta83@yahoo.com

Dr. Kohinoor Begum, Principle Scientific officer, Entomology Division, BARI, Gazipur; Mobile:
01552450007, Email: kohinoor.ento@gmail.com

Implementing Component-2: Plant Pathology Division

Title: Management of Gray leaf spot and bud rot disease of coconut
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Introduction: Coconut is an important cash crop of Bangladesh. Each part of the plant can be used
in various purposes. There are a number of factors that reduce total productivity of coconut in
Bangladesh. Coconut can be grown in almost all the districts of Bangladesh, coastal areas are more
suitable for its production. Though it has potential for contributing in national economy, still there
are many impediments in its production. Among them, diseases are the most important part.
Coconut plants are affected by more than 50 diseases worldwide. Among the diseases, root (wilt)
disease (RWD) caused by phytoplasma, grey leaf spot caused by Pestalotia palmarum, leaf rot
disease caused by a number of fungi (Colletotrichum spp., Fusarium spp., Curvularia spp), bud rot
caused by Phytophthora palmivora are most important in Bangladesh.

Description of the Technology:

- Sanitation (Two times, one at May and another one at October)
- Spraying of Autostin (canbendazim) @ 2 g/l water two times at 15 days interval to control grey
leaf spot + Secure @ 2 g/l water 2 times at 15 days interval to control bud rot disease

Suitable Locations: Barishal, Patuakhali, Jashore, Satkhira, Gazipur, Kushtia
Benefit: Gray leaf spot and bud rot disease will be reduced and coconut production will be
increased

Contact for more information:
Dr. Md. Mynul Islam, Senior Scientific Officer, Plant Pathology Division, BARI, Gazipur, Phone:
01783581022, Email: mynul_bari@yahoo.com

ii. Effectiveness in policy support (if applicable)

H. Technology/Knowledge generation/Policy Support (as applied)

i. Immediate impact on generated technology (commodity & non-commodity)

ii. Generation of new knowledge that help in developing more technology in future

iii. Technology transferred that help increased agricultural productivity and farmers’ income
iv. Policy support

1. Information regarding Desk and Field Monitoring

i. Desk Monitoring [description & output of consultation meeting, monitoring
workshops/seminars etc.)
Quarterly, half yearly and annual reports have been submitted. Meeting on progress of
project activities were conducted in every month.

ii. Field Monitoring (date & no. of visit, name and addresses of team visit and output)

Year 2020
Sub-project Title & | : | Development of Integrated Crop Management Technologies
1D for Higher Production of Coconut in Bangladesh (ID: 026)
Implementing : | Bangladesh Agricultural Research Institute, Gazipur.
Organization
Date of visit : | 18 January 2021
Visiting Place : | BARI, Gazipur
Team Member (s) : | 1. Dr. Md. Abdul Jalil Bhuyan, Research Management
& address Specialist, PIU-BARC, NATP-2
2. Md. Ashequr Rahman, Assistant Manager (Accounts),
PIUBARC, NATP-2
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3. Dipok Kumar, Monitoring Associate, PIU-BARC, NATP-2
4. Md. Hasan Mahmud, Capacity Development Associate,
PIUBARC, NATP-2
SI# | Recommendation Progress of Implementation
1. Bio-rational based insecticides | Bio-rational based insecticides are being used
need to be used
2. Management approaches of It will be done
new insects and diseases
should be developed
3. Economic analysis should be An economic analysis will be done
done
4. Leaflets on the generated It will be done
technologies need to be
published
Year 2021

Sub-project Title & ID

Development of Integrated Crop Management Technologies
for Higher Production of Coconut in Bangladesh (ID: 026)

Implementing
Organization

Bangladesh Agricultural Research Institute, Gazipur.

Date of visit

26 September 2021

Visiting Place

BARI, Gazipur

Team Member (s) &

1. Dr. Md. Abdul Jalil Bhuyan, Research Management

(PCR) need to be submitted
within revised time schedule

address Specialist, PIU-BARC, NATP-2.
2. Dipok Kumar, Monitoring Associate, PIU-BARC,
NATP-2.

S1# | Recommendation Progress of Implementation

1. The sub-project completion report | It will be done in schedule time

iii. Weather data, flood/salinity/drought level (if applicable) and natural calamities

J. Sub-project Auditing (covers all types of audit performed)

Coordinating Component: Pomology Division, HRC, BARI

Types of Major observation/ Amount Status at the sub-project Remarks
audit issues/ objections of Audit end
raised; if any (Tk.)
FAFAD | No observation/ _ _ _
issues raised
FAFAD | No observation/
issues raised
Component-1: Entomology Division, BARI
Types of Major observation/ Amount Status at the sub-project Remarks
audit issues/ objections of Audit end
raised; if any (Tk.)
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FAFAD No observation/
issues raised

FAFAD No observation/
issues raised

Component-2: Plant Pathology Division, BARI

Types of Major observation/ Amount Status at the sub-project Remarks
audit issues/ objections of Audit end
raised; if any (Tk.)

FAFAD No observation/
issues raised

FAFAD No observation/
issues raised

Component-3:SSURDA

Types of Major observation/ Amount Status at the sub-project Remarks
audit issues/ objections of Audit end
raised; if any (Tk.)

FAFAD No observation/
issues raised

FAFAD No observation/
issues raised

K. Lessons Learned:

Coordinating Component: Pomology Division, HRC, BARI

i)  Farmers generally do not follow any management practices. They do not apply fertilizer,
irrigation and other production increasing practices.

ii)  Project on perennial crops should be designed for more than five years duration

iii) Coconut growers of Bangladesh rarely use recommended fertilizers and do follow any
pest management strategy

Component-1: Entomology Division, BARI

1) Project on perennial crops should be designed for more than five years duration
ii) Coconut growers of Bangladesh usually do not apply any insecticides against insect pests

Component-2: Plant Pathology Division, BARI
1) Coconut growers generally do not apply chemicals for disease control
i1) Bud rot and leaf spot are harmful diseases for coconut production.

Component-3: SSURDA

1) With the application of integrated management packages, number of green coconut
increased drastically
ii) Time for validation trial in the farmers field should be more

L. Challenges (if any):

Coordinating Component: Pomology Division, HRC, BARI
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o Research activities were hampered due to Covid-19 pandemic situation.
o Field experiments, farmers training and organizing field days were challenging for
lockdown situations.

Component-1: Entomology Division, BARI
Due to Covid-19 pandemic situation conducting field experiments and organizing field days
were some what difficult

Component-2: Plant Pathology Division, BARI

Due to Covid-19 pandemic situation, field experiments, farmers training and organizing field days
were challenging.

Component-3: SSURDA

Due to Covid-19 pandemic situation, validation trials in the farmers field and organizing field days
were challenging.

M. Suggestions for Future Planning (if any):

Use of nutrients and pesticide including sanitation can improve fruit yield of coconut. There is
huge potential of growing coconut in Bangladesh and it may be an exportable item for Bangladesh.
Steps should be taken to disseminate developed technology and create awareness of using coconut
ICM technologies for the production of better yield of coconut.
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Annexture-2

Field day organized by Coordination Component (Pomology Division)
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Field day on Application of Fertilizer and Irrigation in Coconut, RARS, Rahmatpur,
Barishal, 09 October 2021




Field day on “Integrated Crop Management of Coconut” at Fruit Research Farm,
BARI, Gazipur

Annexture-3

(Project activities published in local/ National Dailies
by Component-1: Entomology Division, BARI)
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Annexture-4 (Project activities in photographs)
Component-1: Entomology Division, BARI

o

. R .
Field day at RARS, Jashore, 31 October, 2020

Field day at RARS, Barishal, 18 January, 2021 Filed validation trial at Barishal

Annexture-5
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(Project activities by Component-3: SSURDA)

Spraying of chemical
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Field day organized by Component-3: SSURDA

Field day at Satkhira

63



	1
	2
	3

