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Project Overview 
The BHEARD Bangladesh Program activities formally closed in 2021 but with additional funds 
available, the Bangladesh Program team requested the funds go toward the start of the 
Integrated Pest Management Innovation Lab (IPM) activities supported by Virginia Tech.  The 
project and focus of the work align with BHEARD’s mission and with the USAID Bangladesh 
Mission's approval, BHEARD Bangladesh began to report directly to Virginia Tech. This 
summary provides excerpts from the most recent IPM report demonstrating how final 
BHEARD funds have been spent. 
 
Country Overview 
Crop losses due to pest attack are a major constraint to alleviating poverty and improving 
nutrition in Bangladesh. Pests such as insects, mites, bacteria, fungi, viruses, nematodes and 
weeds cause up to a 40% reduction in crop yields1. In recent years, alongside native and 
naturalized pests which cause chronic crop damage, globalization and other non-agricultural 
economic activities have enhanced the movement of invasive alien species, which contribute 
to substantial economic harm and require innovative, rapid and thorough approaches to 
tackle them. One of the best examples of this is the Fall Armyworm (FAW), an invasive pest 
native to the Americas. Its migration from North America has been unprecedented, 
destroying more than 13.5 million tons of maize worth USD3 billion in Sub-Saharan Africa 
over a period of just two years before reaching South Asia. FAW feeds on more than 80 
species of plant, with maize (Zea mays) its preferred host. It was identified in Bangladesh for 
the first time in late 2018 following its migration from southern India and has already spread 
throughout the country, creating significant crop loss especially in summer maize. Experience 
in Africa indicates that the two to three years following FAW establishment results in the most 
crop losses. Use of chemical pesticides to manage pests and reduce these losses has grown 
over time in Bangladesh, despite evidence of the negative impacts of pesticides on soil and 
water. Integrated pest management (IPM) is a better approach, using combinations of 
practices and technologies to reduce losses due to pests while minimizing reliance on 
synthetic pesticides. Achieving broad-based and inclusive IPM adoption for major crops in 
Bangladesh is essential for supporting the country’s agriculture sector to become more 
resilient and productive. Urgent action is needed to address the threat of FAW, using IPM 
strategies that can be sustainably implemented by resource-constrained farmers.  
 
The United States Agency for International Development (USAID) Feed the Future Integrated 
Pest Management Activity began in 2021. Its main goal is to strengthen the capacity of 
Bangladesh’s agricultural sector stakeholders to control and prevent the spread of current 
and emerging threats in order to ensure more efficient, profitable and environmentally safe 
agricultural production and productivity. This will be achieved by implementing the following 
objectives: 
  

 
1 SP-IPM, 2010. Integrated pest management and crop health – bringing together sustainable agroecosystems and people’s health. White Paper. 
SP-IPM Secretariat, International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, 17 pp. 



Objective 1: Increase the availability and affordability of IPM measures for the prevention and 
spread of current and emerging threats. 
 
Objective 2: Increase the capacity of Bangladesh agricultural stakeholders such as academia, 
local lawyers, financial institutions, government, media, civil society, the private sector and 
value chain actors to implement IPM measures. 
 
Objective 3: Increase the adoption of IPM measures by smallholder farming households to 
increase agricultural production and productivity, while reducing environmental hazards 
caused by indiscriminate use of pesticides.  
 
Project Activities 
 
• Fall Armyworm monitoring: The FAW National Task Force decided that as in the previous 

two years, in 2021–22 monitoring of FAW populations would be continued by 
International Maize and Wheat Improvement Center (CIMMYT) and the Department of 
Agricultural Extension (DAE). Activities included: 

o Hosting a virtual kickoff meeting to start the monitoring 
o Field data was collected weekly through a) weekly moth counts of adult male FAW 

moths attracted to and killed in sex pheromone traps, and b) weekly scouting for 
signs of crop damage caused by FAW larvae feeding on the plant, infestation of 
whorls, and damage to maize cobs 

• Digital monitoring of FAW populations with the solar-powered, cost-effective, self-
cleaning and auto-counting ‘Trapview’ system 

o One disadvantage of the methods used by DAE for the manual observation of FAW 
populations – namely, pheromone traps and field scouting – is that they are time-
consuming and difficult, meaning that in the long-term, more time- and cost-
effective methods will be needed. To this end, the Activity facilitated the setting 
of three solar-powered, self-cleaning and auto-count traps, part of the Trapview 
monitoring system manufactured by European Union private company EFOS, in 
three maize fields in Chuadanga, Bogura and Dinajpur, which were tested during 
the 2021–22 rabi and 2022 kharif seasons 

 

  
Above: hands-on training program on the use, maintenance and data analysis capacity of Trapview for FAW 

monitoring (23–30 March 2022) in Dinajpur, Bangladesh 



• Develop and validate FAW management technologies at farm level; integrate these 
with an IPM package for maize; conduct multi-locational studies on intercropping 
and agro-ecological management of FAW 

o Until 2020 no research had been conducted in Bangladesh to identify FAW’s 
local natural enemy population or the efficacy of this population in managing 
the pest, its agro-ecological management, or integrated management 
strategies against it. However, during the winter cropping season (rabi) 2020–
21 and kharif 2021, BARI and BWMRI, with financial and technical assistance 
from the USAID–CIMMYT “Fighting Back Against FAW” Activity, conducted 
noteworthy research into some of these issues. During the rabi 2021–22 and 
kharif 2022 seasons, some of the research findings, along with some new 
studies, have been produced with financial and technical assistance from the 
Feed the Future–IPMA Activity. As part of these efforts, CIMMYT, in 
collaboration with BWMRI, has been undertaking the agro-ecological 
management of FAW under a sub-grant proposal.  

o  
Project One Accomplishments/Progress + Challenges and Setbacks 
For further details on the most recent efforts to reduce FAW and pest management, please 
see the attached, “Feed the Future Integrated Pest Management Activity Annual Report” 
attached. 
 
Next Steps 
This is the final report for BHEARD Bangladesh but work will continue under their funding 
through the Innovation Pest Management Lab at Virginia Tech. 
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List of acronyms 
 
BARC  Bangladesh Agricultural Research Council 
BARI  Bangladesh Agricultural Research Institute  
BAU  Bangladesh Agricultural University  
BINA  Bangladesh Institute of Nuclear Agriculture 
BRRI  Bangladesh Rice Research Institute 
BSCRI  Bangladesh Sugar Crop Research Institute 
BWMRI Bangladesh Wheat and Maize Research Institute 
CIMMYT International Maize and Wheat Improvement Center 
CV  Coefficient of variation 
DAE  Department of Agricultural Extension 
DG  Director General 
ETL  Economic Threshold Level  
FAO  Food and Agriculture Organization of the United Nations 
FAW  Fall Armyworm 
FtF  Feed the Future 
IPM  integrated pest management 
IPMA  Integrated Pest Management Activity 
NARS  National Agricultural Research System 
PERSUAP Pesticide Evaluation Report and Safer Use Action Plan 
RH  Relative humidity 
SAAO  Sub-Assistant Agriculture Officer 
SE  Standard error 
US  United States 
USD  United States Dollar 
USAID  United States Agency for International Development 
 

Introduction 
 
Crop losses due to pest attack are a major constraint to alleviating poverty and improving nutrition in 
Bangladesh. Pests such as insects, mites, bacteria, fungi, viruses, nematodes and weeds cause up to a 
40% reduction in crop yields1. In recent years, alongside native and naturalized pests which cause 
chronic crop damage, globalization and other non-agricultural economic activities have enhanced the 
movement of invasive alien species, which contribute to substantial economic harm and require 
innovative, rapid and thorough approaches to tackle them. One of the best examples of this is the Fall 
Armyworm (FAW), an invasive pest native to the Americas. Its migration from North America has 
been unprecedented, destroying more than 13.5 million tons of maize worth USD3 billion in Sub-
Saharan Africa over a period of just two years before reaching South Asia. FAW feeds on more than 
80 species of plant, with maize (Zea mays) its preferred host. It was identified in Bangladesh for the 
first time in late 2018 following its migration from southern India and has already spread throughout 
the country, creating significant crop loss especially in summer maize. Experience in Africa indicates 
that the two to three years following FAW establishment results in the most crop losses. Use of 
chemical pesticides to manage pests and reduce these losses has grown over time in Bangladesh, 
despite evidence of the negative impacts of pesticides on soil and water. Integrated pest management 
(IPM) is a better approach, using combinations of practices and technologies to reduce losses due to 
pests while minimizing reliance on synthetic pesticides. Achieving broad-based and inclusive IPM 
adoption for major crops in Bangladesh is essential for supporting the country’s agriculture sector to 

 
1 SP-IPM, 2010. Integrated pest management and crop health – bringing together sustainable agroecosystems and people’s health. White Paper. 
SP-IPM Secretariat, International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, 17 pp. 
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become more resilient and productive. Urgent action is needed to address the threat of FAW, using 
IPM strategies that can be sustainably implemented by resource-constrained farmers.  
 
The United States Agency for International Development (USAID) Feed the Future Integrated Pest 
Management Activity began in 2021. Its main goal is to strengthen the capacity of Bangladesh’s 
agricultural sector stakeholders to control and prevent the spread of current and emerging threats in 
order to ensure more efficient, profitable and environmentally safe agricultural production and 
productivity. This will be achieved by implementing the following objectives: 
  
Objective 1: Increase the availability and affordability of IPM measures for the prevention and spread 
of current and emerging threats. 
 
Objective 2: Increase the capacity of Bangladesh agricultural stakeholders such as academia, local 
lawyers, financial institutions, government, media, civil society, the private sector and value chain actors 
to implement IPM measures. 
 
Objective 3: Increase the adoption of IPM measures by smallholder farming households to increase 
agricultural production and productivity, while reducing environmental hazards caused by 
indiscriminate use of pesticides.  
 
 
Detailed project progress 

 
Objective 1: Increase the availability and affordability of IPM measures for the prevention 

and spread of current and emerging threats 
 
Activity 1.B: Continue development of management actions for Fall Armyworm  
and integrate them in the IPM package for maize 
 
Task 1B1: Fall Armyworm monitoring 
 
In collaboration with DAE, manual observation of FAW populations in Bangladesh has been ongoing 
since the 2019–20 rabi maize season, using the Bangladesh “Fall Armyworm Monitor” mobile app 
(https://faw-monitor.firebaseapp.com/#/) developed originally by CSISA and the Fighting FAW activity. 
The FAW National Task Force decided that as in the previous two years, in 2021–22 monitoring of 
FAW populations would be continued by International Maize and Wheat Improvement Center 
(CIMMYT) and DAE. First, a virtual meeting was held between the relevant CIMMYT personnel to 
make the arrangements necessary to start the monitoring.  
Field-level data collection was carried out through (1) weekly moth counts of the adult male FAW 
moths, attracted to and killed in sex pheromone traps, and (2) weekly scouting for signs of crop 
damage caused by FAW larvae feeding on the plant, infestation of whorls, and damage to maize cobs. 
Since 2019, CIMMYT and DAE have been working together to monitor and record this data, allocating them a FAW 
catch number, as well as scouting in the field by Activity-trained SAAOs. In response to CIMMYT’s 
request to the DAE DG, data recording started for rabi maize crops 2021–22 in last week of 
December 2021, covering 104 sub-districts of 24 major maize districts. The national level average 
aggregated graph (below) shows there to be little difference in the weekly moth trapping and scouting 
data, which indicated (1) small fresh windowpane: sign of small larvae feeding (1–3 instar), (2) infested 
whorl: sign of matured larvae feeding (4–6 instar), and (3) infested plant: sign of cob damage. However, 
at the regional and local levels there was significant differences in infestation. In some of the major maize-
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growing areas (Cumilla, Bogura, Manikgonj and Dinajpur), FAW infestation, SFW and infested whorl were high, especially 
from the last week of January when the temperature started to increase (http://faw-monitor.firebaseapp.com). In 
those areas in the northern part of the country where maize cultivation is late (January onwards), 
infestation was especially high. 

 
Above: national-level average FAW aggregated data, January–May, 2022 

 
Task 1B2: Digital monitoring of FAW populations with the solar-powered, cost-effective, 
self-cleaning and auto-counting ‘Trapview’ system 
 
One disadvantage of the methods used by DAE for the manual observation of FAW populations – 
namely, pheromone traps and field scouting – is that they are time-consuming and difficult, meaning 
that in the long-term, more time- and cost-effective methods will be needed. To this end, the Activity 
facilitated the setting of three solar-powered, self-cleaning and auto-count traps, part of the Trapview 
monitoring system manufactured by European Union private company EFOS, in three maize fields in 
Chuadanga, Bogura and Dinajpur, which were tested during the 2021–22 rabi and 2022 kharif seasons. 
Although the initial cost involvement was high, data collection using these traps is easy, and as a result 
they are growing in popularity with DAE field-level extension officers and NARS institution scientists 
involved in pest surveillance. From 23–30 March, 2022, the Activity arranged a hands-on training 
program for DAE field-level extension officials (specifically, the Additional Deputy Director of the Plant 
Protection Wing, upazila Agricultural Officers, Agricultural Extension Officers, Sub-Assistant 
Agricultural Officers), as well as entomologists from Bangladesh Agricultural Research Institute (BARI) 
and Bangladesh Wheat and Maize Research Institute (BWMRI) on the overall use, maintenance, data 
analysis and use of the data for FAW and other invasive pest forecasting.    
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Above: hands-on training program on the use, maintenance and data analysis capacity of Trapview for FAW 

monitoring (23–30 March 2022) in Dinajpur, Bangladesh 

 
The graph below shows the weekly accumulated FAW population per trap from 3 October 2021–11 
September 2022 at Dinajpur, Bogura and Chuadanga. The FAW population was high mainly during 
March 2022 at Chuadanga and May–June 2022 at Dinajpur. At Bogura the FAW population was not as 
high as the other two locations. In Chuadanga, maize cultivation started from mid-October (rabi) and 
continued till June (kharif 1); however, in Dinajpur the maize cultivation is late, with the main cultivation 
starting from December and continuing till July–August. 
 
In Bogura, maize is mainly cultivated during winter (October–March). It was observed and reported 
(BWMRI Annual Report, 2021) that during winter cultivation the population of FAW is less; in fact, 
when the temperature falls below 100C the population becomes almost nil. Conversely, with the 
increase in temperature, FAW population also increased, observed in the year-round FAW population 
fluctuation data recorded through Trapview.   
 

 
 
Above: weekly accumulated FAW/trap from 3 October 2021–11 September 2022 at Dinajpur, Bogura and 

Chuadanga, recorded by solar-powered, self-cleaning and auto-counting ‘Trapview’ 
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Task 1B3: Develop and validate FAW management technologies at farm level; integrate 
these with an IPM package for maize; conduct multi-locational studies on intercropping 
and agro-ecological management of FAW 
 
As FAW is comparatively new to Bangladesh, until 2020 no research had been conducted in the 
country to identify its local natural enemy population or the efficacy of this population in managing the 
pest, its agro-ecological management, or integrated management strategies against it. However, during 
the winter cropping season (rabi) 2020–21 and kharif 2021, BARI and BWMRI, with financial and 
technical assistance from the USAID–CIMMYT “Fighting Back Against FAW” Activity, conducted 
noteworthy research into some of these issues. During the rabi 2021–22 and kharif 2022 seasons, 
some of the research findings, along with some new studies, have been produced with financial and 
technical assistance from the Feed the Future–IPMA Activity. As part of these efforts, CIMMYT, in 
collaboration with BWMRI, has been undertaking the agro-ecological management of FAW under a 
sub-grant proposal.  
 
Agro-ecological management of Fall Armyworm  
 
The study was implemented in two locations (Dinajpur and Rajshahi), providing a gradient of agro-
ecological conditions: probable rainfall, temperature, humidity and soil type. Four replicates were 
maintained at each experimental location, arranged in blocks 2.5 m apart, with a distance of 1.5–2 m 
between experimental plots, depending on land area capacity. This agro-ecological approach to FAW 
management focuses mainly on intercropping with cowpea (Vigna unguiculata), as outlined below. 
 
Basic module 
The following module was implemented under an agreement between BWMRI and CIMMYT 
Bangladesh representatives: Monoculture maize and intercrop with cowpea, Vigna unguiculata in 
conventional tillage  
 
Treatment 
(a) Monoculture maize, with 60 cm row-to-row  
(b) Monoculture maize, with 90 cm row-to-row  
(c) Maize + cowpea intercrop, with 60 cm row-to-row  
(d) Maize + cowpea intercrop, with 90 cm row-to-row  
 
Randomized block design with four replicates  
 
Variety 
(a) Maize: Pioneer (hybrid)  
(b) Cowpea: BARI Felon 1  
 
Plot size 
12 x 10 m (each plot) 
 
Table 1: Planting dates and present status of the study in two locations 
 
Sl 
No.  

Location Experiment set-up date  Present status  
 

1  BWMRI, Dinajpur  14 December 2021  
 

Crops harvested, mid-June 2022  

2  Regional Office, 
BWMRI, Rajshahi  

14 December 2021  Crops harvested, early June 2022 
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Pheromone trap 
Two pheromone traps were placed in each location of two sites at the corner of experimental plots. 
Adult moths caught in the traps were counted on a weekly basis, from the planting to the tasseling 
stage of the maize crop. After counting the adults, the soap water was changed, maintaining the 
optimum level in the trap bucket. Pheromone lures were changed after six weeks to ensure they 
worked properly. 
 
Pitfall trap 
To assess the abundance and diversity of insect predators, a pitfall trap was used to catch and observe 
the insects/insect predators moved inside plot. 6.5 cm diameter with 4 cm depth plastic cup was used 
in this study. The cups were sunk into the soil keeping the lip flush with the soil surface and soap water 
poured in at the bottom of cup, keeping a depth of about 2 cm as a trapping medium. Three cups were 
placed diagonally in a plot between 10:00 a.m. and 11:00 a.m. and after 24 hours data were collected 
and lumped into a single sample for each plot.  
 
FAW parasitism percentages and identity of parasitoids 
FAW larvae were collected from the border row of an experimental plot and placed individually in 
small beakers. Observations were recorded on whether the larvae lived or died, and if died carefully 
checked the beaker for the release of parasitoid (if any). The percentage of larvae parasitized was 
calculated and the parasitoid collected for identification.  
  
Leaf damage 
Foliar damage was assessed on a scale of 1–9 using the CIMMYT pictorial guide. Data were collected 
from five spots in each plot (from the four corners and the middle of the core plot area) on a fortnightly 
basis from V3 to the tasseling stage. 
 
Cob damage 
Cob samples were collected diagonally from three spots of each experimental plot; 20 cobs were 
collected from each spot, and after harvest, cobs damaged by FAW were assessed according to the 
CIMMYT 1–9 scale. 
 
Plant number 
Plants were counted in the middle eight rows of each experimental plot and the mean number of 
plants per row calculated.  
 
Plant height 
Plant height was measured from each of the fifth plant in a line in core area and 40 plants measured 
from each plot. A wooden scale was used to measure from the plant base (soil level) to the bottom 
of the tassel, which was considered the plant height.  
 
Number of cob in a plant 
The number of cobs was counted from each of the fifth plant in a line in the core plant area, where 
50 plants were considered for counting the cob number per experimental plot. 
 
Cob length 
Three spots were selected diagonally from each plot and all 20 cobs were collected from each spot. 
After dehusking the cob, its length was measured in centimeters, using a steel scale.    
 
Maize yield 
Three spots of each experimental plot were selected diagonally and three rows of plants within two 
meter in each spot were marked. The cobs were harvested from the marked plants, and after drying 
for two to three days, the grains were deshelled. The grains were dried in direct sun again, until 14% 
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moisture remained, and then weighed. Yield data were calculated for (1) 60 cm row-to-row spacing: 
3 rows (= 180cm) x 2 m = 3.6 m2 and (2) 90cm spacing as 3 rows (270 cm) x 2 m = 5.4 m2 and finally 
converted into kilograms per hectare.  
 
Cowpea yield 
Cowpea pods were collected from whole plot three to four times when the pods matured. The pods 
were dried in direct sun and crushed to extract the peas. The pea grains were weighed and calculated 
into kilograms per hectare.  
 
Results 

Pheromone trap 
Figures 1 and 2 show the FAW moths captured in pheromone traps at Dinajpur and Rajshahi sites on 
a fortnightly basis. The most moths were captured in March 2022 at both Dinajpur (8.5) and Rajshahi 
(4.5) sites. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Above: fortnightly FAW moths captured in pheromone traps at Dinajpur (left) and Rajshahi (right)  
 
Pitfall trap 
Table 2 presents the abundance and diversity of insect predators trapped in the pitfall traps in this 
study: spider, ground beetle, earwig, ant, ladybird beetle and grasshopper. A greater number of spiders, 
ants and ladybird beetles were found in the intercrop than in the monocrop.  
 
Table 2. Number of predators trapped in pitfall trap in experimental plot in four treatments 

Treatments 
Mean number of predators 

Spider G. Beetle Earwig Ant LBB Grass-
hopper 

T1 (MM 60) 1.7 1.6 0.5 3.0 1.2 2.2 
T2 (MM 90) 1.5 1.5 0.6 2.7 2.2 2.1 
T3 (MIC 60) 4.2 2.2 1.5 2.0 2.7 1.2 
T4 (MIC 90) 3.4 1.5 1.2 3.2 2.5 1.5 

 
Foliage damage  
Foliage damage in different stages of crop growth differed among the treatments (Table 3). Although 
leaf damage is low in this season and usually in the winter season, comparatively higher leaf damage 
was observed in the mono-crop maize plots, in both the 60 cm and 90 cm row-to-row distance 
treatments.  
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Table 3. Foliar damage in different crop growth stages of maize under four treatments 

Treatments 
Foliar damage (on a 1–9 scale) at different crop stages 

V2 V4 V6 V8 V12  Tasseling  
T1 (MM 60) 2.0 1.7 2.37 2.8 2.6 1.6 
T2 (MM 90) 2.2 1.6 2.58 2.8 3.2 2.5 
T3 (MIC 60) 1.2 1.3 2.38 1.1 1.0 1.1 
T4 (MIC 90) 1.2 1.2 1.78 1.8 1.1 1.1 

F3,9 26.35 2.73 5.56 96.7 227.9 33.65 
P ** ns ** ** ** ** 

 
Cob damage 
Cob infestation was very low in both the two locations. Cob damage among the treatments did not 
differ (F3,25 = 0.06; P = 0.97) between the two sites; Figure 3 presents the mean cob damage in the two 
locations among the four treatments.   
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Above: cob damage among the four treatments  

 
Yield and yield-contributing traits 
The number of plants per unit area was similar among the treatments. Plant height was observed to 
be higher in 60 cm row spacing than in 90 cm row spacing. Cob length was higher in 90 cm row spacing 
than in 60 cm row spacing. Maize was observed to be higher in the intercropped plot with 60 cm row 
spacing, followed by maize mono crop (60 cm), maize intercropped (90 cm) and maize mono crop (60 
cm row-to-row spacing). Cowpea grains yield in the intercropped plot were also not very high. 
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Table 4. Yield and yield-contributing traits of maize in the four treatments 

Treatments No. of plants/ 
2m*3rows 

Plant height 
(cm) 

Cob length 
(cm) 

Maize yield 
(kg/ha) 

Cowpea yield 
(kg/ha) 

T1 (MM 60) 28.7 268.1 16.3 12930.0 - 
T2 (MM 90) 28.6 266.2 18.0 9911.3 - 
T3 (MIC 60) 29.0 275.1 15.9 13067.7 150.6 
T4 (MIC 90) 29.6 258.3 17.6 10494.2 230.5 

F3,25  1.07 7.40 7.83 12.93 - 
P ns ** ** ** - 

 
Benefit cost analysis 
Table 5. Benefit cost analysis of monoculture maize and intercrop with cowpea in 60 cm and 90 cm 

row-to-row spacing  

Treatments Maize yield 
(gg/ha) 

Cowpea 
yield 

(kg/ha) 

Gross 
return 

(BDT/ha) 

Variable cost 
(cowpea 

seed) 

Net return 
(BDT/ha) 

T1 (MM 60) 12930.0 - 387899 - 387899/- 
T2 (MM 90) 9911.3 - 297338 - 297338/- 
T3 (MIC 60) 13067.7 150.6 405585 2250 403335/- 
T4 (MIC 90) 10494.2 230.5 335571 1485 334086/- 

~Maize@30 BDT/Kg; cowpea@ 90 BDT/Kg; seed rate of cowpea 25kg/ha for 60cm and 16.5kg/ha for 90cm 
row-to-row spacing. 
 
Benefit cost analysis suggests that 60 cm row-to-row spacing with cowpea intercrop provided the 
highest return.  
 
Summary 
This study concludes that intercropping maize with cowpea reduced FAW infestation of maize. 
Furthermore, more return from the intercrop is an extra benefit for the farmers. Very interestingly, 
a greater number of predators and parasitoids were observed in the cowpea intercropped plots than 
in mono culture maize plots. A greater number of hymenopteran insects was observed by means of a 
yellow sticky trap in cowpea intercropped plots, with very few found in mono culture maize plots, 
that is, many natural beneficial insects are conserved in an intercropped plot. From an agronomy point 
of view, it also observed that a greater moisture content was retained in intercropped plot soil than 
in mono culture maize plot soil. During field days, farmers expressed interest in intercropping maize 
with other legumes or vegetable crops. 
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Field days 
Two Farmers Field Days were conducted: in Rajshahi and at the Dinajpur site. Fifty farmers 
(half female, half male) participated in each of locations. They observed the management of 
Fall Armyworm through intercropping maize with cowpea. Farmers were acquainted with 
agro-ecological management of FAW in maize crops. They expressed surprised that FAW in 
maize crops could be managed without the use of any insecticides.       
 

   
Above: Farmers Field Day, Rajshahi 

 

   
Above: Farmers Field Day, Nashipur, Dinajpur district 
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Task 1B4: Survey the natural enemies of FAW in maize fields and study the efficacy of 
already-recorded parasitoids (Telenomus remus, Trichogramma pretiosum and Habrobracon 
hebetor) in the laboratory, screen houses and maize fields at BARI 
 
As FAW is comparatively new to Bangladesh, until 2020 no research work had been conducted in the 
country to identify its local natural enemy population or the efficacy of this population in managing the 
pest. However, during the winter cropping season (rabi) 2020–21 and kharif 2021, BARI conducted 
noteworthy research into some of these issues, with financial and technical assistance from the 
USAID–CIMMYT “Fighting Back Against FAW” Activity. Further research was undertaken during the 
rabi 2021–22 and kharif 2022 seasons, with financial and technical assistance from the Feed the Future–
IPM Activity. In collaboration with CIMMYT, BARI has conducted several studies on FAW’s natural 
enemies in farmer’s and its own research station’s maize fields by collecting, identifying and recording 
the egg, larval and larval–pupal parasitoids and predators of FAW. Studies of the efficacy of the 
parasitoids Telenomus remus, Trichogramma pretiosum have also been conducted in BARI’s laboratory, 
screen house and maize fields, along with the mass rearing protocol development of these two 
parasitoids. Details of some of these studies along with the results are provided below.     
 
Survey of the abundance of natural enemies of Fall Armyworm (Spodoptera frugiperda) 
attacking maize crops in Bangladesh 
 
Field surveys were conducted in Saturia upazila, Manikganj district, Burirhat, Rangpur, and the research 
field at BARI, Gazipur, between December 2021 and June 2022, to identify and assess the abundance 
of FAW’s natural enemies attacking the maize crop. FAW was collected fortnightly at various points 
in its life stage (egg mass, larvae and pupae) from 10 randomly selected farmers’ maize fields in 
Manikganj and three fields each in Rangpur and in Gazipur. In each field, the FAW samples were 
collected from a randomly selected 25 m2 area at two spots during the afternoon. Egg masses found 
on plant parts were detached carefully, placed inside test tubes, and brought to the laboratory where 
they were held separately in rearing containers until the emergence of parasitoids or FAW larvae. 
Feeding injury in the leaf whorl and the presence of fresh frass were used to locate FAW larvae, which 
were collected from the whorl or unopened maize leaves and placed individually into sterilized plastic 
containers for further development. The larvae were provisioned daily with fresh maize leaves 
collected from BARI’s research field. FAW pupae were collected from the soil surface adjacent to 
FAW-infested maize plants (without larvae) and isolated in rearing containers for the completion of 
development or emergence of parasitoids. The parasitoids that emerged from the eggs or larvae were 
recorded every 24 hours until pupation, and preserved individually in 70% alcohol. 

Two species of egg parasitoid (identified as Telelomus remus and Trichogramma pretiosum), two species 
of larval parasitoid (Cotesia sp. and Campolities sp.), and one species of pupal parasitoid (Brachymeria 
euploeae) were found parasitizing the FAW egg mass, larvae and pupae in the farmers’ fields in 
Manikganj. They were identified using available taxonomic keys, and their identity confirmed by 
molecular analysis. In Manikganj the egg mass parasitism rate by the two egg parasitoids (T. remus and 
T. pretiosum) was 20% and 1.74%, respectively, and 7.96% by Trichogramma pretiosum along with 
Telenomus remus. Larval parasitism by Cotesia sp. and Campolities sp. was 0.28% and 0.14%, respectively; 
pupal parasitism by Brachymeria sp. was 5.88% (Table 2). At Gazipur, egg parasitism by T. remus was 
31.25%; larval parasitism was not found. Similarly, at Rangpur, egg parasitism by T. remus was 16.67%, 
and there was no larval parasitism. 
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Table 2: Location-wise parasitism of FAW egg mass/larvae by different parasitoids 

 No. of samples collected Percentage of parasitism  
egg 
mass 

larvae pupae egg mass larvae pupae 

T.  
remus 

T.  
pretiosum 

T. remus + 
T. pretiosum 

Cotesia 
sp. 

Campolities 
sp. 

Brachymeria 
euploeae 

Manikganj 515 5705 Location 20.00 1.74 7.96 0.28 0.14 5.88 
 

Gazipur 16 179 - 31.25 - - - - - 
 

Rangpur 18 272 - 16.67 - - - - - 
 

 
Rove beetle was found to predate FAW larvae in three different locations. Table 3 presents, location-
wise, the mean rove beetle population per plant and the percentage of plants with a rove beetle 
presence. It shows that in Manikganj the beetle population per plant was 2.07, and 76.66% of plants 
had a rove beetle presence; in Rangpur, there were 1.83 rove beetles per plant, with 63.33% of plants 
having a rove beetle presence. No rove beetle was observed in Gazipur.  

 
Table 3: Incidence of predatory rove beetle in maize fields in three different locations 

Location Mean rove beetle population per plant Percentage of plants with rove beetle presence 

Manikganj 2.07 76.66 

Gazipur - - 

Rangpur 1.83 63.33 

 
   

Above: T. remus recovered from 
FAW eggs 

Above: T. pretiosum recovered 
from FAW eggs 

Above: Brachymeria euploeae 
recovered from FAW pupae 

 
 

 
 

  

Above: Cotesia sp. recovered 
from FAW larvae 

Above: Campoletis sp. recovered 
from FAW larvae 

Above: rove beetle found to 
predate FAW larvae 
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Parasitism efficiency of Telenomus remus and Trichogramma pretiosum on Fall Armyworm 
eggs (Spodoptera frugiperda), in a no-choice test, under laboratory conditions  
 
This study was conducted on the parasitization efficiency of T. remus and T. pretiosum on S. frugiperda 
(FAW) eggs in the IPM laboratory of the Entomology Division, BARI, Gazipur, in March 2022. The no-
choice test used test tubes as the study area, with fresh eggs from the FAW host, collected from a 
mass culture at the IPM laboratory. The eggs used were up to 24 hours old (that is, up to 24 hours 
after female oviposition) and the egg masses glued to white paper (10 cm x 1.5 cm) with gum acacia 
diluted in distilled water. Female wasps used in the experiments were up to 24 hours old and were 
allowed to parasitize the FAW eggs for 48 hours. There were six replicates. Following the 48-hour 
exposure, the parasitism, emergence rates and duration of the egg-to-adult period of T. remus and T. 
pretiosum were investigated, as well as sex ratio and adult longevity. For the latter, a 10% honey 
solution was provided to the adults in droplets every alternate day until death. 
 
Results of the no-choice test showed the parasitism efficiency of tested T. remus wasps to be 93.50%; 
the adult emergence rate from the parasitized eggs was 87.14% (88.61% female), and the egg-to-adult 
period of T. remus in FAW eggs was 14.65 days, with the adult female surviving up to 9.00 days (Table 
4). With T. pretiosum, the parasitism efficiency of the T. pretiosum wasps was 83.67%; the adult 
emergence rate from the parasitized eggs was 81.66% (87.81% female), and the egg-to-adult period of 
T. pretiosum in FAW eggs was 10.0 days, with the adult female surviving up to 8.67 days (Table 4). 
 
Table 4: Percentage of egg parasitization, adult emergence and female percentage of Fall 

Armyworm (Spodoptera frugiperda) host eggs parasitized by Telenomus remus and 
Trichogramma pretiosum, in a no-choice test, under laboratory conditions 

Parasitoid spp. Egg 
parasitization 

(% ) ± SE 

Adult 
emergence 
(% ) ± SE 

 

Egg-to-adult 
period (days) ± 

SE 

 Female  adult 
longevity (days) 

± SE 

Female 
emergence 
(%) ± SE 

T. remus  93.50 ± 0.61 87.14 ± 2.55 14.65 ± 0.33 9.00 ± 0.46 88.61 ± 1.33 
T. pretiosum 83.67 ± 1.94 81.66 ± 2.73 10.0 ± 0.55 8.67 ± 0.33 87.81 ± 1.83 

 
  
   
   
   
   
   
          

Above: T. pretiosum 
parasitizing FAW eggs 

Above: FAW egg mass 
parasitized by T. 
pretiosum  

Above: T. remus 
parasitizing FAW eggs        

Above: FAW egg 
mass parasitized by  T. 

remus 
 
Efficacy of Habrobracon hebetor Say on Spodoptera frugiperda (J.E. Smith), evaluated with 
Galleria mellonella and Corcyra Cephalonica (Stainton) as alternate hosts 
 
This study was conducted to document Habrobracon hebetor Say (H. hebetor) parasitization effects on 
Spodoptera frugiperda (S. frugiperda) (fifth instar onwards) in comparison with its effects on Galleria 
mellonella and C. cephalonica. This was achieved by providing all three as alternate hosts under 
laboratory conditions (25ºC ± 2ºC and 65% ± 5% RH) at the Entomology Division, BARI, Gazipur, in 
March 2022.  
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The results showed that when all the host larvae were offered to H. hebetor, it parasitized them all. H. 
hebetor laid eggs on S. frugiperda larvae but no Bracon larvae or pupae were produced. This efficacy 
study of H. hebetor was conducted with three replications. Ten larvae of each of the three host species 
were exposed to 20 H. hebetor adults, and parasitization allowed for 24 hours. Individual host larvae 
were then transferred to Petri dishes containing filter paper to observe the number of H. hebetor 
larvae, pupae and adults developing per host larva. The number of H. hebetor larvae formed on each 
host larva was quantified under the microscope, one day after transfer to Petri dishes; H. hebetor pupae 
were counted daily and the total calculated. H. hebetor adults emerging from each host larva 8–10 days 
after parasitization were counted daily and the total number of adults which emerged calculated. 
 
The highest number of larvae, pupae and adults produced (7.33, 6.33 and 6.00 respectively) were 
formed on G. mellonella, followed by 4.00, 3.33 and 3.00 respectively on C. Cephalonica. Adult H. hebetor 
females first sting the FAW larvae and then inject them with venom, inserting the ovipositor, which 
paralyzes the larvae and leads to death. After 24 hours of exposure, all the S. frugiperda host larvae 
were transferred to Petri dishes, and 100% recorded as killed/paratisized by H. hebtor: black, dead and 
dried up within 24 hours of being injected with Bracon venom. However, no H. hebetor emerged from 
the dead FAW larvae, which dried up so quickly and entirely they left insufficient food for the H. 
hebetor larvae to thrive on. It can be concluded that H. hebetor can kill FAW larvae efficiently but that 
no new H. hebetor will emerge from the larvae. Effective control of FAW therefore needs innundative 
release of B. hebetor.   
 
Table 5: Parasitization of Habrobracon hebetor on multiple hosts (Spodoptera frugiperda, 

Galleria mellonella and Corcyra cephalonica), under laboratory conditions  
 

Host insect Parasitization/killed  
(%) 

No. of H. hebetor 
larvae formed/host 
larva (mean ± SE) 

No. of H. hebetor 
pupae formed/host 
larva (mean ± SE) 

No. of H. hebetor 
adults emerged/host 

larva (mean ± SE) 
C. 
cephalonica 
 

100 4.00 ±0.58 
 

3.33 ± 0.67 3.00 ± 0.58 

S. frugiperda 
 

100 0.0 0.0 0.0 

G. mellonella 
 

100 7.33 ± 0.67 
 

6.33 ± 0.67 
 

6.00 ± 0.58 
 

 
Task 1B5: Conduct mass rearing of egg and larval parasitoids of FAW (Telenomus 
remus and Trichogramma pretiosum) at BARI. 
 
Host and oviposition preference of Trichogramma pretiosum and Telenomus remus for the 
eggs of four different Lepidopteran insect pests, under laboratory conditions 

Laboratory studies were conducted on the host preference of egg parasitoids T. pretiosum and T. remus 
on the eggs of one natural Lepidopteran host (Spodoptera frugiperda) (FAW) and three factitious hosts 
(Sitotroga cerealella, Corcyra cephalonica and Plodia interpunctata). The parasitization behaviour of the 
female wasps was examined in a choice test. Developmental parameters including percentage of 
parasitism, adult emergence and female progeny were compared when reared on the four different  
hosts, under ambient conditions of 27°C ± 1°C and 65% ± 10% RH, and with a natural photoperiod. 
 
Collection of laboratory host eggs 
The eggs of Lepidopteran pests are the general media for the parasitization of Trichogramma spp.; this 
study used the eggs of Sitotroga cerealella (Oliver) (or S. cerealella), Corcyra cephalonica (Stainton) (or C. 
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cephalonica) and Plodia interpunctella. Fresh egg masses of these three hosts were collected from the 
IPM laboratory of the Entomology Division, BARI, and reared on wheat grain as a diet in a special 
mass-rearing chamber.  

With C. cephalonica and Plodia interpunctella, 100 adults were placed in a two-liter plastic container 
(maintaining a 1:1 sex ratio) and the top covered with 32-mesh net to provide aeration and prevent 
the moths escaping. Wire netting was also placed inside the plastic container for the insects to rest 
on and lay their eggs. The adult moths were kept in the container for one day to mate and for 
subsequent egg-laying; the next day, the adults and their body parts were removed from the container. 
The fresh eggs were then collected on a fresh piece of paper by shaking.  

To collect the S. cerealella eggs, thousands of adults were caught from the S. cerealella mass-rearing 
chamber and kept in a two-liter glass cylinder, again covered with 32-mesh net. Adults were kept in 
the cylinder for one day to mate and for subsequent egg-laying. The next day, any eggs laid on the wall 
of the cylinder were brushed and sieved to collect them, along with the moth body parts. The body 
parts were then cleaned by holding the sieve near an exhaust fan to obtain any additional eggs. The 
collected host eggs were placed in test tubes (3 cm x 15 cm) and labeled. 

Collection of Trichogramma pretiosum  and Telenomus remus to be used as egg parasitoids 
This study used one species of Trichogramma (Trichogramma pretiosum, or T. pretiosum) and one species 
of Telenomus (Telenomus remus, or T. remus). They were initially obtained as pupae on an egg card from 
the IPM laboratory of the Entomology Division, BARI, Gazipur. 

Preparation of egg strips 
Paper strips with three different factitious host eggs and one natural host (FAW) were made up, using 
(1) paper strips (10 cm x 1 cm), labeled, (2) acacia powder (Acacia arabica), (3) distilled water, (4) a 
small Petri dish, and (5) a dropper. First, 10% gum acacia was prepared in a small Petri dish by mixing 
acacia powder with distilled water. This was achieved using a dropper to maintain the gum’s proper 
viscosity and thus ensuring it would hold the host eggs firmly on the paper strip. Five hundred eggs 
from each host were then counted out separately, with 100 for each of five hosts placed separately 
on a sheet of paper (10 cm x 10 cm). In this way, a total of 500 eggs were used. To make the host egg 
strip, a small amount of gum acacia was applied by finger to the front of the labeled paper strip. The 
100 eggs from each host counted out earlier were spread carefully on the glued part of the paper 
strip, ensuring just one layer of eggs. Each strip was then labeled with the date, host name, parasitoid 
name and number of eggs per strip. 
 
Parasitoid (Trichogramma and Telenomus) stock cultures 
Emerged T. pretiosum were maintained in C. cephalonica eggs and T. remus were maintained in S. 
frugiperda (FAW) eggs. These parasitoids had been reared in the IPM laboratory of the Entomology 
Division, BARI.  

C. cephalonica eggs were glued with gum acacia (made from acacia power diluted in water at 30%) on 
to white cardboard (10 cm x 1 cm) and then inserted into a glass tube (15 cm x 2.5 cm). They were 
exposed to T. pretiosum, and the tubes sealed with cotton wool and placed in a wooden holder until 
the adults emerged. Parasitoid cultures were maintained at 26ºC ± 2ºC, 70% ± 5% relative humidity, 
and with a natural photoperiod.  

The parasitism efficiency of T. pretiosum was evaluated through a choice test on S. cerealella, C. 
cephalonica, Plodia interpunctella and FAW eggs. One strip containing 100 eggs per host and 20 pairs of 
T. pretiosum were placed together in a test tube (15 cm x 3 cm). Pupae on the point of emergence 
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were taken from the colony stock of T. pretiosum reared in the IPM laboratory, in the form of a strip 
containing 100 pupae/strip in C. cephalonica eggs. In this way, 20 strips of eggs (five each of the eggs of 
S. cerealella, C. cephalonica, Plodia interpunctella and FAW) were parasitized by T. pretiosum. The 20 test 
tubes, each containing a strip of host eggs and one pair of T. pretiosum adults, were labeled with the 
date, number of eggs, host name and parasitoid name, and placed in the paratization chamber. Similar 
procedures were then followed for parasitization by T. remus of eggs from each of the four hosts.  

Each test tube was considered as one replication. The experiment followed a completely randomized 
design and was replicated five times. The least significant difference was used for mean separation after 
analysis of variance. 
 
Parasitism efficiency of Trichogramma pretiosum on host eggs 
A comparative study was undertaken on the rearing of the parasitoid T. pretiosum on the eggs of three 
Lepidopteran factitious hosts (S. cerealella, C. cephalonica, Plodia interpunctella) and FAW (S. frugiperda, 
a natural host), according to different biological parameters: parasitism (%), adult emergence (%) and 
female emergence (%) (Table 6). Table 6 indicates a significant difference in percentage egg 
parasitization of the four host eggs of C. cephalonica, S. cerealella, Plodia interpunctella and FAW, which 
was 81.8%, 31.0%, 33.2% and 85.2%, respectively. The percentage of adult emergence rates were 83.42, 
56.5, 50.33 and 79.90, respectively, with female-biased progeny (Table 6). Adult parasitoid emergence 
from parasitized eggs differed significantly, with the highest number of adults (83.42%) emerging from 
the T. pretiosum parasitization of C. cephalonica host eggs, statistically similar to the T. pretiosum 
parasitization of FAW eggs (79.9%).  
 
Table 6. Parasitism efficiency of Trichogramma pretiosum on the host eggs of Sitotroga 

cerealella, Corcyra cephalonica, Plodia interpunctella and Fall Armyworm 
(Spodoptera frugiperda), under laboratory conditions 

 
Host 

 
Egg parasitization 
(mean ± SE ) % 

 Adult emergence 
(mean ± SE) % 

Female emergence (%) 

C. cephalonica  81.8a 83.42a 80.28 

S. cerealella 31.0b 56.5b 75.59 

Plodia interpunctella   33.2b 50.33b 74.64 

FAW  
(Spodoptera frugiperda) 

85.2a. 79.90a 79.97 

CV (%) 10.00 7.45 NS 

 
 
Parasitism efficiency of Telenomus remus on hosts’ eggs 
T. remus did not parasitize the C. cephalonica, S. cerealella and Plodia interpunctella eggs. It did however 
parasitize the FAW eggs (86.00%); adult emergence rate was 86.92% with 83.05% female progeny 
(Table 7). 
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Table 7. Parasitism efficiency of Telenomus remus on Sitotroga cerealella, Corcyra 
cephalonica, Plodia interpunctella and Fall Armyworm (Spodoptera frugiperda) 
host eggs, under laboratory conditions 
Host 

 
Egg parasitization 
(mean ± SE ) % 

Adult emergence 
(mean ± SE) % 

Female emergence (%) 

C. cephalonica   
Eggs were not parasitized by T. remus S. cerealella 

Plodia interpunctella   
FAW 86.00 86.92 83.05 

 
The Association of Natural Biocontrol Producers and the International Organization of Biological 
Control Subcommittee on Quality Control has developed quality control standards for Trichogramma 
and other natural enemies (Bigler, 1991). These include those for established culture on Sitotroga, 
which are 80% ± 5% egg parasitization, 90% ± 5% adult emergence, and a sex ratio of 1.2:1.5 females 
per male (Greenberg et al., 1996). In this study, the C. cephalonica host followed this standard for an 
established culture of T. pretiosum. Based on the results of this experiment, the most appropriate host 
species for the laboratory rearing of T. pretiosum is C. cephalonica, and it can be mass reared most 
economically. It can be concluded that the rearing techniques used for T. pretiosum and the host (C. 
cephalonica) are acceptably productive and adequate for ensuring the required amount of parasitoids. 
To obtain the highest parasitoid production, it is important to use younger host eggs and Trichogramma 
for parasitization at a standard level. 
 
Mass rearing of Trichogramma pretiosum on Corcyra cephalonica eggs in a no-choice test, 
under laboratory conditions 
 
The mass rearing of T. pretiosum on C. cephalonica eggs was conducted in the IPM laboratory of the 
Entomology Division, BARI, Gazipur, in March, 2022. A no-choice test used test tubes as study areas 
with fresh C. cephalonica (Stainton) eggs, up to 24 hours old (that is, up to 24 hours after female 
oviposition), which were collected from a mass culture of C. cephalonica at the IPM laboratory. C. 
cephalonica eggs were glued to a white paper strip (10 cm x 1.5 cm) using gum acacia (made by mixing 
acacia powder with distilled water), with one strip holding 100 eggs of C. cephalonica and 10 pairs of 
T. pretiosum placed together in an individual test tube (15 cm x 3 cm). Female T. pretiosum wasps up to 
24 hours old were used and allowed to parasitize C. cephalonica eggs for 48 hours. Parasitoid cultures 
were maintained at 26ºC ± 2ºC, 70 ± 5% relative humidity, and with a natural photoperiod. The study 
was designed as completely randomized with 15 replicates. Results showed that T. pretiosum parasitized 
83% of C. cephalonica eggs, with 77.23% adult emergence (81.97% female). From this finding it can be 
concluded that C. cephalonica is a suitable host for mass rearing T. pretiosum.  
 
Table 8. Percentage of egg parasitization, adult emergence and female emergence from 

Corcyra cephalonica host eggs parasitized by Trichogramma pretiosum in a no-
choice test, under laboratory conditions 

 
Parasitoid  Egg parasitization (%)  

(mean ± SE) 
Adult 
emergence (%)  
(mean ± SE) 

Egg-adult 
period (days) 
(mean ± SE) 

Female  adult 
longevity 
(days)  
(mean ± SE) 

Female 
emergence (%)  
(mean ± SE) 

T. pretiosum 83.00 ± 1.26 77.23 ± 1.42 9.90 ± 0.11 9.2 ± 0.22 81.97 ± 1.03 
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Evaluation of the potentiality of using Spodoptera litura eggs for mass-rearing Telenomus 
remus, a promising egg parasitoid of FAW (Spodoptera frugiperda) 
 
This study was conducted to observe the parasitization efficiency of T. remus on eggs of the common 
cutworm Spodoptera litura (S. litura), in the IPM laboratory of the Entomology Division, BARI, Gazipur, 
May–June 2022. A no-choice test used test tubes as study areas and fresh eggs of the S. litura host. 
The eggs were collected from a stock culture of common cutworm at the IPM laboratory and were 
up to 24 hours old (that is, up to 24 hours after female oviposition). The egg mass was either glued to 
white paper (10 x 1.5 cm) with gum acacia (made by mixing acacia powder with distilled water) or 
stapled to card. Female wasps used in the experiments were up to 24 hours old, and allowed to 
parasitize the common cutworm eggs for 48 hours, with four replications. Following the 48-hour 
exposure, parasitism and emergence rates and the duration of the egg-to-adult period of T. remus 
were investigated. 
 
Results showed that T. remus developed successfully on S. litura eggs, with the rates of parasitization 
and adult emergence greater in second generation eggs: the percentage of parasitized eggs was 34.14 
in Generation 1 and 53.36 in Generation 2; the emergence rate was 51.84 in Generation 1 and 63.55 
in Generation 2. Thirteen to fourteen days were required for the emergence of the T. remus adult 
from the eggs; female-biased progeny were found in both generations. The results indicate that S. litura 
eggs are suitable as an alternative host for mass-rearing T. remus, although further studies are needed 
using fresh eggs and younger parasitoids. 

Table 9. Generation-wise parasitism, adult emergence and female emergence of 
Telenomus remus on Spodoptera litura eggs, under laboratory conditions  

Generation Parasitization (%) 
(mean ± SE) 

Adult emergence (%) 
(mean ± SE) 

Female emergence (%) 
(mean ± SE) 

G-1 34.14 ± 11.43 51.84 ± 6.64 74.97 ± 2.44 
G-2 53.36 ± 11.34 63.55 ± 9.30 70.59 ± 1.46 

  
 

 
 

Above: S. litura egg mass to be used 
for rearing T. remus  

Above: rearing T. remus on 
S. litura egg mass 

Above: T. remus parasitizing S. litura 
egg mass 

 
Task 1B5: Survey and record current farmers’ practice of management of FAW 

to identify misuse of pesticides as well as need for registration of safe 
pesticides. 

 
FAW severity, incidence and management surveys to inform mitigation efforts 
 

In 2019-20 Rabi season, 545 farmers out of 777 farmers with FAW pheromone traps located in their 
fields participated in the severity, incidence and management survey. Survey covered aspects such as 
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awareness of farmers on FAW (ability to identify the worm) and management techniques (pesticides, 
handpicking etc.) used by farmers and how they reacted to the presence of FAW on their fields (what 
crop stage and what kinds of pesticides are sprayed, time of insecticide spray, rounds)  in addition to 
their general agronomic practices (Maize varieties, tillage, fertilizer, herbicide application intercrops, 
planting dates etc.) that may affect FAW severity, Additionally, a matching sample of 498 non-
monitored farmers for further assessment, which provides an aggregate sample of 1,043 maize farmers. 
In the control sample also, socio-economic information, data on agronomic practices and farmers’ 
decision making in relation to Fall Armyworm infestation were collected.  

 
For 2020-21 Rabi season, 678 farmers had pheromone 
traps located in their fields and the severity, incidence and 
management survey was conducted 1177 farmers 
including 600 non-monitored control farmers during 
August-September 2021. Because of COVID-19 
restrictions, field level data collection through face-face 
interviews was avoided and data was collected through 
telephonic surveys similar to first round of survey. For 
the collection of phone numbers and contact information 
of farmers (monitored and control), an additional survey 
module among SAAOs in charge of the FAW pheromone 
traps wase deployed. The following figure X1 shows the 
location of FAW traps in 2019-20 and 2020-21 Rabi 
season.  
 
 

Above: FAW pheromone trap locations in 2019-20,  
 2020-21 & 21-22 Rabi (Winter season)  
 
For 2021-22 Rabi season, 397 farmers had pheromone traps located in their fields, The third round of 
survey collected data from 297 farmers of the farmers with traps located in the fields in September 
2022. Similar to other two rounds, data was collected by telephonic surveys. The data generated in 
2019-20, 2020-21 and 2021-22 is used to assess the damage levels caused by fall armyworm using 
structural equation models. The completed model results shows moth counts in pheromone traps 
significantly predicted the combined damage score reported in the field showing the efficacy of the 
monitoring program. In case of 1st and 2nd round of survey, around 50% of farmers expressed that they 
are only partially confident on controlling FAW in their field while it dropped to 35% in third round 
of survey. The spaying behavior i.e. scouting and proper spraying of pesticide offset the yield damage 
by 0.3 tons per ha, which is more important than the number of pesticide sprays. Around 35-40% of 
the surveyed farmers are now using effective pesticides again fall armyworm, which shows the 
effectiveness of the extension efforts, but continued support is required.  
 
Objective 2: Increase the capacity of Bangladesh agricultural stakeholders including 
academia, local lawyers, financial institutions, government, media, civil society, the 
private sector and value chain actors, to implement IPM measures 
 
Activity 2B: Involve stakeholders in the management of FAW and implementation of 
IPM for selected crops 
 
Task 2B1: Identify and provide training for NARS scientists and DAE officials as master 
trainers in FAW management 
 
FAW invaded Bangladesh for the first time in November 2018. In response, and particularly in light 
of its destructiveness experienced by other countries, the Government of Bangladesh along with a 
number of national and international institutions initiated massive awareness, monitoring and 
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management activities to combat this new, invasive pest. As part of this drive, CIMMYT, in 
collaboration with DAE and other NARS institutes, has arranged several training programs for field-
level officials, to develop master trainers with the capacity to tackle FAW during both rabi and kharif 
season of 2021–22. During the rabi season 2021–22, CIMMYT organized three Training of Trainers 
programs for DAE cadre officers and SAAOs. One was for district and upazila-level cadre officers 
from 25 maize-growing districts, and HQ, Khamarbari, Dhaka (18–19 December 2021). The other 
two were for SAAOs from 25 selected major maize districts, and scientists from BWMRI and BARI, 
held at BRAC Learning Center, Noshipur, Dinajpur (20–23 December 2021), where 90 trainers were 
trained. During kharif 2022, CIMMYT organized three more trainers training programs for DAE cadre 
officers, NARS scientists and SAAOs. One program was also for district- and upazila-level cadre 
officers from 10 kharif maize-growing districts and scientists from BARI and BWMRI (29–30 March 
2022). The other two programs were for SAAOs from the same 10 selected major kharif maize 
districts, held at BRAC Learning Center, Nashipur, Dinajpur (23–24 and 27–28 March 2022). The 
total number of participants for both the rabi and kharif 2021–22 training was 180. The main objective 
was to involve stakeholders in the management of FAW and the implementation of IPM for selected 
crops, through the USAID-funded consortium Virginia Tech–CIMMYT–Michigan State University for 
IPMA. These six training programs have successfully developed ideal master trainers, each with the 
individual capacity to teach extension personnel and farmers about the introduction, identification, 
monitoring, scouting and integrated management of this devastating pest. 
 
The format of the two-day residential training program was unique. The first day began with a half-
day briefing on the introduction and identification of FAW and the primary monitoring and scouting 
system, followed by a visit to a nearby pre-selected maize field considerably infested with FAW to 
obtain practical experience of the theory learned in the morning. On the second day participants 
learned details of monitoring and scouting, and integrated management of the pest, through practical 
PowerPoint presentations and videos, and discussed lessons learned. They then returned to the 
BWMRI maize fields to visit several ongoing management-related studies, which again provided them 
with the opportunity to verify their thoughts about the scouting and management of FAW.    
 

Another important part of the training was a practical session on the use of smartphone applications 
to monitor FAW, which the Activity has developed for the National FAW Task Force and DAE. 
Trainees learned how to enter data, monitor SAAOs (this was for DAE cadre officers), and use the 
app for data entry (for SAAOs, who will be directly involved in the data entry system). Hands-on 
training was also provided to participants on the solar-operated, self-cleaning and auto-count Trapview 
monitoring system, including its overall use and maintenance, and how to analyze and use the data it 
obtains for FAW and other invasive pest forecasting. Importantly, the training developed participants’ 
confidence in fighting FAW. 
 
The program trained a total of 89 Government of Bangladesh officials (18% of whom were women), 
26 DAE cadre officers and four scientists from BARI and BWMRI, as well as 55 SAAOs and four 
BWMRI Scientific Assistants, in three batches. It assessed trainee with pre- and post-training 
questionnaires. Later on, through a telephone survey the participants were asked the same post-test 
questions to assess what they have retained. However, immediate significant improvement in 
knowledge (from around 45% to 96%) of aspects of FAW identification, monitoring, scouting and 
integrated management was observed in all participants. The greatest improvements were seen in by 
the front-level extension officials (the SAAOs).  
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Above: FAW kharif ToT was inaugurated by the 
Director General of BWMRI. The Program Director 
of CIMMYT was present as Special Guest 

Above: the Director of the Plant Protection 
Wing, DAE was present as Chief Guest during the 
ToT of the Cadre Officers 
 

  
Above: the training program in the classroom, facilitated via PowerPoint presentation, videos etc. 

 
  

Above: hands-on training in the maize fields, covering FAW monitoring, scouting and management 
 

  
 

 

Above: hands-on training in the field, scouting for FAW infestation Above: trap registration as part 
of FAW monitoring 
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Task 2B2:  Development of Bangla language FAW IPM educational materials 
 
In light of its destructiveness in other countries, when FAW invaded Bangladesh in November 2018 a 
factsheet on its identification and management was rapidly developed by the government-led National 
Task Force, which had been developed by CIMMYT in January 2020. However, since then, numerous 
studies have been conducted by National Agricultural Research System (NARS) institutes with the 
technical support of CIMMYT and financial support of the USAID Fighting Back Against Fall Armyworm 
Activity and FAO, and the National Task Force decided that the factsheet needed updating. The 
updated version, developed by CIMMYT, incorporates information on monitoring and scouting (using 
CIMMYT/DAE apps), major infestation period, lifecycle (under Bangladesh conditions), management 
options (especially by incorporating recently registered products), agro-ecological management and 
IPM packages. The two-pager was validated by the relevant BARI, BRRI and BWMRI scientists, and 
then circulated to all Task Force members and academicians for comments and suggestions. After 
approval by the Task Force, 55,000 copies of the final version were printed. Its distribution to the 
related extension, research and academic institutes is on-going. 
 
Task 2B2:  Develop Bangla language educational videos on FAW management and FAW 
IPM educational materials  
 
In light of the destructiveness of FAW experienced by other countries, the Government of Bangladesh 
and other national and international institutions have initiated massive awareness, monitoring and 
management activities to combat this new, invasive pest. These include a series of videos, developed 
by CIMMYT, on FAW identification, monitoring and management. With financial assistance from 
USAID-funded consortium Virginia Tech-CIMMYT–Michigan State University for IPMA, a video on 
FAW monitoring and integrated management technologies was developed in collaboration with BARI 
and BWMRI. This will be telecasted during next maize season on the agricultural program of different 
TV channels, and shown to the farming community as part of training programs and farmers gatherings.  
 

              
 

Above: filming a FAW information video for farmers. Entomology Division, BARI maize field 
 
Link to the video: https://www.youtube.com/watch?v=x23izk1Bfm4 
 
Task 2B4: Conduct workshops for private sector, local lawyers, officials from financial 
institutions, media and civil society on FAW management, in collaboration with FAW 
National Taskforce. 
 
Workshops: It was decided at the ninth FAW National Task Force meeting to arrange several 
workshops to present and discuss the latest developed technologies on FAW’s monitoring and 
integrated management. Two national knowledge-sharing workshops, “Fighting Back Against Fall 
Armyworm: Integrated Pest Management Solutions” were thus held at BARC, Dhaka (22 June, 
2022) co-sponsored by the CIMMYT–Virginia Tech IPMA project and BARC, and at BWMRI, 
Dinajpur (13 August, 2022), sponsored by USAID-funded consortium Virginia Tech–CIMMYT-
Michigan State University for IPMA.  
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National workshops at BARC, Dhaka: The workshop had 168 participants2 and three 
sessions. The inaugural session was chaired by Dr. Shaikh Mohammad Bokhtiar, Executive 
Chairman, BARC, and Ms. Wahida Akter, Additional Secretary (Admin), with the Ministry of 
Agriculture as Chief Guest and DGs of DAE, BARI and BWMRI as Special Guests. Mr. Jacob Morrin, 
Acting Deputy Director, Economic Growth Office, USAID Bangladesh was Guest of Honor and Dr. 
Timothy J. Krupnik, Country Representative, CIMMYT, Bangladesh presented the keynote paper. In 
Technical Session 1, chaired by Dr. Md. Aziz Zilani Chowdhury, Member Director (Crops), BARC, 
papers were presented by BAU, BARI, BWMRI and FAO on the most recent developments in 
monitoring and management of FAW in Bangladesh. In the afternoon Planning Session, moderated by 
Dr. Syed Nurul Alam, Former Director, BARI and Senior Consultant, CIMMYT, participants were 
divided into two groups to develop and discuss IPM strategies for tackling FAW, for rabi maize (Group 
1) and kharif maize (Group 2).  
 

National workshops at BWMRI, Nashipur, Dinajpur: There were 83 participants3 in the 
workshop, which had two sessions. The inaugural session was chaired by Dr. Golam Faruq, 
DG, BWMRI; Mr. Md. Sayedul Islam, Secretary Ministry of Agriculture was the chief guest, 
while Dr. Shaikh Mohammad Bokhtiar, Executive Chairman, Bangladesh Agricultural Research Council 
(BARC), Mr. Md. Abdul Wadud, Executive Director (Add. Secretary), Bangladesh Institute of Research 
and Training on Applied Nutrition (BIRTAN), Mr. Md. Benojir Alam, Director General (DG), 
Department of Agricultural Extension (DAE), Dr. Debasish Sarker, DG, BARI, Dr. Mirza Mofazzal 
Islam, DG, Bangladesh Institute of Nuclear Agriculture (BINA), and Dr. Timothy J. Krupnik, Country 
Representative, CIMMYT Bangladesh were presented as Special Guests. Dr. Krupnik also presented 
the key note speech, where he showed the collaborative works of Ministry of Agriculture, different 
NARS institutes (BARI, BWMRI, BRRI, DAE), different international institutes (CIMMYT, CABI, FAO) 
and other NGOs and private organization regarding the overall management of FAW in Bangladesh. 
The technical session was chaired by Dr. Shaikh Mohammad Bokhtiar, Chairman, National Task Force 
Committee for Fall Armyworm Management in Bangladesh and Executive Chairman, BARC. Three 
technical papers were presented in the session by BWMRI, DAE and FAO, and the following 
recommendations undertaken in the technical session:  
• Awareness program on FAW monitoring and integrated management should be strengthened in 

the upcoming seasons.  
• Promotional activities (leaflet distribution, video show, training arrangement) on the latest 

technologies of the FAW management should be continued and strengthened. 
• Efforts should be made by private and public institutes to make bio-pesticides which combat FAW 

available to farmers. 
• Care should be taken in recommending and using chemical insecticides for the management of 

FAW: only registered chemical insecticide(s) must be recommended. 
 
 
 
 
 
 

 
2 Participants were from the Ministry of Agriculture, GOB (3); DAE (58, all Deputy Directors/Additional Deputy Directors Plant Protection of 
major maize-growing districts along with officials from Field Service, Plant Quarantine and Plant Protection wings); National Agricultural Research 
System (NARS) institutes: Bangladesh Agricultural Research Council (BARC), Bangladesh Agricultural Research Institute (BARI), Bangladesh Rice 
Research Institute (BRRI), Bangladesh Institute of Nuclear Agriculture (BINA), Bangladesh Sugar Crop Research Institute (BSCRI) and Bangladesh 
Wheat and Maize Research Institute (BWMRI) (56); 13 participants from various agricultural universities: Bangladesh Agricultural University 
(Mymensingh), Sher-E-Bangla Agricultural University (Dhaka), Bangabandhu Sheikh Mujubur Rahman Agricultural University (Salna, Gazipur), 
Sylhet Agricultural University (Sylhet), Patuakhali Science and Technology University (Patuakhali), Hazi Danesh Science and Technology University 
(Dinajpur), and Khulna University (Khulna); 28 participants from private sector maize seed and pesticide companies, two each from USAID (2) and 
FAO (2), IPMA project, Virginia Polytechnic Institute and State University, (Virginia, USA) (3), and CIMMYT (3). 
3 Ministry of Agriculture, GOB (3); (12), Hazi Danesh Science and Technology University (HDSTU) (06); National Agricultural Research 
System (NARS) institutes (NARS) (58): Bangladesh Agricultural Research Council, Bangladesh Agricultural Research Institute (BARI), 
Bangladesh Institute of Nuclear Agriculture (BINA), Bangladesh Wheat and Maize Research Institute (BWMRI); CIMMYT (2) and FAO 
(2). 
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National workshops at BARC, Dhaka, in pictures: 
   

    
Guest speeches, inaugural session    Speech by Chief Guest     Speech by Chairperson, inaugural  

   Session 
 

   
  Speech by Guest of Honor           Key note presentation:        Workshop participants   
                                                    inaugural session 
 

   
          BAU presentation                     FAO presentation:               Question-and-answer session 

      Technical session 1 
 

   
         Planning session             Group-wise participatory discussion and IPM package development 
 
 
 
 
 
 
 
 
 
 
 
 


