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Integrated Weed Management Strategies for
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ABSTRACT
Weed causes huge reduction in crops yield, increases cost of cultivation, reduces input efficiency,
interferes with agricultural operations, impairs quality, act as alternate hosts for several insect and
diseases .Yield loss due to improper weeding at farmer’s field ranged from 4 to 22% depending on
different rice ecosystem in Bangladesh. But at present considering all the cultivable land across the
country and other issues; yield loss due to weeds considered about 2% in a consultation meeting.The
present weed control practices in Bangladesh are characterized by intensive use of manual labour,
use of herbicide and certain mechanical weeding. Manual weeding, besides laborious is inefficient as
it is not done in time in most of the cases and always not practical because of various adverse
conditions. Cost effective and integrated weed management system should be adopted to increase
economic gain and sustainable rice production. Adopting timely and effectively appropriate weed
management techniques we can reduce a significant amount of yield loss and about 0.43 million ton
(MT) additional yield could be increased by 2030. To achieve the target weed management should be
done from the very beginning of rice production and up to 30-35 DAP (days after planting) for Aus
season, 35-40 DAT (days after transplanting) for T. Aman season and 40-45 DAT for Boro season
which indicates critical period of weed infestation in Aus, T. Aman and Boro season. The main
approach is that rice field have to keep free from weed up to that days by 2/3 hand weeding (HW)
or application of herbicide fb (Followed by) 1HW or applying weeder fb 1HW which is called
integrated weed management. Herbicide should be applied at proper time and dose which reduce
61% weeding cost. Mechanical weeding (MW) reduces 50% weeding cost that keeps environment
friendly. Future weed science research specially herbicide efficacy with correct time and dose, new
molecule herbicide with low environmental effect, herbicide residues in soil plant system,
bioherbicide, allelopathic variety, weed competetive variety, mechanical weeder with related
technological developments need a multidimensional approach for ecologically sustainable
integrated weed management. Such a system will work toward a socially permissible,
environmentally sound, economically feasible, productive and sustainable agricultural system.
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INTRODUCTION
Weeds reduce rice yield by competing for space,
nutrients, light, and water, and by serving as
hosts for pests and diseases. Under farmers’
conditions, sometimes weed control is not
generally done properly or timely, resulting in
severe yield reduction. Weeds are recognized as
major biological constraints that hinder the
attainment of optimal rice productivity in
Bangladesh.During peak periods of labour
demand, weeding often is done late, causing
drastic losses yield in rice. Farm families
typically are unable to do all their own weeding
and need to hire labor. Two to three HW or MW
by BRRI weeder including HW in the plant to
1Principal

plant gap or herbicide application followed by a
HW (if needed) are easier, cost-effective and the
latest weed management options in rice
cultivation in Bangladesh (Bhuiyan et al., 2011;
BRRI, 2014). The yield gap was as high as 1 t ha-1
with 30% of farmers losing in excess of 500 kg
ha-1 (Ahmed et al., 2001) for improper weeding.
In direct wet seeded rice about 82% yield loss
occurs if not weeded ( Bhuiyan, 2016). Table 1
presents yield loss percentage due to improper
weeding in the farmer’s field in Bangladesh
which is reportedly 4.25 to 20% depending on
different rice cultures (BRRI, 2006, Bhuiyan et al.,
2018). Weeds were reported to cause yield loss
of 5% in commercial agriculture, 10% in semicommercial agriculture, 20% in subsistence
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agriculture in India (Choudhury and Singh,
2015). The contribution of production factors to
rice grain yield depends on seasons and
ecosystems. Fertilizer largely contributes to rice
yield in all the ecosystems followed by weed
control. Each rice ecosystem has a critical period
of weed infestation. After that grain yield
reduces drastically for each day crop weed
competition. Weed management strategies
diverted from non-chemical weed management
to the use of herbicide options for not only
increasing its availability and selective
effectiveness but also become popular due to
shortage of labour and cost-effectiveness. Hence,
there is a great need to popularize cost-effective
weed management technologies. Though the
increased number of herbicides introduced into
the market is a reflection of the popularity of the
herbicides as a tool for weed management.
Systematic studies to assess the impact of
improved weed management technologies are
required in Bangladesh. Effective weed control
requires knowledge of the names, distribution,
ecology, and biology of weeds in the ricegrowing regions. No single weed-control
measure gives continuous and best weed control
in all situations. Various weed control methods
including complementary practices, hand
weeding, mechanical weeding, chemical
weeding, biological control, and integrated
approaches are available (De Datta, 1981). These
methods need to be fine-tuned for specific
regions, ecosystems, cropping systems, and
economic groups.
Consequently, there is a great need for a
new weed management paradigm in modern
agriculture (Bajwa, 2014) based on ecological
principles and non conventional weed
management approaches. These approaches
may offer more durable weed management
solutions to lessen problems of herbicide
resistance, environmental pollution, weed
diversification, weed invasion, and yield losses
(Chauhan, 2013; Singh, 2007; Travlos, 2013).
Even more, these approaches will facilitate the
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development of integrated weed management
(IWM) strategies which could spearhead the
strengthening and broadening of the ecophysiological and evolutionary basis of weed
science. The “many little hammers” concept
(Liebman and Gallandt, 1997) and the “use of
technological advancement” (Young et al.,
2017) are two major IWM components that are
gaining momentum (Menalled, 2018). As the
number of herbicide-resistant weed ecotypes
increases and the discovery of new herbicide
modes of action (MOAs) declines (Strek, 2014),
the need to utilize all available weed
management options is crucial.
This study presents a review of modern
technologies and approaches and new uses of
old technologies and tools suitable for IWM.
Following three opinions to be considered for
sustainable rice yield; (i) Minimizing rice yield
loss by appropriate weeding; (ii) Productivity
could be increased by safe use of herbicide;
and, (iii) Environmentally and sustainable
integrated weed management practices. With
the above background, this paper undertook
four specific objectives in relation to rice weed
management in Bangladesh: (i) Presentation of
the changing status of weed management
options (ii) Management status of major weeds
in rice ecosystem and their dominance ranking
(iii) Highlighting the scenarios of yield loss
associated with improper weeding; and, (iv)
Development and mapping the action plan for
three decades on reducing yield loss from the
weeds.
MATERIALS AND METHODS
Yield loss from improper weeding in the
farmers' field was determined by performing a
group discussion of agronomists, statisticians,
and other scientific personnel with the current
secondary and reviewed data. It was assumed
realistic yield loss from improper weeding in
different rice cultures in different agronomic
management was about 1.9% (Kabir et al., 2020).
It has been
reviewed from different

experimental data that different weed
management practices like hand weeding in
improper time, selection of wrong herbicide,
herbicide applied in inappropriate time, lacking
knowledge of crop weed competition may
reduce a certain level of yield. Table 2 presents
the baseline yield loss data from different
agronomic management (including yield loss
from weeds). Action plans for 2021-2030, 20312040, and 2041-2050 for minimizing yield loss
due to weeds were developed considering
available weed management options. New
options like bioherbicide and development of
allelopathic variety were also considered.
Moreover, the residual effect of herbicide in
grain and straw and soil microorganism studies
was also taken into consideration.

Oerke and Dehne, 1997; Tamado et al., 2002).
Yield data of farmers’ practice are used to
estimate actual yield losses in diﬀerent crops
whereas; yield data of weedy check plot are
used to estimate the potential yield loss in
relation to weed-free situation. Actual and
potential yield losses usually calculate using
following formulas as given in Milberg and
Hallgren (2004); Galon and Agostinetto (2009);
Soltani et al. (2016):

RESULTS AND DISCUSSION

Where, WFy – crop yield in weed-free
situation, FPy – crop yield in farmers' practice,
and WCy – crop yield in weedy check plot.

Minimizing yield loss by appropriate weeding
Assessment of crop yield and economic losses
due to weeds in rice is an important aspect of
this study which helps in formulating
appropriate management strategies against
weeds. In general, the yield loss due to weeds
is almost always caused by a group of diﬀerent
weed species, and these weeds may have
substantively diﬀerent competitive ability
(Weaver and Ivany, 1998; Milberg and
Hallgren, 2004). Practically, it is very diﬃcult
to estimate the yield loss due to single weed
species, and therefore, it is estimated as the
collective eﬀorts by all the weeds. Most of the
studies conducted in the past are more or less
based on the experimental data which may not
be always representative for ﬁeld situation.
Although estimation of yield losses from the
experimental situation is subjected to local
eﬀects and sometimes it is valid only for some
cropping situation, it may be diﬃcult to
extrapolate the results for farmers' yield losses
(Milberg and Hallgren, 2004). Further, it is
more realistic to establish results from ﬁeld
trials comparing the diﬀerent treatments in the
farmers' ﬁeld (Walker, 1983; Zanin et al., 1992;

Actual yield loss due to weeds
=(

)

… … … …(i)

Potential yield loss due to weeds
=(

)

Grain yield losses due to weed
competition would be less severe under the
transplanting method than those under directseeding. Globally, rice yield losses due to
weeds have been estimated at 10% of total
production (Oerke and Dehne, 2004). Table 1
shows yield loss due to improper weeding in
different rice cultures in Bangladesh and major
rice-growing countries in Asia depending on
different rice cultures. Rice yield losses (%)
due to uncontrolled weed growth, improper
weeding and weed competition were least
(4.25%) in transplanted rice (Bhuiyan et al.,
2018), although it varies from 40-100% in
direct-seeded rice in Bangladesh. In India, it
varies 12-69% in transplanted rice and 17-98%
in direct-seeded rice. In different countries
yield loss (%) varies depending on different
rice cultures and weed management issues. In
India, the study revealed that potential yield
losses were high in case of direct-seeded rice
(15–66%) and transplanted rice was 13.8%
(Gharde et.al., 2018). It has been estimated that
rice yield decreases by 0.75 kg for every 1 kg of
weed biomass produced (IRRI, 2003).
Weed Management
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Yield loss due to weeds is dependent
mainly on the growth of weed biomass. There
is a linear relationship between yield loss (%)
and weed infestation. Figure 1 indicates that
higher the weed infestation in terms of weed
biomass higher the yield loss. It varies from 282% depending on weed control measures in
transplanted and direct-seeded rice. Weed
biomass (Fig. 1a) was calculated from the
model, y= 0.6464x-3.9319, R2 = 0.8463** where Y
= % yield loss, x = weed biomass. The equation
showed that the coefficient of weed biomass (g
m-2) is 0.6465, indicated that increase in every
additional biomass we expect a certain % of
yield loss of rice. From the equation estimated
weed biomass accumulation was 21.54 g m-2
considering 10% yield loss in direct-seeded
rice. In transplanted rice (Fig. 1b) it is estimated
an average of 7.44 g m-2 weed biomass if
considered 10% yield loss. But we have to
reduce yield loss up to a certain level from 2021
to 2030 and beyond gradually. Uncontrolled
weed growth occurred the highest weed

infestation that caused the highest yield loss.
Farmers who control weed but not timely and
effectively cause medium weed infestation and
yield loss. Where weed infestation is naturally
less and weeded timely and accurately poses
low weed infestation and minimum yield loss.
Need to take necessary measures to reduce
weed infestation at a low level by using
different weed management tools timely and
effectively. In that case, we have to follow
integrated weed management options to keep
yield loss minimum. In a consultation meeting
of BRRI with agronomists, weed scientists and
economists considered that national yield loss
due to weeds may 1.9% (Kabir et al., 2020). We
projected yield loss will be decrease @ 10% in
each five years with appropriate and proper
weeding. Thus yield loss from weeds will be
decreased from 1.9% to 1.33% in 2030. As a
result yield loss will be minimized and about
0.43 million ton of additional clean rice would
be produced.

Table 1. Yield loss due to weeds in rice established by different methods in Bangladesh and major rice-growing Asian
countries.
Country
Bangladesh

India
Pakistan
Nepal
Srilanka
Philippines
South Korea
Malaysia

Yield loss (%)
Transplanted rice
15-40

Direct seeded rice
40-100

Reference

Ahmed et al., 2005; Mazid et al., 2001 (Used different weed
control methods)
22.36
Mamun (1990)
(Modern Boro)
(Improper weeding)
8.69 (Boro)
IRRI, 2003; BRRI, 2006
(Improper weeding)
14-48 (T. Aman)
Mamun (1990)
(Improper weeding)
20.07 (Aus)
IRRI, 2003; BRRI, 2006
40 - 58.96
BRRI, 1981 (Two season experiment); Mamun, 1990 (A
(T. Aman)
review article); Sarker 1996 (Field experiment, used
different weeding methods)
12.35 (T. Aus)
IRRI, 2003; BRRI, 2006
4.25 (Boro and Aman) Bhuiyan et al., 2018 (Used different weed control methods)
12-69
17-98
Kathirvelan and Vaiyapuri 2003; Rammohan et al., 1999;
Singh et al., 2011
24-56
80
Hussain et al., 2008; Khaliq et al., 2011
7-70
14-93
Pandey, 2009; Ranjit et al., 1989
20-40
20-40 or higher (WSR) Chauhan et al., 2013; Marambe 2009; Marambe et al., 2015
11-63
Rao and Moody, 1994; Zhao, 2006
40-100
Kim and Ha, 2005
10-35
Karim et al., 2004
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Fig. 1a-1b. Yield loss due to weed infestation in transplanted and direct-seeded condition.
Table 2. Yield loss (%) due to different agronomic factors.
Agronomic factor
Time of sowing/transplanting
Seedling age
Spacing
Weeds
Fertilizer (dose and timing)
Other agronomy management (seed quality, tillage etc)
Total

Yield loss (%)
4.75
2.50
1.20
1.90
4.00
1.00
15.35
Source: Adopted from Kabir et al., 2020

When to weeding to overcome yield loss?
The climate of Bangladesh is hot and humid
which favours weeds to germinate vigoursely.
Weeds commonly found in Bangladesh about
350 species are recorded in Asian countries,
these weeds cause roughly 33% of total crop
loss in different crops (CIMMYT, 2011). The

number of species and density of weed in an
area depends on the land use pattern,
associated crops, and its ecological conditions.
Among the weed species commonly found,
about
one-third
of
plants
are
monocotyledonous and the remaining plants
are dicotyledonous. There are many weed
Weed Management
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grows in the rice field of Bangladesh. From
which Tables 3 and 4 list nine harmful1 weeds
in lowland rice and ten harmful weeds in
upland rice (BRRI, 2006).
Table 3. List of nine major harmful weeds of lowland in
Bangladesh.
Common name
Shama
Gaicha
Halde mutha
Bara chucha
Bara javani
Chechra
Pani kachu
Jhil marich
Pani long

Scientific name
Echinochloa crus-galli
Paspalum disticum
Cyperus difformis
Cyperus iria
Fimbristylis miliacea
Scripus maritimus
Monochoria vaginalis
Sphenochlea zeylanica
Ludwigia octovalvis

Group
Grass
Grass
Sedge
Sedge
Sedge
Sedge
Broad leaf
Broad leaf
Broad leaf

*Photograph of weeds have been listed in appendix 1a
Table 4. List of ten major harmful upland weeds in rice
field.
Common name
Khudey shama
Durba
Ulu
Chapra
Kakpaya grass
Anguli grass
Mutha
Kesuti
Kata notey
Kanainala

Scientific name
Echinochloa colona
Cynodon dactylon
Imperata cylindrica
Elusine indica
Dactyloctenium aegyptium
Digitaria sanguinalis
Cyperus rotundus
Eclipta allba
Amaranthus spinosus
Commelina diffusa

Group
Grass
Grass
Grass
Grass
Grass
Grass
Sedge
Broad leaf
Broad leaf
Broad leaf

juncoides > Cynodon dactylon > Monochoria
vaginalis> Cyperus iria>
Cyperus difformis>
Sphenoclea zeylanica >Fimbristylis miliacea. In
different agricultural regions, it almost originates
similar with little variations on different
ecosystems.
Table 6 shows a critical period of weed
infestation in Aus, Aman, and Boro seasons. The
main principle is that we have to keep rice weedfree up to that time by 2/3 HW (hand weeding)
or application of herbicide fb (Followed by) 1HW
or applying weeder fb 1HW. We have to prevent
competition of weed and rice. These techniques
involved integrated weed management. Not a
single method is enough to control weeds in time
properly. Integrated weed management could be
followed for minimizing yield loss due to
improper weeding (Table 7). Farmers can follow
hand weeding, weeder, or herbicide whatever
they choose. However, weed management
should be done from the very beginning of rice
production and specific stage of the rice life cycle.
Different weed management options
During land preparation


Weed control during land preparation is
crucial to reduce the amount of weed
pressure in the field.



Land preparation should start at least 7-10
days before planting. Plowing destroys
weeds and remaining stubbles from the
previous crop.



Weeds should be allowed to grow before
the next cultivation. In addition, the
proper leveling of field helps to retain a
constant water level that controls weeds.

*Photograph of weeds have been listed in appendix 1b

The summed dominance ratio (SDR) is more
informative than any single measure in reflecting
the contribution of a species in the community. It
indicates the most harmful and dominating
weed species grown in a crop field. Table 3 and 4
indicate topmost harmful weeds in lowland and
upland conditions found in Bangladesh. Based
on harmful effect, dominance, and aggressivity.
Some dominating weeds were identified in
transplanting and direct seed rice in Table 5. The
most dominant weed species were arranged in
the order of Echinochloa crus-galli > Scirpus
1A

harmful weed is a weed that has been designated by an
agricultural or other governing authority as a plant that is
injurious to agricultural or horticultural crops, natural
habitats or ecosystems, or humans or livestock.
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Weed control in the nursery


Land should be prepared two weeks
before seeding.



If there are weed seedlings in the nursery
bed, separate them from rice seedlings
during pulling and bundling to avoid
planting weeds.

Table 5. Weed dominance ranking (most harmful weeds) in rice cultivation.
Dominance ranking
1
2
3
4
5
6
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
9
10
11
12
1
2
3
4
5
6
7
8
9
10
11

Weed
Transplanted rice
Echinochloa crus - galli
Scirpus juncoides
Cynodon dactylon
Cyperus difformis
Marsilea minuta
Monochoria vaginalis
Transplanted rice
Cyperus difformis
Echinochloa crus - galli
Scirpus juncoides
Monochoria vaginalis
Marsilea minuta
Cynodon dactylon
Sphenoclea zeylanica
Eclipta alba
Direct seeded rice
Scirpus juncoides
Echinochloa crus - galli
Cynodon dactylon
Cyperus iria
Cyperus difformis
Sphenoclea zeylanica
Monochoria vaginalis
Marsilea minuta
Lindernia floribanda
Leptochloa chinensis
Ludwigia octovalvis
Fimbristylis miliacea
Transplanted rice
Echinochloa crus - galli
Scirpus juncoides
Monochoria vaginalis
Cyperus iria
Digitaria sanguinalis
Leersia hexandra
Panicum repens
Cyperus difformis
Nymphaea nouchali
Marsilea quadrifolia
Fimbristylis miliacea

Reference

Bhuiyan et el., 2017

Mahbub and Bhuiyan, 2019

Bhuiyan, 2016

Islam et al., 2017

Table 6. Critical period of weed infestation in rice culture.
Season

Critical period (day) of weed infestation in rice
Direct seeded rice (DAS)

Transplanted rice (DAT)

Aus

30-35

30-35

Aman

45-50

35-40

Boro

55-75

40-45
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Table 7. Integrated weed management to reduce rice yield loss due to weed infestation.
Cultural management
 Use weed-free seed
 Proper land preparation and practice stale
seedbed technique
 Water management
 Manual weeding 2-3 times as needed. To avoid
competition weed during 15, 30 and 45 DAT

Mechanical control
 BRRI weeder (15 DAT) +
1 HW in 30-35 DAT
 Power operated weeder
+ 1 HW in 30-35 DAT

Weed control during early growth stage
Weed control is critical after planting until the
rice canopy is fully covered. Control methods
vary depending on the rice ecosystem and
planting method.
Weed control in transplanted rice
 Apply pre-emergence herbicide (e.g.,
pretilachlor or butachlor or bensulfuron
methyl + acetachlor) fb 1HW if needed.
 If grass weeds are the main weed problem,
apply early post-emergence herbicide (e.g.,
pyrazosulfuron
ethyl,
ethoxysulfuron,
phenoxlum etc.) fb 1HW if needed.
 Do not allow soil surface to dry after
transplanting. Keep the soil moist to
saturated. Dry soil reduces the performance
of pre-emergence herbicides.
 If herbicides have not been applied, or if
weeds are emerging, it is required to use
BRRI weeder to control weed seedlings that
are at 3−4 leaf stages.
 In case of hand weeding it should be done
properly at 15-18 DAT( 1st weeding), 30-35
DAT( 2nd weeding) and at 40-45 DAT( 3nd
weeding) besides timely until rice is fully
covered by a canopy.If weed competetion is
low then weeding twice at 15-18 DAT and at
40-45 DAT.
 Rice crops must be kept weed-free by any
method up to 30-45 DAT to get optimum
yield.
Weed control indirect wet seeded rice by
broadcasting/drum seeding
 Apply pre-emergence herbicide (e.g.,
pretilachlor + fenclorim 2−3 DAS or post140 Bhuiyan et al.

Chemical control
 Use Pre/post-emergence herbicide
 Herbicide fb 1HW (35-45 DAT)
 Maintain safe use of
right
herbicide(s) with right time, right
dose, right method and
with
proper protection
Source: Bhuiyan et al., 2018

emergence e.g. Pyrazosulfuron ethyl at 1012 DAS).
 For post-emergence herbicide application,
drain water in the field to expose weeds,
then spray herbicide. (Note: Post-emergence
herbicide should come in contact with
leaves of weeds to be absorbed by the
weeds. When weeds are submerged in
water, post-emergence will not be effective).
 Do not allow the soil surface to dry after
seeding. Flush irrigate as needed to keep the
soil moist to saturated. A dried soil surface
will reduce the performance of preemergence herbicides.
 If herbicides have not been applied, or if
weeds are emerging, may use BRRI weeder
in a row-seeded crop to control weed
seedlings that are at 3−4 leaf stages.
 Irrigate one day later to prevent buried and
uprooted weeds from recovering.
 Hand weed as needed until rice canopy is
covered.
Weed control in dry seeded rice


A weed-free field is essential for early
vigour in a dry-seeded rice crop. Be sure to
follow steps for weed control during land
preparation to avoid yield loss to weeds.



Apply pre-emergence herbicide (e.g.,
oxadiazon, pendimethalin or oxadiargyl )
in moist soil during 2−3 DAS. If the seed
is sown on dry soil, flush irrigate the field
first
then
spray
the
herbicide.
Pendimethalin works well in dry soil.



Post-emergence herbicides like Bispyribac
sodium SC or penoxulam 240SC could be
used at 20 DAE.



If herbicide is not used to control weeds,
hand weeding is required to control weed
pressure.

weed seeds in the soil (Should remember:
“one year of seeds, seven years of weeds”).


Crop-weed competition. Select a weedcompetitive variety with early seedling
vigor, and high tillering to suppress
weeds. Transplanted crops tend to have
fewer weeds and less yield loss than
direct-seeded crops. Transplant healthy,
vigorous seedlings that can better compete
with weeds in the early stages. Maintain
an adequate plant population that closes
its canopy by maximum tillering to shade
out weeds. Apply Nitrogen (N) fertilizer
just after weeding to minimize rice-weed
competition for N.



Water management. Water is the best
control for weeds. Many weeds cannot
germinate
or
grow
under
flooded conditions (e.g. most grasses and
some sedges). Flooding is effective against
many weed species but some species such
as Sphenochloa zeylanica, Monochoria
vaginalis and Cyperus difformis are not
controlled by flooding.Maintain a 2-5 cm
water level in the field to minimize weed
emergence and lower weed pressure. If
water is sufficient, fields can be
continuously flooded from the time of
transplanting
to
when
the
crop
canopy covers the soil completely.

Cultural Management for weed control
Cultural weed control includes non-chemical
crop management practices ranging from
variety selection to land preparation to
harvesting and postharvest seed processing.
Cultural weed control is a part of integrated
weed
management
which
involves the
integrated use of cultural, manual, and/or
mechanical control methods. It is easy to
practice, acceptable, and accessible to small
and large farmers as well as non-chemical and
ecologically sound.
How to use cultural practices to control
weeds?


Timing. Weeds need to be controlled from
planting until the rice canopy closes.



Land preparation and leveling. Use
land preparation to control growing weeds
and to allow weed seeds to germinate. Kill
newly emerging weeds by repeating
tillage at adequate intervals.



Reduce weed entry into fields. Prevent
the introduction of weeds into fields by: i)
using clean good quality seed, ii) keeping
seedling nurseries free of weeds to make
sure weeds are not planted with the rice
seedlings, iii) keeping irrigation channels
and field bunds free of weeds to prevent
weed seeds or vegetative parts entering
the fields iv) using clean equipment to
prevent field/crop contamination and v)
rotate crops to break weed cycles.



Fallow management. Destroy weeds in
fallow fields (e.g., use tillage) to prevent
flowering, seed-set and the build-up of

Mechanical weed control
Mechanical weeding is a part of integrated
weed management that refers to the integrated
use of cultural, manual, mechanical and/or
chemical
control
methods.
Mechanical
weeding is preferable because it is nonchemical and ecologically sound, less labour
needed and costs less than hand weeding and
less drudgery than in hand weeding. BRRI
power weeder (BPW) and BRRI weeder (BW)
reduced weeding cost, enhanced weed control
and improved the labour efficiency without
sacrificing grain yield with the highest BCR
obtained in BPW (1.22) followed by BW (1.16)
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and HW (1.11). BPW and BW appeared to be
economic, easy and also environmentally safe
weed control devices in low land rice
cultivation (Islam et al., 2017). But they have
some limitations of mechanical weeding, such
as:

Manual weed control
Manual weeding is preferable because it is
non-chemical; ecologically sound, Provides
clean and thorough weeding, and good for
resource-poor farmers where labor is available
at low wages.



Only suitable for row-planted crops.

Limitations of hand weeding



Difficult in hardened soil or where water is
limited.





Difficult to remove weeds within crop rows.

Labour-intensive,
time-consuming and
costly and high drudgery with stress on
labour.



Only effective with young weeds (2- to 4
leaf stage).



Difficult if the soil surface is not moist and
loose.



Difficulty in identifying and removing
certain grassy weeds at early stages (e.g.
weedy rice, Echinochloa spp.). Have to
remove such weeds from the field at
flowering time.



Weeds may survive if pulled and dropped
into standing water.

How to apply mechanical weeder effectively?


With 2-3 cm of water in the field, start
using a weeder when emerged weeds are
young (3 to 4 leaf stage).



Remove the weeds near the plants by hand.



Ten decimal lands could be weeding by
one hour with one man.

Hand weeding: How to do it effectively and
timely


Weeds need to be controlled from planting
until the crop canopy closes.



Start hand weeding within 15 days of
planting (or when weeds are large enough
to grasp).



Repeat the weeding once or twice more at
30-35 and 40-50 days after transplanting
(DAT) or 40-45 and 55-75 days after
sowing (DAS).



Do not allow weeds to flower and set
seeds in a crop field.



Use good land leveling to reduce weeds.

Chemical weed control

Mechanical weeding
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In chemical weed control, chemicals called
herbicides are used to kill certain plants or
inhibit their growth.Chemical weed control is
an option in integrated weed management that
refers to the integrated use of cultural, manual,
mechanical and/or chemical control methods.

applied to the soil surface. They are used
to prevent the establishment of weeds
right after planting. They must not be toxic
to the crop. Butachlor, pretilachlor,
mefeneset
+
bensulfuron
methyl,
bensulfuron methyl+ acetachlor is the
example of a pre-emergence herbicide.


Postemergence. Applied after weeds have
emerged. Post-emergence herbicides are used
to control weeds that have been established in
the crop. They should not be toxic to the crop
and usually must contact the weed foliage to
be more effective. An example of a post emergence herbicide is pyrozosulfuron ethyl,
ethoxysulfuron,
diafimoni,
bensulfuron
methyl+ quinchlor, bispyribac sodium SC,
penoxulam 240 SC etc.

Based on mode of action, herbicides are
classified into two


Contact. Contact herbicides are applied to
foliage and other above-ground parts of a
plant. They kill plant tissues at or very close
to the application site. An example of a
contact herbicides are propanil, glyphosate,
2,4-dichlorophenoxyacetic acid (2,4-D)



Translocated/Systemic.
Translocated
herbicides are absorbed by the roots or
above-ground parts of a plant. Within the
plant, the herbicides then move to and kill
tissues that may be remote from the point
of application but where herbicide action
occurs.Translocated herbicide move to the
site of action via the transport mechanisms
within the plant; the xylem and phloem.
The xylem transports water and nutrients
from the soil to growth sites and the
phloem
transports
products
of
photosynthesis (for instance, sugars) to
growth and storage sites.

Hand weeding

Classification of herbicide
Based on time of application, herbicides are
classified as




Preplant. Preplant herbicides are applied
before the crop is planted. They are
usually used to kill weeds that have
germinated before planting or were left
from fallowing. Glyphosate and paraquat
is the example of a pre-plant herbicide.
glyphosate or paraquat could be use to
kill fallow weeds before 8-10 DAT of rice.
Only selective herbicide surfentrazone can
be used as pre plant herbicide before 2/3
days of transplanting.

Based on selectivity

Preemergence. Applied after the crop has
been planted but before weeds emerge.
Preemergence herbicides are usually

Selectivity is how narrowly or widely an
herbicide is effective on plants and falls into
two categories:
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Selective. A herbicide that kills or stunts
some plant species with little or no injury
to others, especially the crop, is selective.
Examples of selective herbicides used in
rice
production
are
butachlor,
propanil,bensulfuron methyl+acetachlor,
ethoxysulfuron
and
2,4-D.
These
herbicides do not kill rice and are therefore
safe to use.

winds, and by limiting water run-off from
fields.


Spray perpendicular across the wind, so
that product is blown away from the
applicator.



Be sure to rotate the usage of herbicides so
weeds do not develop resistance.

Limitations of chemical weed control

Non-selective. A herbicide that kills all
plant species, or shows no selectivity, is
nonselective. An example of a nonselective
herbicide is glyphosate and paraquat that
kills all plants in a field, including rice.



Herbicides are toxic substances, if those
are used unwisely or incorrectly can cause
health and environmental problems.



Herbicides are often weed-specific.

How to use herbicides effectively to control
weeds?



Weeds can develop herbicide resistant if
farmers are too reliant on one type of
herbicide.



Drift risk to neighbor crops.



Applicators require skills in application
and calibration.




Always read and follow the instructions
on the product label.
Ensure the product is suited for the type
and stage of crop and weeds to be
controlled.



Ensure field conditions are suitable (e.g.,
some products only work when the soil is
moist, or when there is standing water or
no standing water).



Products are designed for early application
when weed control is most important.
Some products are designed to control the
weeds
before
they
emerge
(preemergence), while others are only effective
after the weeds have emerged (postemergence).



Use the recommended rate of fresh and
clean water.



Uniformly apply herbicide across the field.



Spray herbicide from a height of around 50
cm above the target.



Minimize movement of the herbicide to
non-target areas by using low pressures,
avoiding applications in very strong
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Safety consideration


Always wear protective equipment. Use
appropriate cover for head, eyes, nose,
mouth, and hands. Wear long-sleeved
shirts, long pants, and covered footwear.



When mixing the product, always stand
upwind and wear protective clothing –
especially face protection.



Wash contaminated clothes separately
from other household clothes.

Note


At recommended doses, a herbicide may
be selective when used with a particular
crop.



However, if higher doses are used or if the
herbicide is applied at the wrong time, it
can damage or even kill the crop.



The same herbicide may be selective or
nonselective, depending on the rate and
time of application.

Residual effect of herbicide
According to World health organization
(WHO) “any substance or mixture of
substances in food for man or animals
resulting from the use of a pesticide and
includes any specified derivatives, such as
degradation
and
conversion
products,
metabolites, reaction products, and impurities
that are considered to be of toxicological
significance” are defined as herbicide/
pesticide residues.
Herbicide is gaining popularity in rice
cultivation due to its low cost, high efficacy,
and timely control of weeds. In Bangladesh,
the annual consumption of herbicides grew
over 7400 metric tons in 2019 (BCPA, 2020)
compared to only 108 tons during 1986-87
(BBS, 1991), and the growth is almost
exponential (Fig. 3). Pyrazosulfuron ethyl,
mefeneset+ bensulfuran methyl, mefeneset +
acetochlor, bispyribac sodium, oxadiazone,
pretilachlor,
butachlor,
ethoxysulfuran,
oxadiarzil, 2,4-D, etc. are the commonly used
herbicides in rice cultivation in Bangladesh
(Table 8). Data indicated that the use of
herbicide will be considerably increased in
near future for rice cultivation. Incorrect and
indiscriminate application of herbicides affects
negatively the health of humans, plants and
animals. Particularly hazardous are the poorly
degradable herbicides whose persistence may
lead to long-term accumulation.
Soil microorganisms are an important link
in the soil-plant system. Herbicides can
contaminate soil, water, turf, and other
vegetation. Insecticides are generally the most
acutely toxic class of pesticides, but herbicides
can also pose risks to non-target organisms.
Herbicide sometimes contaminates the surface
and groundwater. Some herbicides show
phytotoxicity to the rice plant. Moreover, the
question arises frequently from different
corners, especially from the environmentalists
about the effect of herbicide on the

environment along with soil and water. The
policymakers also want to know its safe use
and residual influence on soil and crop. Some
herbicides may take a long time to
disintegrate, may adversely affect the soil
health and groundwater. Herbicide residue
may persist in straw and grain. Although
herbicide is less toxic than insecticides, even
the information regarding its persistence in
soil and crop plant is lacking in
Bangladesh.But
studied
from
India
demonastred that at harvest, herbicides in
various commodities and different families
were found either below the maximum residue
limit or below detectable limits in grain and
straw (Sondhia ,2014). Herbicide residues after
recommended use for control of weeds are
relatively high initially; however, the levels are
reduced rapidly, and residues are often not
detectable after a few days or weeks or at
harvest (Sondhia ,2014). Nevertheless,Farmers
should be informed about the influence of
herbicides on the soil and crop. Furthermore,
herbicide residue persistence on soil and crop
if any needs to be carefully studied in
Bangladesh condition.
Microbiological effects of herbicides were
studied at BRRI (BRRI, 2015-16). Higher
concentrations of herbicide treatments resulted
in much lower microbial counts compared to
soils treated with recommended herbicide dose.
But in general, all bacterial and fungal
populations were reduced three days after
herbicide application (DAHA) and the
population increased 7-20 DAHA and thereafter
microbial population fluctuated over time. So
the application of herbicide in soil reduced soil
microorganisms in a certain time and after 7-20
days, it becomes increased than before.
Therefore, we need clear understanding of
herbicide residue in soil and crop plants for
safe food grain consumption. As the SDG 2
and BDP (Bangladesh Delta Plan) 2100,
Volume 4 baseline study indicated, we have to
produce and ensured safe food and nutrition.
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Table 8. The herbicide used in Bangladesh are listed with chemical/common name and effective dose with remarks.
Effective
dose/ha
1.0 L
(DSR)
2.0 L
(TPR)

Time of
application

Butachlor

25 kg

3-5 DAT

Carfentrazone ethyl

62.5 g

20-22 DAT

Pretilachlor

1.0 L

3-5 DAT

Pretilachlor+safener
Pyrazosulfuron ethyl
Ethoxysulfuran

1.0 L
3-5 DAS/DAT
125-150 g 10-12 DAS/DAT
100 g
10-12 DAS/DAT

Glyphosate

4-5 L

Pre plant

Paraquate
MCPA

2.0 L
1.0 L

Pre-plant
25-28 DAT

Oxadiarzyl

188 ml

3-5 DAS/DAT

2,4 D - Amine

1125 g

20-25 DAS/DAT

2,4 D butyl ester

1.8 kg

20-25 DAS/DAT

2.0 L

3-5 DAS/DAT

Chemical

Oxadiazon

3-5 DAS/DAT

2,4 D
Pendamethalin

Mefenacet+Bensulfuron methyl 1111 g
Bensulfuron methyl +
750 g
Acetachlor

3-5 DAT

Butachlor+Propernil

1.0 L

3-12 DAS/DAT

Pyrazosulfuron
ethyl+pretilachlor

800 g

3-15 DAT

Bispyrabyc Sodium

125-150 g 8-16 DAS/ DAT

Oxylfluorfen
Bensulfuron
methyl+queenchlore
Acetachlor
Cylophop-butyle
Bispyribac
sodium+bensulfuron methyl
Bensulfuron methyl
10%+Chlorimuron ethyl 10%
Metolachlor+ Bensulfuron
methyl 20%

1.0 L

3-5 DAT

600 g

3-15 DAT

250 ml
100 ml

3-5 DAT
15 DAT

142.5 g

10-12 DAT

20g

12-15 DAT

190ml

3-6 DAT

Sulfentrazone 48SC

200ml

Fenxo-prop-P- ethyl

500 ml

Diafimoni 200SC

190ml
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3-5 DAT

Remark
Direct dry/wet seeded and transplanted rice.
Effective for sedges, broadleaves and some grasses. Works
best with standing water or at least moist soil. Soil must
remain moist after application to maintain activity.
Pre-emergence, effective for grasses, some broadleaves
and sedges
Post emergence, effective for broadleaf
Pre-emergence, effective for grasses, some broadleaves
and sedges
DSR, effective for grass, sedge and broadleaves
Early post-emergence, sedges and broadleaves, few grasses
Early post-emergence.Effective for sedges and broadleaves
Pre-plant, deep-rooted perennial weeds and annual
grasses, sedges, and broadleaves.
Pre-plant, suppress weed dry mass.
Post emergence, effective for wide ranges of weed
Preemergence, effective for dry and wet seeded rice. Spray
without standing water in the field.
Post-emergence, effective for broadleaves and annual
sedges. Weeds need to be above the waterline.
Post-emergence, effective for broadleaves and annual
sedges. Weeds need to be above the water line.
Pre-plant
Preemergence, effective for dry seeded rice. Effective for
Echinochloa spp., some annual grasses, sedges, and
broadleaves. Need residual moisture for activating.
Pre emergence, effective for all weeds
Pre emergence, effective for all weeds
Pre and post-emergence, effective for sedge and
broadleaves, some grasses. Apply on saturated soil, flood
field 1-3 DAA; spray volume is 200 L/ha
Pre and post-emergence, effective for sedge and
broadleaves, some grasses
Post-emergence, effective for grasses (especially Shama)
some BL and S. Drain excess water before spraying for
target weeds to appear one-half part over the water
surface and re-irrigate during 1-3 DAA.
Pre emergence
Pre and post emergence
Pre emergence
Post emergence, only annual grasses
Post emergence; grass, sedge and broadleaves
Post emergence; grass, sedge and broadleaves
Pre emergence, grass, sedge and broadleaves

Before 3 days of
Pre plant and pre emergence herbicide
TP and upto 3DAT
3-5 DAT
Pre emergence, grasses
12-15 DAT
Post emergence; all weeds
( 1-3 leaves)

Productivity
herbicides

could

be

increased

using

Due to shortage of labour in peak period
and the higher cost of hand weeding,
herbicide use is increasing every year in
Bangladesh. The trend of herbicide use (BCPA,
2019) up to 2018 (Fig. 2) indicates that in the
future herbicide use will increase sharply and
labour productivity will also be increased.
Research in Bangladesh demonstrated that
herbicide applications would produce similar
rice yields to three carefully timed hand
weeding with a significant reduction in labour
requirements and total costs. Pre-emergence
herbicides are 38-46% cheaper than one hand
weeding (Mazid et al., 2001).

2018
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Herbicide consumption
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Economic analysis of rice production in
Bangladesh revealed that the net income from

herbicide application was 116% higher than
three times hand weeding (Rashid, 2012).
Herbicide use reduced weed control time to a
mean of 84 hours ha-1 compared to 590 hours
ha-1 in rice for which at least two hand
weedings were needed (Mazid et al., 2006).
Using herbicide instead of manual weeding
85% of labour can be saved. Therefore, rice
productivity can be improved through the
effective use of herbicides by significantly
reduce labour. Bhuiyan et al., (2018) reported
that weed control efficiency of commonly
available herbicide in Bangladesh were more
than 80% and save about 6000-7000 Taka ha-1
compared to thrice hand weeding. In farmers
field, 61% of the cost was reduced due to
herbicide use whereas, 49% of the cost was
reduced when used BRRI weeder + 1HW for
weed management of rice (Table 9).

Year
Fig. 2. Herbicide consumption in Bangladesh during 1984 to 2018.
Source: Bhuiyan et al., 2018
Table 9. Weed management cost reduction by using BRRI developed technology in Pirojpur, Gopalganj and Bagerhat
district during 2016.
Weed management treatment

Grain yield (t ha-1)

Weed management cost (Tk ha-1)

Cost reduced over FP

Aman

Boro

Aman

Boro

Farmers practice

Aman

Boro

4.95

6.50

12600

14400

-

-

Herbicide fb 1HW

5.24

6.95

4750

5550

62

61

BRRI weeder fb 1HW

5.10

6.64

6450

7250

49

50

*fb 1 HW= Followed by 1 hand weeding
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Ecologically sustainable integrated
management (ESIWM)

weed

Integrated weed control utilizes direct and
indirect means for cost-effective weed control
or considering economic threshold level (Fig.
3). The essential feature of an integrated weed
management programme is a critical blend of
weed control methods that can be combined
economically in a given situation. The
contribution of indirect methods on a short
and long-term basis and their cost-benefit ratio
are needed to be considered for integrated
weed management.
For example, increased frequency of
plowing and laddering will not completely
remove weeds from the crop field. So, a farmer
has to employ a direct weeding method for
increased production.
Therefore,
the
frequency
of
land
preparation and laddering should be reduced to
a minimum level in which crop establishment is
not hampered and then direct weeding should
be done in time for reducing crop-weed
competition. A high seed rate can not substitute
for direct weed control. It is also not economical

to add more fertilizer without controlling
weeds. Fertilizer efficiency is high when weeds
are controlled. Therefore, maximum crop yield
at minimum cost should determine the relative
choice of integrated weed control. So integrated
weed management is the solution.
Some salient features for integrated weed
control are given below:
 Crop seed should be free of weed seed. It
decreases the severity of weed infestation.
 Weed gets less favourable conditions to
grow if the land is prepared well.
 In some cases, a few weeds are found to
grow after applying herbicide. It should be
controlled by hand or applying postemergence herbicide.
 Use of weeders is friendly to the ecosystem.
But one additional hand weeding is
required.
 In
transplanted
rice
proper
water
management reduces the infestation of weed.
 Use of weed competitive variety or
allelopathic variety is another option of
integrated weed management.

Fig. 3. Integrated weed management in rice production.
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Synthesis of Ecologically sustainable integrated
weed management(ESIWM) options
Herbicides remain a simple and cost-effective
way to control weeds, as herbicide growth is
increasing in Bangladesh, rice productivity can
be increased through the judicious and safe use
of the herbicide. Non-chemical weed control
techniques may become important in the future
where environmental safety is a major concern
for chemical use. Mechanical weed control
should be popularized all over the country
where 50% of weeding cost could be
minimized. An integrated weed management
system along with other agronomic weed
control methods could be followed in the
future, e.g., the use of weed competitive variety,
bioherbicide allelopathic variety, crop density

manipulation, or tillage could be done for
ESIWM. Table 10 recapitulate the strengths and
weaknesses of the technologies, tools, and
highlights for future research needs.
Major issues of weed management to be
implemented with related approaches
The challenge for weed scientists is to develop
innovative,
effective,
economical,
and
environmentally safe IWM systems that can be
integrated into current and future cropping
systems to bring a more diverse and integrated
approach to weed management. For
sustainable and ecologically friendly weed
management by 2030 and beyond following
major issues and related approaches to be
implemented step by step (Table 11).

Table 10. Strength, weakness and research need for integrated weed management.
Method
Hand
weeding
Mechanical
weed control

Herbicide

Allelopathy

Technology
Hand
weeding
twice or
thrice
BRRI
weeder fb
1HW

Strength
Effective weed control,
Easy

Effective weed control
and reduces hand
weeding and herbicide
use; Reduces labour
cost
Pre or post- Effective and timely
emergence weed control.
herbicide fb Saves 80% labor and
1HW
time.
Reduces cost of
cultivation

Allelopathic Enhances crop
variety
competitiveness

Weakness
Need more labor
and cost;
Timely weeding
is not done
Weeder not
available all
over the
country

Research need
-

Recommendation
Could be included
in integrated weed
management
(IWM)
Massive validation and
More effective
demonstration programme mechanical weeder
in all upazillas of
(manual/ power
Bangladesh
weeder) needed
Part of IWM
Right herbicide Evaluate new molecule
Research
is not available herbicides and facilitate for programme
in all areas. Safe commercial availability
should be
use of herbicide Optimizing dose and time
strengthened on
and
of application and
the residual effect
environmental elucidating factors affecting of herbicide and
pollution for
efficiency;
judicious use of
chemicals is a
Integrate with other
the herbicide
concern
methods to reduce dose and
increase efficiency;
Long term effect of
herbicides on weed
dynamics, soil microflora,
non-targeted organisms and
herbicide residues in
different crops and
cropping systems
Difficulty in
Breed cultivars with
Part of IWM.
isolating
allelopathic potential
Research work is
allelochemical
ongoing to find
compound
out allelopathic
variety and
allelochemicals
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Method
Weed seed
control

Technology Strength
Long term
Depletion of weed
weed
from soil seed bank
control
method

Weakness
Understanding
weed seed
retention at
crop harvest

Research need
Long term experiment in
different soil layer need to
be conducted

Bioherbicide

Yet to be
developed

More emphasis should be
given on biological control
of weed

Novel
technologies

Nanotechno Could increase the
logy. Yet to precision and
be develop effectiveness of the
natural herbicidal
compounds delivery
Image
Detect weed
processing patches,and
and remote consequently weed
sensing.
density mapping

Difficulties in
scaling up the
production
process
New area of
research. Effort
to be done for
formulation
this issues

Environmentally
benign

May detect
problems due
to plant
residues

Innovation of nanotechnology for herbicide
and effectiveness of natural
herbicidal compounds

New area of research.
Could be done with remote
sensing, automated
detection and artificial
intellegence.

Recommendation
Research work
was initiated.It
will be continued
as it is a part of
IWM
Part of IWM

We are so far from
this technology.
Research needs
for nanotechnology of
weed control
Integrated
geostatistics and
remote sensing
may facilitate
intra-row weeding
in the near future

Table 11. Major issues of weed management with connected approaches.
Major issue to be
implemented

Related approach

Development and
practice ecologically
and sustainable
integrated weed
management

 Develop and
disseminate guidelines for incorporating the nonchemical methods
(cultural/mechanical and agronomic manipulation) with chemical methods in the farmers
field
 Reduce herbicide use by employing non-chemical methods
 Develop and disseminate organic weed management practices.
 Use crop residues as mulch material for suppressing weed

Managing weeds
through judicious use
of herbicides






Developing bio-control
measures for managing
weeds

 Explore the potential pathogens, insects, fish, allelochemicals for utilization as biotic agents
for weed management
 Identification, evaluation and commercialization of plant/ soil pathogen/ microbes for
biological control of major weeds

Facilitating
dissemination of weed
management
technologies,
knowledge and
information

 Conduct training programmes, activities for different stakeholders
 Increase interaction with farmers and stakeholders through direct approaches
 Test and fine-tune of site-specific weed management technologies

Developing weed
database in rice

 Create national weed database in different districts in Bangladesh to formulate suitable and
sustainable weed management strategies
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Evaluate new molecule herbicides which is more environmentally sound
Optimize their time and dose of application and elucidating factors affecting their efficiency
Integrate with other methods to reduce the dose and increase efficiency.
Quantify herbicide residue in soil, water and plant parts and consequent entry in the food
chain
 Find out long term effect of herbicides on weed dynamics, soil microflora, non-targeted
organisms and herbicide residues in different crops and cropping systems

Action plan for three decades on reducing
yield loss from rice weeds

of smart management in the specific domain.
This work will be followed up and continued.

To reduce yield loss from weed we have
thoroughly discussed available methods of
weed
management
strategies
to
be
implemented. Since herbicide use is increasing
due to its effectiveness and cost-effectiveness,
so we have to judicially use herbicide.
Moreover, not a single method is effective to
control weeds in the rice field.

A number of dissemination and training
programme will be done in the farmers' field
and concerned agricultural personnel, dealers
will be trained regarding herbicide and its safe
uses. In the meantime, weed control research
with bioherbicide and allelopathic variety will
be carried out. As a result, identification of
biocontrol agents and allelopathic variety will
be identified.

Therefore we have to integrate all methods
intelligently.
Ecologically
sustainable
integrated weed management (ESIWM) is the
option to manage weeds and to reduce loss
from weeds. However, an action plan was
developed
where
all
possible
weed
management options have been addressed.
During the research and development phase
(Table 12a, Appendices 2 and 3) cultural,
chemical and mechanical weed control will
continue with framework development (FWD),
yield loss assessment, calibration, and validation

For the period of 2031-2040 and 2041-2050
(Tables 12b, 12c) all possible weed
management options will be followed up and
continued. If any of the methods will not work
it will again go for calibration and validation
and this process will continue. Ultimately
farmers have to
follow integrated weed
management
with
the
concerned
of
environmental issues (Fig. 4). Whatever
management is applicable it should be
ecologically sound and sustainable.

Table 12. Implementation of ecologically sustainable integrated weed management for the period of 2021-2030, 20312040 and 2041-2050.
a) Period 2021-2030
Ecologically sustainable integrated weed management (ESIWM)
Period: 2021-2030
Research and development Phase
Weed
management
option

Dissemination phase

Primary

Intermediate

Maturation

III

Mtg - FWK

Cali-Valid

YL-EST

Sm - Mtg

Follow up

Step-1

Step-2

CO

Train

Demo

CWM1
CWM2
CWM3
CWM4
CWM5
CWM6
MWM1
MWM2
HWM1
HWM2
HWM3
BWM1
BWM2
AWM1
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b)

Period 2031-2040

Ecologically sustainable integrated weed management (ESIWM)
Period: 2031-2040
Research and development Phase
Weed management
Primary
Intermediate
option
III
YL-EST
Mtg-FWK

Dissemination phase
Maturation
Cali-Valid

Sm-Mtg

Follow up Step-1

Step-2

CO

Demo

Train

CWM1
CWM2
CWM3
CWM4
CWM5
CWM6
MWM1
MWM2
HWM1
HWM2
HWM3
BWM1
BWM2
AWM1
c)

Period 2041-2050

Ecologically sustainable integrated weed management (ESIWM)
Period: 2041-2050
Weed management Research and development Phase
option
Primary
Intermediate
III
CWM1
CWM2
CWM3
CWM4
CWM5
CWM6
MWM1
MWM2
HWM1
HWM2
HWM3
BWM1
BWM2
AWM1
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YL-EST

Mtg - FWK

Dissemination phase
Maturation
Cali-Valid

Sm-Mtg

Follow up Step-1

Step-2

CO

Demo

Train

the ecologically sustainable integrated
weed management (ESIWM) system.

Fig. 4. Ecologically
sustainable
integrated
weed
management (Adopted and modified from Merfield
CN, 2019).

CONCLUSION
Hand weeding and chemical weeding are
generally very much popular in Bangladesh.
Herbicides may now find greater acceptance
by the farmers due to higher wages and
unavailability of labour. Herbicide producers
and weed scientists have an enormous
responsibility to educating the farmers and the
extension personnel on the judicious and
sustainable use of herbicides. The research
related to herbicides must go beyond herbicide
screening to application techniques, enhancing
herbicide efficiency and integrating with
ecological methods of weed management. The
basic research on weed biology, weed seed
bank, bioherbicide, weed ecology and weed
control by the tools of remote sensing and
geostatistics which has been largely ignored
until now needs encouragement. Research on
mechanical and biological weed control should
get more attention of the researcher to serve
the farming community for sustainable food
production
to
achieve
sustainable
development goals.
RECOMMENDATIONS


Developing and upscaling economic and
eco-friendly
weed
management
technologies emphasizing mechanical and
biological weed control which strengthen



Non-chemical weed control research
should be strengthened. Allelopathic and
bioherbicide research may provide nonchemical weed control technology for
different crops.



A nationwide weed survey programme on
rice fields and rice based cropping system
may be initiated to identify harmful weeds
in the climate change situation.
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Acronyms and Abbreviations
BRRI= Bangladesh Rice Research Institute
IWM= Integrated Weed Management
BINA= Bangladesh Institute of Nuclear Agriculture
IRRI= International Rice Research Institute
GO = Government organization
IPM = Integrated pest management
NGO = Non-government organization
SDG = Sustainable development goal
CIMMYT= The International Maize and Wheat Improvement Center
G= Granular formulation
DAS= Days after sowing
DAT= Days after transplanting
DAP= Days after planting
SDR= Sum Dominance Ratio
FB= Followed by
AI= active ingredient
EC= Emulsifiable concentrate
SC= Soluble concentrate
BPW= BRRI power weeder
BW= BRRI weeder
HW = Hand weeding
BBS= Bangladesh Bureau of Statistics
DAHA= Days after herbicide application
ESIWM= Ecologically sustainable integrated weed management

156 Bhuiyan et al.

Appendix 1a. Photograph of low land weeds commonly found in rice field.

.
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Appendix 1b. Photograph of up land weeds commonly found in rice field.

Echinochloa colona
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Appendix 2. Weed management at a glance with abbreviation.
Broad weed
management
Cultural

Weed management option

Abbreviation

i. Fallow management
CWM1
CWM2
ii. Good land preparation & Stale seedbed technique
iii. Planting method and plant population
CWM3
iv. Crop rotation
CWM4
v. Water mgt- Flooding
CWM5
vi. Weed competitive variety
CWM6
Physical
i. Manual weeding
MWM1
ii. Mechanical weeding
MWM2
Chemical
i. Pre emergence herbicide
HWM1
ii. Post emergence herbicide
HWM2
iii. Pre plant herbicide
HWM3
Biological
i. Rice duck culture
BWM1
ii. Bioherbicide
BWM2
Biochemical
i. Allelopathic variety
AWM1
Note: CWM= Cultural weed management; MWM= Mechanical weed management; HWM= Herbicide weed management;
BWM= Biological weed management; AWM= Allelophathic weed management
Appendix 3. Some abbreviation with elaboration in relation to Tables 12a, 12b and 12c.
Programme

Phase
Primary

Research and
Development

Intermediate
Maturation

Dissemination

Follow up
Step-1
Step-2

Abbreviation
III
YL-EST
Mtg-FWK
Cali-Valid
Sm-Mtg
CO
Train
Demo

Elaboration
Identification, isolation and innoculation
Yield loss estimation
Management framework
Calibration and validation
Smart management
Continuous obervation
Training
Demonstration
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