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IMPACT OF WEED MANAGEMENT STRATEGIES ON THEIR GROWTH,
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Water management systems of wet direct-seeded rice (WDSR) and alternate wetting and drying (AWD) have proven
to be effective resource-conserving (RC) technologies for rice production. However, weed management (WM) practice
in RC technology has not been adequately addressed in the literature. This study aimed to investigate weed dynamics
and integrated weed management strategies in WDSR under the AWD irrigation system. Two field experiments were
conducted with seven weed management options over two consecutive growing seasons, 2009-2010 and 2010-2011, at
the Bangladesh Rice Research Institute, Gazipur. Results showed that the weed species Scirpus juncoides, Echinochloa
crus-galli, and Cynodon dactylon were the most important. By contrast, Fimbristylis miliaceae, Cyperus iria, and
Lindernia floribunda seemed to belong to the least important group. Weeds that interfered up to 55 days after seeding had
a significant impact on rice growth and yield. Over time, weed dominance ranking changed. The application of herbicides
mefenacet+bensulfuron methyl and pyrazosulfuron ethyl along with one-hand weeding effectively reduced weed growth,
leading to higher weed control efficiency and grain yield. These two treatments reduced the weed-related indices, and

increased the crop resistance.

Keywords: rice growing, weed dynamics, weed control, grain yield

Submitted: 24.12.2024

Accepted: 04.04.2025

Introduction

Rice cultivation using the transplanting method involves
raising, uprooting, and transplanting seedlings. Labor for these
operations accounts for nearly one-third of the total production
cost in Bangladesh. To address these challenges, various rice
cultivation methods have been developed. Wet direct-seeded
rice (WDSR) with the drum seeder technique is one of the
most resource-conserving technologies (RCTs). Moreover,
alternate wetting and drying (AWD) irrigation systems, when
combined with WDSR, are even more efficient and should
be adopted by resource-poor farmers in Bangladesh. WDSR
with the AWD irrigation system requires about 20-25% less
water than traditional transplantation methods while also
significantly reduces labor. WDSR is now being adopted in
Bangladesh, especially in single boro-cropped areas. To fully
leverage this technology, weed management issues must be
carefully addressed. Effective weed management is crucial for
achieving optimum grain yield in the AWD irrigation system.
The species composition and abundance of weeds in WDSR
differ from those in the puddled flooded rice system (Mahajan
et al., 2009). Information regarding weed flora composition,
weed growth, and their responses to different herbicides in the
WDSR system is insufficient in Bangladesh. Generally, most
soil-applied rice herbicides require humid or even flooded
conditions for effective weed control, which are not met under
this system. Therefore, a broader range of herbicides should
be evaluated to identify those best suited for these less humid
conditions.

Weed management in the AWD system revolves around
grass weeds, predominantly Echinochloa spp. AWD reduced
broadleaf weed pressure (Vial, 2005) and increased a share

of grass-type weeds, overall enhancing weed growth and
development, which compete with rice and reduce yield. So
proper weed management strategies are required for AWD
irrigation systems.

In wet-seeded rice, oxadiazon (Alam et al., 2002),
pretilachlor + safener (Awan et al., 2003; Bhuiyan et al., 2011),
ethoxysulfuran, and butachlor (Bhuiyan et al., 2009) have
proveneffective in Bangladesh. However, only alimited number
of herbicides suitable for WDSR are available in the country.
There is no detailed information available to assist farmers in
choosing which type of herbicide to apply. Additionally, there
is a lack of knowledge regarding the appropriate application
time, the chemical group of the herbicide, and water
management during herbicide application. In recent years,
several herbicides (mefenacet + bensulfuron methyl 53 % wp,
oxadiargyl 400 SC, pendimethalin, pyrazosulfuron - ethyl)
have demonstrated excellent efficacy in transplanted paddy
(Bhuiyan and Ahmed, 2010; Bhuiyan et al., 2010).

However, effective weed control in WDSR by drum seeder
with AWD irrigation is crucial. We hypothesized that in WDSR
under the AWD irrigation system dynamics of weed pattern,
weed abundance, weed growth may differ from transplanted
rice, and grain yield would be increased if appropriate weed
management strategies could be followed.

Therefore, the objectives of this study were to analyze
weed occurrence, growth, and community composition in
direct wet-seeded rice under the AWD irrigation system and
to evaluate yield performance under different weed control
systems.
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(St. Petersburg). This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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Materials and Methods

Experimental site, soil, and climate

The field studies were conducted at the experiment site of
Bangladesh Rice Research Institute (BRRI) farm, Gazipur,
situated at 24°99’ North latitude and 90°40’ East longitude
at an elevation of 8.4 m above mean sea level. This area
is characterized by a subtropical climate. The soil of the
experimental site was clay loam of the shallow brown terrace
under the Madhupur tract (AEZ 28). The experimental field
was classified as a Chhiata clay loam, a hyperthermic Vertic
Endoaquept.

Climatic parameters, including rainfall, evaporation,
maximum and minimum temperatures, were collected from the
BRRI automatic weather station located near the experimental
site. The daily values were averaged (maximum and minimum
temperature, solar radiation) and summed (rainfall and
evaporation) to monthly values (Figure 1). The experimental
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Figure 1. Monthly total rainfall (mm), average maximum and
minimum temperature (°C), and average solar radiation (MJ
m?) during the experimental periods
0f2009-2010 and 2010-2011

Pucynok 1. Mecsunpliii 00beM 0CaaKoOB (MM), CpeTHHE
3HAUEHUSI MUHUMAJIbHON 1 MaKCMMaJIbHOM TeMIlepaTyp
(°C), u cpennsist comreunas paguarus (M M?2) B epros
skcriepuMerToB 2009-2010 u 2010-2011 rr.

area received 110.90 mm and 605.40 mm of rainfall during the
dry season (Boro) of 2009-2010 and 2010-2011, respectively.
Mean maximum and minimum temperatures were 34.71 and
11.81, 33.48 and 10.31 °C during the same seasons.

Treatments and crop husbandry

During the dry seasons (boro) of 2009-2010 and 2010—
2011, BRRI dhan29 was grown in the experimental field under
alternate wetting and drying (AWD) irrigation conditions.
The crop was established through direct wet seeding using
a drum seeder in a single thick row. Irrigation was applied
when the water was no longer visible in the AWD pipes.
Weed management treatments and herbicide details of the
experiment are presented in Table 1. The experiments were
conducted in a randomized complete block design with three
replications. The unit plot size measured 4.6 m x 4 m. The
plots were surrounded by a 40 cm-high soil levee to prevent
herbicide contamination between the plots. Details of the crop
calendar are provided in Table 2.

Measurement and calculations

Yield and yield characters were sampled and calculated
according to Gomez K.A., 1972. The grains and sterile
spikelets were separated by a seed sorter (Kiya Seisakusho
LDT, model 1973, Tokyo, Japan). After separation, the grains
and sterile spikelets were counted by an automatic counter
(Nagoya, model DC 1-0, Japan). Rice plants from a 5 m? preset
area of the middle of each plot were harvested at ground level
and threshed. Grain yield was adjusted to a 14 % moisture
content (MC) as follows:

100 - MC
GMC=T00-1a

x FW,
where:
GY_MC,, = Grain yield at 14% MC,
MC, = Sample MC (%),
FW = fresh weight of grains at harvest.
Weed sampling

Weed dry matter and the number of weeds were calculated
at 30, 55 and 80 days after seeding (DAS) from all experimental
plots. Random samples were taken from within each plot using
a 0.5 x 0.5 m quadrate (Kim and Moody, 1983). Data were
recorded including weed species, the number of weeds and
weed biomass etc.

Weed Vegetation analysis

Summed dominance ratio (SDR) of the weed species was
computed using the following equation (Janiya and Moody,

1989):
RD + RDW
SDR= ——,
2
where: RD = relative density,

RDW = relative dry weight.
D= 2 4100
= — X
Dt ’

where:
Dx = density of a given species,
Dt = total density.

RDW = DWx
~ DWt

x 100,

where:
DWx = dry weight of a given species,
DWt = total dry weight.
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Table 1. Treatment details
Taoauna 1. [Ieranu o6pabotox

37

Active ingredi- Application | Time of herbicide application and opera-
Label 0 . . .
Mapku- Treatment ents, g ha rate per ha tion of hand weeding, days after seeding
oBKa Oo6paboTtka AxrtuBHBIC HHTPHU- | Hopma pacxo- | Cpok nmpuMeHeHHs MECTHIHIO0B U TIPO-
P JMEHTHI, T 12’ J1a Ha TeKTap TIOJIKH, JTHHU TOCJIe TTOCeBa
Panida 33EC (pendimethalin) +
T, 1HW on 55 DAS 825 25L >
Topstar 400 SC (oxadiargyl) +
T, LHW on 55 DAS 75 187.5 mL 5
Superclean 53 % WP (mefenac-
T, et+bensulfuron methyl) + 1HW 589 1111 g 5
on 55 DAS
Saathi (pyrazosulfuron - ethyl
T, 10 WP) + THW on 55 DAS 15 150g 14
T, Hand weeding, three times - - 30, 55 and 80
T BRRI weeder + THW i 30 (weeder operanon.) and 55 (one-hand
6 weeding)
T, Unweeded (Control) - - No weeding

Table 2. Crop calendar of the experiments

Taonuna 2. Kanennapp BelpamuBaHus KyJIbTYphI B X0/1€ 3KCIIEpUMEHTa

Activity

TleiicTsie 1(2009-2010) I1(2010-2011)
Date of seed incubation 04.12.2009 06.12.2010
Periods of incubation 72hrs 72 hrs
Date of seeding 07.12.2009 09.12.2010
Date of panicle initiation 15.03.2010 (98 DAS) 16.03.2011(97 DAS)
Date of 100 % flowering 02.04.2010(113 DAS) 04.04.2011(115 DAS)
Date of Maturity 03.05.2010(147 DAS) 07.05.2011 (149 DAS)
Growth duration 147 days 149 days
Harvesting date 09.05.2010 (153 DAS) 10.05.2011(154 DAS)

DAS = days after seeding.

Weed Control Efficiency (WCE%), Relative Weed Density
(RWD), Importance Value of Weed (IVW), and Weed Index
(WI) were calculated according to Rao (1985) using the

following formulas:
_ WC- Wt

WCE = —we_ * 100,
where:
WC = average weed weight per unit area in weedy check,
Wt = average weed count or dry weed weight per unit area in
the treated plot.
Higher values of WCE indicate greater effectiveness of the

herbicide.

RWD DCx
= — X
DCt

100,
where:
DCx = density of individual weed species in the community,

DCt = total density of all weed species in the community.

DWOx

VW= Swot

x 100,

where:
DWOx = dry weight of a given oven dried weed species,
DWOLt = dry weight of all oven dried weed species.

_ YHW - Yt

W YHW

x 100,

where:
YHW = average yield of the crop in hand-weeded, weed-free
plot or minimum weed competition plot,
Yt = average crop yield in a plot under other weed control
treatments.
A higher value of the weed index indicates a lower yield, and a
lower value of the weed index indicates a higher yield.

The percentage of yield loss (YL) of each infested plot
was calculated according to Gill and Vijayakumar (1969), as
follows:

Ywf-Y
YL(%) = ——— x 100,

where:
Ywf = grain yield in weed-free plots or minimum competition
plots,
Y = the grain yield from each weed-infested plot.

Weed indices were worked out using the formula of Misra
and Misra (1997).

Weed persistence index (WPI) is used to indicate the
resistance of weeds against various tested treatments and to
confirm the efficiency of the herbicide applications.
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DWWt  WDc
= X —,
WDt

where:
DWWt = dry weight of weeds in treated plot,
DWWc¢ = dry weight of weeds in treated plot,
WDt = weed density in treated plot
WDc = weed density in control plot
Crop resistance index (CRI) was calculated as follows:

DMPtby crop  DMPc by weeds

CRI = x )
DMPc by crop  DMPt by weeds

where:
DMPt = dry matter production in treated plot,
DMPc = dry matter production in control plot.
Weed Management Index (WMI) is the ratio between yield
increase due to weed management and the control of weeds by

the respective treatments:
YI%

where:
Y1% = percent yield increase over control,
CW9% = percent control of weeds.
Agronomic Management Index (AMI) is determined by
the following formula:

YI% - CW%
AMl = ———

CW%
Integrated weed management index (IWM) is as follows:
WMI + AMI
IWM = —

where:
WMI = weed management index,
AMI = agronomic management index

Weed Control Index (WCI) is worked out by using the
same formula of weed control efficiency (WCE) replacing
weed populations by weed dry weight (Mishra and Tosh, 1979).

wa DMPm2c - DMPm2t 100
= X
DMPm2Zc !

where:

DMPm2c¢ = weed dry matter production per m? in control plot
DMPm2t = weed dry matter product per m? in treated plot.

Comparison of species composition among weed

communities between treatments in each planting season were

made using the Sorensen’s index of similarity (Goldsmith et
al., 1986). The computation of the S values was as follows:

2]
T A+B

x 100,

where:

S =Index of similarity between treatments A and B

J =Number of species common to both treatments A and B

A =Number of species present in treatment A

B =Number of species present in treatment B

Higher S values would indicate close similarity in species
composition between treatments. Conversely, lower values
reflect considerable differences in species composition.

Statistical Analysis

Year wise data were analyzed statistically by statistical
software Mstat-C, version 1.41 (Russell, D.F. 1986) using
analysis of variance and treatments were compared with
least significant difference (LSD) at the P=0.05 level of
significance. Correlations and regressions were calculated in
the Microsoft Excel program. Correlation matrixes among
different characters were determined by Pearson correlation
using Minitab 13 statistical program.

Results

Weed growth

All the weed control treatments significantly reduced the
weed population density (m?) and weed dry matter weight
(gm™) at 30, 55, and 80 DAS in 20092010 and 2010-2011
(Table 3a,3b). In 2009-2010, the highest weed population
densities were found in T_, T, and the lowest (37 plants m?)
in T, at 30 DAS throughout the entire observation period. In
2010-2011, the weed densities for control check plots (T,)
were 225, 369, and 279 weeds m? at 30, 55, and 80 DAS,
respectively. Herbicide-treated, hand-weeded, and BRRI-
weeded plots showed significantly lower weed densities than
those of control plots at every observation date (Table 3a). The
lowest weed population was found with T, and T, treatments
at all observation dates.

Weed biomass was significantly affected by different
weed control treatments in both growing seasons. In 2009—
2010 (Table 3b) at 30 DAS, the highest weed biomass was
observed in T treatment (46.52g m*) which was at par with T,
(46.19 g m?) and T, treatment (45.47g m?), whereas treatment
T, (5.46 g m?) and T, (7.17 g m?) resulted in statistically
similar and the lowest weed biomass. At 55 DAS, the weed
biomass was the highest (134.16 g m?) with the T, and
the lowest with the T, treatment (21.97 g m?). The highest
weed biomass at 80 DAS was found with T, (109.49 g m?),
which was significantly higher than with other weed control
treatments. Weed biomass was lowest in T, and T, treatments
at this stage.

In the 2010-11 Boro season, weed biomass varied
significantly across herbicide treatments, following similar
trends observed in 2009—10. In all cases, the highest weed
biomass was recorded in the untreated control plots, which
was significantly greater than in the treated plots. The lowest
weed biomass occurred in treatments T3 and T4, followed by
T5 and T6 (Table 3b). This indicates that T3 and T4 were the
most effective in reducing both weed biomass and density.

Weed control efficiency

In the year 2009-2010 (Table 3c), at 30 DAS, the highest
WCE (88 %) was found in T, followed by T, (84 %) treatment.
The WCE was the lowest with the T, (1%) and T, (2%)
treatments. At 55 DAS, the WCE of T, and T, were 84 % and
81% and were close to those of T, (77%), T, (75%), and T
(74 %) treatments. At 80 DAS, the WCE was the highest with
T, (90%), which was closely followed by T, (87%) and T,
(81%). The WCE of T, and T, attained 78 %, and T, produced
the lowest WCE (73 %) at 80 DAS. In 2010-2011, WCE, at
different days after seeding, followed approximately the same
pattern as in 2009-2010.

Weed infestation
Most weed species found belonged to the families of
Poaceae, Cyperaceae, Pontederiaceae, Onagraceac and
Scrophulariaceae (Table 4). In 2009, the most dominant weed
species at 30 DAS was Scirpus juncoides (37 %), followed by
Echinochloa crus-galli (28 %). By 55 DAS, E. crus-galli (30 %)
became the most important, overtaking S. juncoides (21 %),
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which declined in importance. Cynodon dactylon consistently
ranked among the top three species, with values ranging from
26% to 29% across all time points. By 80 DAS, E. crus-
galli (30%) remained the most dominant, while C. dactylon
(26 %) showed an increasing trend. Broadleaf weeds, such as
Sphenoclea zeylanica and Monochoria vaginalis, remained

Relative proportions of different weed types
During 2009-10, grass and sedge weeds dominated across
all treatments at 30, 55, and 80 DAS, collectively contributing
over 80 % of the weed community (Figure 2). Sedges remained
the most dominant group in terms of density throughout the
season. However, by 80 DAS, the relative biomass contribution
of sedges and broadleaf weeds increased, indicating a shift in

minor components throughout, each contributing less than
5% importance. A similar pattern was observed in 2010,
with E. crus-galli, C. dactylon, and S. juncoides maintaining
dominance across all stages, though S. juncoides showed a
sharper decline in importance over time.

weed composition. In the 2010-11 season, similar patterns
were observed at 30 DAS. At 55 DAS, grasses became more
dominant, while by 80 DAS, broadleaf weeds contributed
the most to total weed density, with grass and sedge densities
becoming lower and nearly equal. In terms of weed biomass,
grasses and sedges accounted for the majority of dry matter at
30 DAS, while broadleaf weeds made a minimal contribution.

Table 3. Influence (%) of different weed control methods on weed density (a), dry matter weight (b), and weed control
efficiency (c) of wet direct-seeded rice under alternate wetting and drying irrigation condition during Boro 2009-2010

Taoauna 3. Bimsane (%) pa3in4aHbIX METOI0B OOPHOBI C COPHBIMU PACTEHUSMH Ha TUIOTHOCTH MX TOMYIIALINH,
BEC CYXOTo0 BellecTsa, 1 3pdexkTuBHOCTL 00pbOBI (%) MPU BBIPAIIMBAHUK BI&YKHOTO pHCa IIPSIMOTO ITOCEeBa
C MONEPEMEHHBIM YBIIQ)KHEHUEM U OCYILICHUEM B CE30H OOPBI

Weed densities (pieces m?)

a. ITTOTHOCTH TIOTYJISIINK COPHBIX PACTEHHUH (TIT M%)

Treatment 30 DAS 55 DAS 80 DAS

Obpaboria 2009-2010 | 20102011 | 2009-2010 | 2010-2011 | 2009-2010 2010-2011
T, 100 90 165 130 78 70
T, 98 65 140 98 72 62
T, 37 39 97 51 43 38
T, 48 48 110 62 52 53
T, 212 205 137 124 66 66
T, 205 206 137 123 79 85
T, 212 225 374 369 256 279
LSD(,.) 21.04 9.16 33.31 17.65 10.62 6.57
CV(%) 9.08 4.10 11.30 7.25 6.46 3.96

Weed dry matter weight (g m?)

b. Bec cyxoro BemniecTBa COpPHBIX pacTeHui (T M)

Treatment 30 DAS 55 DAS 80 DAS

Obpaborka 2009-2010 2010-2011 2009-2010 2010-2011 2009-2010 2010-2011
T, 16.65 17.21 44.62 4839 29.23 2291
T, 16.07 12.38 30.81 39.63 24.02 20.79
T, 5.46 6.68 21.97 18.36 11.37 7.37
T, 7.17 9.56 24.82 22.67 14.20 13.67
T, 46.19 44 46 34.00 45.50 21.11 17.26
T, 45.47 4235 34.54 45.11 24.06 19.56
T, 46.52 51.12 134.16 150.29 109.49 96.05
LSD(,,) 3.07 2.01 10.13 7.74 8.17 2.24
CV(%) 6.60 431 12.31 8.24 13.78 4.47

Weed Control efficiency (%)

c. D dexTnBHOCTL GOPHOBI ¢ COpHBIMU pacTeHUsIMU (%)

Treatment 30 DAS 55 DAS 80 DAS

Obpaborxa 2009-2010 | 2010-2011 | 2009-2010 | 2010-2011 | 2009-2010 | 2010-2011
T, 64 66 68 68 73 76
T, 65 76 77 74 78 78
T, 88 87 84 88 90 92
T, 84 81 81 85 87 86
T, 1 13 75 70 81 82
T, 2 17 74 70 78 80

T,~T, annotation is given in Table 1; DAS = days after seeding.
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Table 4. Relative density and importance value of weeds over time in wet direct-seeded rice
under alternate wetting and drying condition
Taéauua 4. OTHOCHTENBHAS UIOTHOCTH NOIYJIALMH M 3HAYMMOCTb COPHBIX PaCTEHHH BO BpEMEHH
IIPY BBIPAIMBAHUH BIQKHOTO pHCa MIPSMOTO ITOCEBa C OINEPEMEHHBIM YBIKHEHHEM H OCYIICHHEM
. . Weed Type Relative density, % Importance value, %
Weed species Family OTHOCUTENBHAS MIIOT-
N Tum coprOTO o 3HauyuMoCTh, %
Bupx coproro pacteHus CemeiicTBO pacTemms HOCTB, %
2009-2010 ‘ 2010-2011 | 2009-2010 ‘ 2010-2011
30 Days After Seeding (DAS)
Cynodon dactylon Poaceae Grass 17.36 15.10 26.17 23.57
Echinochloa crus-galli Poaceae Grass 21.83 24.00 28.45 27.99
Scirpus juncoides Cyperaceae Sedge 52.15 46.09 36.77 33.55
Sphenoclea zeylanica Campanulaceae Broadleaf 1.58 4.89 1.65 3.27
Monochoria vaginalis Pontederiaceae Broadleaf 2.21 1.48 2.16 2.85
Cyperus difformis Cyperaceae Sedge 1.57 1.19 1.52 2.10
Cyperus iria Cyperaceae Sedge 1.40 3.25 0.88 3.06
Leptochloa chinensis Poaceae Grass 1.90 1.63 2.40 1.38
Ludwigia octovalvis Onagraceae Broadleaf - 1.48 - 1.50
Marsilea minuta Marsileaceae Broadleaf - 0.88 - 0.73
55 DAS
Cynodon dactylon Poaceae Grass 16.14 15.08 29.39 24.06
Echinochloa crus-galli Poaceae Grass 18.88 19.23 30.24 27.30
Scirpus juncoides Cyperaceae Sedge 39.97 37.19 20.98 24.47
Sphenoclea zeylanica Campanulaceae Broadleaf 3.94 3.36 3.40 2.60
Monochoria vaginalis Pontederiaceae Broadleaf 3.92 3.70 2.87 2.55
Cyperus difformis Cyperaceae Sedge 4.75 3.26 4.39 2.50
Cyperus iria Cyperaceae Sedge 1.61 2.82 1.61 2.48
Leptochloa chinensis Poaceae Grass 3.65 3.26 2.62 3.97
Fimbristylis miliaceae Cyperaceae Sedge 1.08 2.88 0.77 2.86
Lindernia floribunda Scrophulariaceae Broadleaf 6.07 5.97 3.73 3.47
Ludwigia octovalvis Onagraceae Broadleaf - 1.54 - 2.18
Marsilea minuta Marsileaceae Broadleaf - 1.70 - 1.55
80 DAS

Cynodon dactylon Poaceae Grass 20.54 19.14 25.59 21.60
Echinochloa crus-galli Poaceae Grass 21.47 21.05 29.99 30.19
Scirpus juncoides Cyperaceae Sedge 25.65 25.84 19.21 12.57
Sphenoclea zeylanica Campanulaceae Broadleaf 4.27 3.71 4.37 5.77
Monochoria vaginalis Pontederiaceae Broadleaf 4.29 4.07 4.08 4.66
Cyperus difformis Cyperaceae Sedge 5.43 4.42 4.25 5.01
Cyperus iria Cyperaceae Sedge 2.60 2.99 3.00 4.65
Leptochloa chinensis Poaceae Grass 4.18 2.87 3.06 3.38
Fimbristylis miliaceae Cyperaceae Sedge 2.48 3.59 2.07 3.69
Lindernia floribunda Scrophulariaceae Broadleaf 9.10 8.97 4.37 4.70
Ludwigia octovalvis Onagraceae Broadleaf - 1.68 - 2.62
Marsilea minuta Marsileaceae Broadleaf - 1.67 - 1.16

Their biomass contribution, however, increased noticeably at
55 and 80 DAS, by which time grasses and sedges showed
comparable biomass levels.

Weed Composition and Summed Dominance Ratio

SDR is more informative than any single measure in
reflecting the contribution of a species in the community.
During the 2009-10 growing season, eight weed species
were recorded at 30 DAS, increasing to ten species at both 55
and 80 DAS (Table 5). Weed communities at this early stage
were characterized by a predominance of Scirpus juncoides,
especially in treatments T1 and T2, with SDR values of

59.22% and 58.13%, respectively. Other treatments also
showed S. juncoides as the dominant species, except in T4,
where Echinochloa crus-galli (34.95 %) and Cynodon dactylon
(22.38%) were more abundant, followed by S. juncoides
(19.61%). At 55 DAS, S. juncoides continued to dominate in
T3 and T4 with SDR values of 31.24 % and 29 %, respectively.

As the season progressed, the weed composition shifted.
By 80 DAS, sedge weeds were increasingly replaced by
broadleaf species. At this stage, Lindernia floribunda emerged
as the most dominant species across all treatments, followed by
Leptochloa chinensis. However, in the unweeded check plot,
grass and sedge weeds remained dominant, with E. crus-galli
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Figure 2. Relative proportion of different weed types in total weed density (A) and biomass (B)
over 30-80 days after seeding (DAS). BL — broadleaf weeds

Pucynok 2. OTHOCUTENbHAs! J0JIs1 pa3JInYHBIX THIIOB COPHBIX PACTEHUH B 00mIel moTHocTH (A) u 6nomacce (B)
Ha 30-80 cytku nocie nocesa (DAS). BL — mmpokonucTBEeHHBIE COPHBIE PACTEHHS

(25.73%), C. dactylon (23.07%), and S. juncoides (22.43 %)
maintaining a high share of total weed coverage.

In 2010-11, ten weed species were recorded at 30
DAS, increasing to twelve at 55 and 80 DAS (Table 6). At
30 DAS, sedge weeds dominated in T1, T2, T5, T6, and
T7, with S. juncoides contributing SDR values of 62.92 %,
48.29%, 42.00%, 40.26 %, and 39.82 %, respectively. These
communities were also characterized by notable shares of
E. crus-galli and C. dactylon. By contrast, treatment T3
was dominated by C. dactylon (27.01%) and E. crus-galli
(24.53%), while in T4, E. crus-galliled with 26.03 %, followed
by S. juncoides and C. dactylon. Additionally, TS, T6, and T7

were distinguished by the appearance of two new species,
though they contributed minimally to overall coverage.

Weed infestation at 55 DAS was characterized by noticeable
shifts in community composition. During this intermediate
stage, the composition was more evenly distributed among
grasses, sedges, and broadleaf weeds, with no clear dominance
pattern. Treatments T1, T2, and T3 still showed the highest
SDR values for S. juncoides (44.01 %, 21.24%, and 17.53 %,
respectively), while in TS5, T6, and T7, E. crus-galli was most
dominant, followed by S. juncoides.

By 80 DAS, the weed community composition had shifted
further, with broadleaf weeds becoming more dominant.
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Lindernia floribunda attained the highest SDR across all
treatments, indicating its strong late-season presence. In T4
and T7, E. crus-galli continued to contribute substantially,
with SDR values of 22.39 % and 25.62 %, respectively

Coefficient of similarity

Comparison of species composition among weed
communities across treatments in each planting season
were made using the Sorensen’s Index of Similarity (S). In
2009-2010 the Sorenson’s Index of Similarity” reached its
maximum value (100%) at different observation periods
(30, 55 and 80 DAS) across all treatments, indicating 100 %
similarity in weed species composition between treatments.
During the growing season of 2010-2011 (Tables 7) the
coefficient of similarity remained rather high, varying from
82.35 to 100% across different treatments. At 30 DAS,
the similarity indices ranged from 82.35% to 100%, with
treatments T2, T3, and T4 exhibiting complete similarity. At
55 DAS, similarity values ranged from 86.95 % to 100 %, with
complete similarity recorded in treatments T2, T6, and T7. By
80 DAS, weed communities across treatments became even
more homogeneous, with similarity values varied between

90.0% and 100%. The consistently high similarity across
treatments and observation dates suggests that the weed flora
remained largely stable across the experimental plots and
that management practices had relatively minor effects on
species presence, though may have influenced weed density
or dominance.

Weed indices and crop relationship

In 2009-2010 at 30 DAS, the lowest WPI value (0.66) was
recorded for T, plot followed by T,2009-2010 (Table 8). Both
T, and unweeded control (T.) showed the highest WPI values.
At 80 DAS, T, treatment yielded the lowest WPI followed by
T, treatment. The highest WPI was observed in T, treatment.
At 30 DAS, crop resistance index (CRI) was highest in T,
treatment (27.19) followed by T, treatment (19.45). At 80
DAS, the highest value of CRI was observed also in T, plot
(30.80) followed by the T, plot (23.74). Lower values were
observed in T, (10.49) and T, (13.03) plots. Higher CRI values
were found to be consistently correlated with lower WPI
and vice-versa. In the growing season of 2010-2011, similar
relationships between WPI and CRI were observed (Table 9),
where T, and T, treatments demonstrated lower WPI and

Table 5. Summed dominance ratio of weeds in wet direct-seeded rice under alternate wetting and drying
in different periods across various weed management options during Boro season 2009-2010

Taonauna 5. CyMMHUpOBaHHBIN YPOBEHb JOMHHUPOBAHUS COPHBIX PACTEHHH MPY BRIPALIMBAHNUH BIAYKHOTO pHUca
MPSIMOTO TIOCEBA C MONEPEMEHHBIM YBIAKHEHHEM H OCYIIeHHEM B ce30H 6opsl 2009-2010 rr.

Treatment Weed Species /Bua copHBIX pacTeHUH
O6paborka CD ECG S] | szy | Mv | CDF | I LC FM LF
30 days after seeding (DAS)

T, 12.62 17.63 59.22 2.84 1.93 2.18 1.78 1.80 - -
T, 13.44 15.05 58.13 3.48 2.64 2.33 2.23 2.70 - -
T, 20.53 20.07 27.40 9.65 6.63 5.47 3.98 6.26 - -
T, 22.38 34.95 19.61 4.72 4.29 5.52 4.52 4.00 - -
T, 21.47 26.50 43.15 2.01 1.76 1.36 1.31 2.46 - -
T, 18.61 26.45 45.40 1.30 2.82 1.61 1.47 2.34 - -

. 21.76 25.14 44.46 1.61 2.18 1.54 1.14 2.15 - -
SE(%) 1.53 2.53 5.54 1.09 0.66 0.69 0.51 0.59

55 DAS
T, 7.65 12.81 42.38 7.00 5.49 5.77 4.34 2.62 3.04 8.90
T, 6.37 16.28 32.87 6.17 5.83 5.64 6.34 4.42 431 11.77
T, 8.66 8.63 31.24 6.17 6.20 6.48 7.87 6.09 5.72 12.94
T, 8.06 11.13 29.00 6.42 6.66 6.66 8.16 5.82 6.00 12.09
T, 7.27 16.08 29.05 7.19 5.81 6.49 6.32 4.66 5.29 11.83
T, 6.07 30.27 24.21 6.10 4.11 6.50 4.03 3.81 5.18 9.72
T, 22.76 24.56 30.48 3.67 3.39 4.57 3.14 0.92 1.61 4.90
SE(+) 2.23 291 2.11 0.44 0.44 0.28 0.74 0.68 0.60 1.05
80 DAS

T, 7.13 10.45 16.96 7.48 7.40 6.91 7.10 10.31 5.35 20.92
T, 6.83 11.64 14.22 7.11 7.65 7.89 6.86 12.11 3.44 22.24
T, 6.40 7.69 10.27 6.88 7.43 7.59 6.23 15.09 5.12 27.31
T, 6.27 8.39 11.04 7.81 6.30 7.21 9.56 13.77 6.17 23.49
T, 7.01 9.48 11.69 7.78 5.98 6.69 9.23 13.06 5.81 23.28
T, 7.70 11.63 13.64 6.48 7.23 8.05 7.09 13.46 6.23 18.50
T, 23.07 25.73 22.43 4.32 4.19 4.84 3.62 2.28 2.80 6.73
SE(+) 2.32 2.34 1.60 0.46 0.47 0.41 0.75 1.63 0.51 2.49

CD = Cynodon dactylon, ECG = Echinochloa crus-galli, SJ = Scirpus juncoides, SLY = Sphenoclea zeylanica,
MYV = Monochoria vaginalis, CD¥= Cyperus difformis, C1= Cyperus iria, LC= Leptochloa chinensis

FM= Fimbristylis miliaceae, LF= Lindernia floribunda,
T T, annotation is given in Table 1.
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higher CRI over different observation periods compared to
other weed management treatments. Again, in the growing
season of 2009-2010 (Table 10), T, and T, treatments showed
alower weed management index (WMI) at 30, 55, and 80 DAS
compared to others treatments. At 80 DAS, higher WMI—1.11
and 1.091 — were obtained in T, and T treatments, respectively,
and lower WMII — 0.96 and 0.981 — were recorded for T3 and
T4 treatments. Regarding the agronomic management index
(AMI), lower values were also obtained in T, and T, treatments
at all observation periods (30, 55, and 80 DAS). Considering
the integrated weed management index (IWMI), the lowest
value of IWMI was found in T, plots followed by T, plots at
30, 55, and 80 DAS, while T, T,, T, and T, plots recorded
higher IWMI at the same observation period. At 80 DAS, the
IWMI values showed notable variation among treatments.
Lower values were observed in T3 (0.46) and T4 (0.48), while
significantly higher values were recorded for T5 (0.56), T6
(0.59), and T1 (0.61), highlighting a clear difference in water
management efficiency across the treatments.

During the 2010-2011 growing season (as shown in
Table 11), WMI, AMI, and IWMI showed similar trends as in

the 2009-2010 season. However, the values of these indices
were generally lower in 2010-2011 compared to the previous
year.

Impact of weed biomass on yield loss

Average data from the 2009-2010 and 2010-2011 growing
seasons showed no significant yield loss at 30 DAS. But at 55
DAS, significant yield loss was recorded, and yield loss showed
linear and significant correlation with weed biomass. The
relationship between weed biomass and yield loss at different
crop growth periods (30, 55, and 80 DAS) is illustrated in
Figure 3. At 30 DAS, the regression equation was: Y = 0.5626x
+ 14.681. The coefficient of determination: R?=0.1125 (non-
significant). The relationship between weed biomass and yield
loss was not statistically significant. This suggests that weed
biomass had no notable impact on rice yield early in the crop’s
growth (30 DAS). At 55 DAS, the regression equation was:
Y = 0.6465x — 3.9319. The coefficient of determination: R* =
0.8463 (highly significant, p < 0.01). A strong and significant
positive linear relationship was observed. This means that
yield loss increased substantially with rising weed biomass,
approximately 9.1 to 13.7 g/m? of weed biomass caused

Table 6. Summed dominance ratio (SDR) of weeds in wet direct-seeded rice under alternate wetting and drying
in different periods across various weed management options in Boro season 2010-2011

Taonauna 6. CyMmMupoBaHHBIN ypoBeHb JOMHUHUPOBaHMS (SDR) cOpHBIX pacTeHHit TpH BRIpalliBaHUN BIIAXKHOTO pHCca
IPSMOTO IOCEBa C MONEPEMEHHBIM YBIAKHEHHEM U OCyIIeHHeM B ce30H 6opsl 2010-2011 rr

Treatment Weed Species /Bu COpHBIX pacTeHUI

O6paborka | CD | ECG | SI | SzYy | MV |

CDF | ¢c1 | Lc | LO | MN | LF | FM

T 9.00 | 11.60 | 62.92 | 0.00 | 1.47
T 1172 | 17.95 | 4829 | 245 | 4.24
T 27.01 | 24.53 | 1330 | 692 | 6.26
T 19.56 | 26.03 | 2343 | 5.00 | 2.81
T 19.30 | 25.78 | 42.00 | 424 | 2.50
T 17.38 | 28.63 | 4026 | 475 | 245
19.34 | 25.99 | 39.82 | 4.08 | 2.16
SE(#) 222 | 226 | 612 | 082 | 0.6l
55
T 6.03 | 849 | 4401 | 486 | 0.00
T 6.84 | 1240 | 21.24 | 549 | 930
T 788 | 11.85 | 17.53 | 8.94 | 7.12
T 24.66 | 3421 | 573 | 252 | 0.00
T 10.50 | 21.88 | 1934 | 541 | 0.00
T 561 | 29.65 | 19.50 | 3.54 | 3.18
19.57 | 2327 | 30.83 | 298 | 3.13
SE(+) 284 | 367 | 452 | 082 | 141
80
T 720 | 722 | 26.79 | 4.81 | 0.00
T 922 | 696 | 1325 | 781 | 7.1
T 770 | 656 | 812 | 642 | 529
T 2122 | 2239 | 3.85 | 0.00 | 3.22
T 594 | 1276 | 6.53 | 8.63 | 4.09
T 6.11 | 975 | 1528 | 7.44 | 6.80
T, 2037 | 25.62 | 1921 | 474 | 436
SE(+) 254 | 297 | 3.02 | 1.10 | 091

30 days after seeding (DAS)

7.25 5.31 2.44 0.00 0.00 - -
6.11 5.15 4.10 0.00 0.00 - -
10.56 | 4.90 6.51 0.00 0.00 - -
3.95 5.87 13.35 | 0.00 0.00 - -
2.29 1.24 0.97 1.00 0.67 - -
1.34 1.85 1.77 0.85 0.71 - -
1.64 3.16 1.51 1.49 0.81 - -
1.29 0.69 1.66 0.24 0.15
DAS
13.43 5.90 0.00 2.26 1.44 6.48 7.10
9.93 9.14 3.46 2.39 2.71 10.20 | 691
7.87 10.39 | 6.95 0.00 5.53 8.49 7.44
4.09 2.29 13.63 3.14 3.52 3.28 2.93
3.87 6.42 6.70 5.23 4.72 11.15 4.77
5.38 7.94 3.61 3.53 243 1046 | 5.17
2.88 3.61 2.87 1.86 1.63 4.72 2.65
1.45 1.10 1.65 0.61 0.58 1.16 0.75
DAS
10.53 9.10 4.56 3.78 0.00 1726 | 8.76
7.08 6.60 7.89 3.42 2.62 18.62 | 9.41
8.43 8.71 8.57 4.80 1.18 | 26.54 | 7.68
4.24 7.77 14.95 3.33 0.00 1546 | 3.58
5.37 9.50 13.40 | 2.59 322 | 2298 | 499
6.35 6.48 10.12 | 4.81 1.89 18.23 6.74
4.71 3.13 3.64 2.15 1.42 6.83 3.82
0.84 0.83 1.59 0.38 0.46 2.34 0.89

CD = Cynodon dactylon, ECG = Echinochloa crus-galli, SJ = Scirpus juncoides, SLY = Sphenoclea zeylanica,
MYV = Monochoria vaginalis, CDF = Cyperus difformis, C1 = Cyperus iria, LC = Leptochloa chinensis,
LO = Ludwigia octovalvis, MN = Marcelia minuta, LF = Lindernia floribunda, FM = Fimbristylis miliaceae;

T,~T, annotation is given in Table 1.



44

Bhuiyan M.K.A. et al. / Plant Protection News, 2025, 108(1), p. 35—49

Table 7. Sorensen’s Index of similarity in weed species among different weed management treatments

of wet direct-seeded rice under alternate wetting and drying irrigation in Boro 2010-2011

Taoauna 7. Magexc cxoncra CopeHCeHa COCTaBa COPHBIX PACTCHUH B 3aBUCHMOCTH OT 00PaOOTKH MPH BEIPAIIHBAHIH
BJIQYKHOTO pHCa MPSIMOTO MTOCEBA C IIONIEPEMEHHBIM yBIIQ)KHEHIEM U OCyIIeHHeM B ce30H 0oprr 20102011 rr.

Obrmtom T, T, T, T, T, T, T,
30 days after seeding (DAS)
T, - 93.33 93.33 93.33 82.35 82.35 82.35
T, 93.33 - 100 100 88.88 88.88 88.88
T, 93.33 93.33 - 100 88.88 88.88 88.88
T, 93.33 100 100 - 88.88 88.88 88.88
T, 82.35 88.88 88.88 88.88 - 100 100
T, 82.35 88.88 88.88 88.88 100 - 100
T, 82.35 88.88 88.88 88.88 100 100 -
55 DAS
T, - 90.90 85.71 95.23 95.23 90.90 90.90
T, 90.90 - 95.65 95.65 95.65 100 100
T, 85.71 95.65 - 90.90 90.90 95.65 95.65
T, 95.23 95.65 90.90 - 100 95.65 95.65
T, 95.23 95.65 90.90 100 - 86.95 95.65
T, 90.90 100 95.65 95.65 86.95 - 100
T, 90.90 100 95.65 95.65 95.65 100 -
80 DAS

T, - 90.90 90.90 90.0 90.90 90.90 90.90
T, 90.90 - 100 90.90 100 100 100
T, 90.90 100 - 90.90 100 100 100
T, 90.0 90.90 90.90 - 90.90 90.90 90.90
T, 90.90 100 100 90.90 - 100 100
T, 90.90 90.90 100 90.90 100 - 100
T, 90.90 100 100 90.90 100 100 -

T T, annotation is given in Table 1.

Table 8. Effect of weed control methods on Weed Persistence Index (WPI) and Crop Resistance Index (CRI)

in wet direct-seeded rice at 30, 55 and 80 days after seeding (DAS) during Boro season 2009-2010

Tadnuua 8. Bnusane meTonoB 60ps0BI ¢ COPHBIMU PACTEHHUSMH HAa HHIEKC MIEPCUCTHPOBAHUS COpHBIX pacTeHuit (WPI)

U MHJEKC pe3UCTeHTHOCTH KyasTypsl (CRI) mpu BEIpalBaHNHU BIQKHOTO pHCa MPSMOTO IOCeBa

yepes 30, 55 u 80 aueii mocie nmocesa (DAS) B ce3on 6opsr 20092010 rr.

Treatment WPI CRI

Ob6pabotka 30 DAS 55 DAS 80 DAS 30 DAS 55 DAS 80 DAS
T, 0.763 0.735 0.869 7.80 8.59 10.49
T, 0.767 0.715 0.769 8.07 12.11 13.03
T, 0.666 0.660 0.618 27.19 19.53 30.80
T, 0.692 0.666 0.630 19.45 16.12 23.74
T, 0.995 0.718 0.734 2.93 11.52 15.79
T, 1.013 0.717 0.759 2.90 11.01 13.06
T, 1.0 1.0 1.0 1.0 1.0 1.0

T — T, annotation is given in Table 1.

1% to 10% yield loss, respectively. At 80 DAS, the regression
equation was: Y = 0.8382x + 2.5279. The coefficient of
determination: R? = 0.8522 (highly significant, p < 0.01).
The relationship was again strong and significant, even more
pronounced than at 55 DAS. A weed biomass of just 9.01 g/m?
resulted in a 10 % yield loss at 80 DAS. These findings clearly

indicate that weed biomass has an increasingly severe impact

on yield loss as the crop matures. While early-season weeds
(30 DAS) may not significantly affect yield, unchecked weed
growth during the mid to late periods (55 and 80 DAS) results
in substantial yield reductions. Rice plants become more
sensitive to weed competition at later stages, and even small
amounts of weed biomass can cause significant yield losses by
80 DAS (Figure 3).
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Table 9. Effect of weed control methods on Weed Persistence Index (WPI) and Crop Resistance Index (CRI)
in wet direct-seeded rice at 30, 55 and 80 days after seeding (DAS) during Boro season 2010-2011

Tadonauua 9. Brusane MeTonoB 60ph0OBI ¢ COPHBIMU PACTCHHUSIMH Ha HMHIIEKC TIEPCUCTHPOBAHUS COpPHBIX pacteHuit (WPI)
Y MH/EKC PEe3UCTEeHTHOCTH KynbTyphl (CRI) mpy BeIpanuBaHuy BIaKHOTO prca IMPSIMOTo MoceBa

gepes 30, 55 u 80 gueit mocie mocera (DAS) B ce3on 6oprr 20102011 rT.

Treatment WPI CRI

O6pabotka 30 DAS 55 DAS 80 DAS 30 DAS 55 DAS 80 DAS
T, 0.84 0.84 0.95 3.25 4.01 3.88
T, 0.85 0.85 0.97 4.88 4.89 4.82
T, 0.75 0.75 0.56 11.26 13.78 14.67
T, 0.87 0.87 0.75 8.09 11.04 11.14
T, 0.96 0.96 0.76 1.58 4.46 5.82
T, 0.91 0.91 0.67 1.52 493 4.16
T, 1.0 1.0 1.0 1.0 1.0 1.0

T,~T, annotation is given in Table 1.

Table 10. Effect of weed control methods on three agronomic indices of weed-crop relationships in wet direct-seeded rice
at 30, 55 and 80 days after seeding (DAS) during Boro season 2009-2010

Tadonuua 10. Biusiaue MeTonoB 00psOBI Ha OTHOIIEHUS COPHBIX PACTCHUH C KyJIBTYPOH BIIAQJHOTO PHCa MPSMOTO ITOCeBa
yepes 30, 55 u 80 gueit mocie mocesa (DAS) B ce3on 6oprr 2009-2010

Weed Management Index Agronomic Management Index | Integrated weed Management Index
Treatment MHpexc KOHTPOIIs COPHBIX WHpeke arpoTeXHUYECKOro Mupaexc UHTErpupOBaHHOTO
Oo6paboTka pacTeHuit KOHTPOJIA KOHTPOJISI COPHBIX paCTECHHUI
30 DAS 55 DAS 80 DAS 30 DAS 55 DAS 80 DAS 30 DAS 55 DAS 80 DAS

T, 1.26 1.198 1.11 0.26 0.198 0.105 0.76 0.698 0.61
T, 1.27 1.075 1.06 0.27 0.075 0.058 0.77 0.575 0.56
T, 0.98 1.034 0.96 -0.02 0.034 -0.036 0.48 0.534 0.46
T, 1.01 1.052 0.98 0.01 0.052 -0.017 0.51 0.552 0.48
T, 162.76 1.143 1.06 161.76 0.143 0.055 162.26 0.643 0.56
T, 41.84 1.142 1.09 40.84 0.142 0.087 41.34 0.642 0.59
T, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T T, annotation is given in Table 1.

Table 11. Effect of weed control methods on three agronomic indices of weed-crop relationships in wet direct-seeded rice

at 30, 55 and 80 days after seeding (DAS) during Boro season 2010-2011

Tab6auua 11. Biusaue MeTos10B 60phOBI HA OTHOLIEHUS COPHBIX PACTEHHM € KyJIBTYpO# BIaIHOTO pHca MPsIMOTO TToCceBa
yepes 30, 55 u 80 aueii mocie nmocesa (DAS) B ce3on 6opsr 2010-2011

Weed Management Index Agronomic Management Index | Integrated weed Management Index
Treatment WNunexc KOHTpOJIiI COPHBIX WHaeke arpoTeXHUYECKOro WHupexe I/IHTerI/IpOBaHHOI‘(z
pacTeHUn KOHTPOJIA KOHTPOJIA COPHBIX paCTCHUU
30 DAS 55 DAS 80 DAS 30 DAS 55 DAS 80 DAS 30 DAS 55 DAS 80 DAS

T, 0.51 0.47 0.31 0.13 0.11 0.001 0.57 0.53 0.31
T, 0.32 0.36 0.28 0.05 0.07 0.014 0.35 0.40 0.28
T, 0.15 0.14 0.08 -0.01 -0.02 -0.071 0.15 0.13 0.05
T, 0.23 0.18 0.17 0.05 0.01 0.001 0.26 0.18 0.17
T, 7.96 0.43 0.22 0.85 0.18 0.033 8.38 0.52 0.24
T, 5.13 0.43 0.26 0.80 0.16 0.047 5.53 0.51 0.28
T, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T,~T, annotation is given in Table 1.

Grain yield and yield components
In 2009-2010 (Table 12), the number of panicles m? was
the highest (389) under the treatment mefenacet+bensulfuron
methyl with THW (T,) which was statistically identical to
treatment with pyrazosulfuron ethyl with 1HW (T,) that
produced 373 panicles m followed by hand weeding performed

three times (T,) and BRRI weeder + 1 HW (T,). The lowest
panicle density (136) was observed in control (T.). Similarly,
the highest number of grains per panicle was produced in T,
treatment (89) although it did not differ statistically from all
other weeding treatment except control plot (T,). Mefenacet
+ bensulfuran methyl with 1THW (T,) resulted in the longest
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Figure 3. Relationship between weed biomass and yield loss in wet direct-seeded rice under alternate wetting
and drying irrigation condition on 30, 55 and 80 days after seeding (DAS)

Pucynoxk 3. B3aumozelicTBHe MeX Iy OMOMAcCOi COPHOI pacTeHUil U IOTepeil yporkas BIaKHOTO prca MPsIMOTo IMoceBa
IIpY TIONIEpEMEHHOM yBIaKHEHUH U ocymeHnH Ha 30, 55 u 80 cytku nmocne nocesa (DAS)

Table 12. Yield and yield contributing characters of WDSR in different weed management options under AWD condition
during the Boro seasons of 2009-2010 and 2010-2011

Taonauna 12. Ypoxaii 1 moka3areiay ypoxXaiHOCTH BIaXXHOTO PHCca MPSIMOTro OCEBa IPH MOIEPEMEHHOM YBIaXKHECHUN
1 ocymieHuH B ce30H 60pb1 2009—2010 1 2010-2011 rr.

Panicle number, ex. m-> | Number of grains per panicle | Weight of 1000 grains, g Grain yield, t ha!
Treatment q 21 q Bec 1000 H, T Vposkaii 3epHa, T ra’!
Obpadorka HCIIO METEJIOK, IIIT. M HCIIO 3epeH Ha METEIKY ec 3epeH, porKaii 3epHa, T ra
2009-2010 | 2010-2011 | 2009-2010 | 2010-2011 | 2009-2010 | 2010-2011 |2009-2010 | 2010-2011
T, 231 300 81 85 23.65 23.23 4.92 4.61
T, 261 317 82 87 23.07 23.09 5.41 5.32
T, 389 421 89 96 24.41 24.48 6.88 7.91
T, 373 395 85 93 24.00 24.09 6.53 7.71
T, 325 388 84 90 23.63 23.66 6.44 7.22
T, 316 352 83 88 24.35 23.32 6.19 6.64
T, 136 197 31 48 20.48 20.76 0.94 1.09
LSD(.,,) 46.40 29.90 14.03 15.83 1.47 1.62 1.33 0.48
CV (%) 8.98 4.96 10.31 10.59 2.76 3.93 14.07 4.68

T T, annotation is given in Table 1.

(22.53 cm) panicles which albeit were statistically not different
from those treated with pyrazosulfuron ethyl with IHW (T ).
The shortest (17.08 c¢cm) panicle length was obtained from
the control treatment (T.). A 1000-grain weight also varied
significantly among the treatments. The highest weight was
attained with T, treatment which was similar with triple hand-
weeding (T,). In the growing season of 2010-2011, similar

patterns were observed in the yield outcome. During 2009—
2010 & 2010-2011, the highest grain yield (6.88 and 7.91 t
ha') was produced from the treatment mefenacet+bensulfuron
methyl with THW (T,) which was on par with pyrazosulfuron -
ethyl + 1THW (T,) with grain yields of 6.53 and 7.71 t ha™'. The
control treatment produced significantly lower yield and yield
components during both seasons.

Discussion

Weed growth and weed control efficiency (%)

In general, weed density and biomass were lowest with
the herbicide mefenacet+bensulfuron methyl followed by
pyrazosulfuron ethyl at all observation dates during both
planting seasons, whereas the weedy control plot produced
the highest density and biomass of weeds. At 30 DAS, weed
density and biomass were comparable in the control, triple
hand-weeding, and BRRI weeder + one hand-weeding plots,
as no weeding had been applied in any of these treatments at
that time. At 30 DAS, a maximum reduction (as percentages
to weedy control) in total weed density and weed dry weight
was recorded 82.55% and 88.26%, respectively, in the
mefenacet+bensulfuron methyl treated plot followed by
pyrazosulfuron ethyl treatment with 77.36% and 84.59%.

Similarly, at 55 and 80 DAS, the reduction of average
weed number and biomass was more than 70% and 80%
for the treatment of mefenacettbensulfuron methyl and
pyrazosulfuron-ethyl. A significant impact of treatments on
weeds as observed in this study confirms the findings of many
other researchers (Jayaetal.,2011; Rao et al.,2007, Mahajan et
al., 2009). During both growing seasons, higher effectiveness
of weed control (WCE>80 %) was achieved with the treatment
mefenacet + bensulfuron methyl and Pyrazosulfuron. These
data agree with those by Bhuiyan and Gazi (2010), who
reported that mefenacet + bensulfuron methyl 53%WP @
594¢g ai ha! lead to higher WCE (> 80%) and lower density
and dry weight of weeds which ultimately resulted in higher
yield components and grain yield of rice.
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Weed infestation

In this study, rice fields were infested with different weed
species, exhibiting notable variation in their relative density
and importance value across different stages of the growing
season. During the 2009-2010 season, ten weed species were
identified in the unweeded control plots, while twelve species
were observed in the 2010-2011 season. Weed communities
consisted of a mixture of grasses, sedges, and broadleaf
species throughout both years. Scirpus juncoides was the most
dominant and consistently occurring species in both growing
seasons. In 2009-2010, Fimbristylis miliacea and Lindernia
floribunda were significantly present at 55 days after seeding
(DAS), likely due to their phenological traits and favorable
environmental conditions at that time. By contrast, during the
2010-2011 season, two other species, Ludwigia octovalvis
and Marsilea minuta were recorded, which may also relate
to conducive environmental factors specific to that season.
Analysis of weed relative density indicated that the sedge
Scirpus juncoides, along with the grasses Echinochloa crus-
galli and Cynodon dactylon, were the most prevalent species
in the weed community. Notably, the relative density of
broadleaf weeds increased in the later stages of the growing
season, while that of grasses and sedges declined. These
findings align with previous reports by Bhuiyan et al. (2010)
and Hasanuzzaman et al. (2008), who documented similar
patterns in weed population dynamics in rice ecosystems.

Relative proportions of different weed types

Weed management decisions may be efficient if based on
the relative weed density and dry matter weight in a given
weed community. In the present study up to 30 DAS, densities
of sedge weeds contributed over 80 % in most of the treatments
while broadleaf weeds contributed less, but over time, the
contribution of broadleaf weeds increased. At 55 and 80 DAS,
the relative contribution was also higher in sedges followed
by grass. At 30 DAS, weed dry matter contribution was
much higher in grasses followed by sedges and broadleaves.
However, at 55 and 80 DAS, the contribution of sedges and
broadleaves increased, although grasses still contributed the
most. Although sedges showed the highest densities, grasses
contributed more dry matter at all sampling times in both
growing seasons. Weed species composition changed over
time according to the period of the growing season and weed
management treatment in both years. The results of the present
study disagree with previous findings of Khaliq et al. (2011)
who found that broad-leaved weeds account for >50 % of total
weed dry biomass in the early season while grasses and sedges
contributed over 80 % in the late season. The local climate and
hydrology of the experimental site were conducive to luxurious
weed growth and diversity, as the fields were not immersed in
water due to AWD irrigation. The differences in weed density,
dry biomass, and relative proportions of different weed types
can be attributed partly to treatment differences and partly to
the inherent weed flora of the site. Understanding the structure
of weed communities, in terms of dry matter and density of
various weed types, will facilitate the development of effective
and economical weed management strategies in WDSR under
AWD irrigation system.

Weed Composition and Summed Dominance Ratio

SDR is more informative than any single measure in
reflecting the contribution of a weed species in the community.
During both growing seasons, at 30 and 55 DAS, the most

dominant weed species was Scirpus juncoides. After 55 DAS,
the weed species dominance pattern changed, with broadleaf
weeds dominated over sedges and grasses. However, in
control plots, grasses and sedges always showed the highest
dominance. The treatment mefenacet + bensulfuron methyl
and pyrazosulfuron - ethyl was also dominated by Scirpus
Jjuncoides followed by Echinochloa crus-galli and Cynodon
dactylon at 30 DAS but grasses and sedges were replaced by
broadleaves at 55 and 80 DAS in both growing seasons. In the
later sampling time (80 DAS), Lindernia floribunda was the
most dominant weed species in plots treated with mefenacet
+ bensulfuron methyl and pyrazosulfuron ethyl treatment,
accompanied with some other broadleaf and grass weeds.
Sphenoclea zeylanica, Lindernia floribunda and Leptochloa
chinensis started to dominate the weed community after 30
DAS in both growing seasons. Bhagat et al. (1999) stated that
the period from 45 to 60 DAS is the stage when maximum
weed pressure against the rice crop is observed. Rice yields
drastically declined to their lowest production when rice and
weeds competed in the absence of weed control measures
between 56 and 72 DAS (Mahfuza, 2006). In the present
study, it was found that sedges and grass weeds were highly
dominant in the early competition stages (30—55 DAS) across
treatments, while the broadleaves started to dominate after 55
DAS, reaching their peak at the latest stage. Based on summed
dominance ratio (SDR), averaged over two planting seasons,
the most dominant weed species could be arranged in the next
order: Scirpus juncoides > Echinochloa crus-galli > Cynodon
dactylon > Lindernia floribunda > Leptochloa chinensis >
Sphenoclea zeylanica > Cyperus iria > Cyperus difformis>
Fimbristylis miliaceae> Monochoria vaginalis. Anwar et al.
(2012) observed similar species dominance in aerobic rice
system in different weed management systems. Grass and
sedge weeds were found to be more aggressive in this study,
which might be due to AWD irrigation conditions that favored
grass and sedge weeds more than the broadleaf weeds at early
growing season. The abundance of broadleaf weeds under
water-saturated conditions has also been reported by Juraimi
etal. (2011).

Coefficient of similarity

Comparison of weed species composition between
treatments in each planting season were made using the
Sorensen Index of Similarity (S) (Goldsmith et al., 1986).
During 2009-2010, S value was 100 % indicating no difference
in weed species across treatments. In this planting season,
eight weed species were observed in each treatment. But
during 2010-2011, the S value was observed to range from
82.35to 100% at 30 DAS. Later, at 55 DAS the S value ranged
from 85.71 to 100% and at 80 DAS from 90.90 to 100 %.
These results revealed that differences in weed management
treatments did not significantly affect the composition of weed
species. These results are consistent with the observations of
Bhagat et al.(1999).

Weed indices and crop relationships

A lower Weed Persistence Index (WPI) was consistently
observed in plots treated with mefenacet + bensulfuron-methyl
and pyrazosulfuron-ethyl across all observation periods,
indicating the higher weed control effectiveness (WCE) of
these treatments during both growing seasons. At the initial
observation (30 DAS), the three hand weedings (3HW) and
BRRI weeder + one hand weeding (1HW) treatments recorded
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higher WPI values, as no weed control measures had yet
been applied, making these plots comparable to untreated
controls. During this stage, grasses and sedges contributed
predominantly to the higher WPI values. The application of
mefenacet + bensulfuron-methyl and pyrazosulfuron-ethyl
also resulted in consistently higher Crop Resistance Index
(CRI) values at all crop growth stages across both seasons,
reflecting improved crop competitiveness. These findings
align with those of Khaliq et al. (2011), who reported a lower
WPI (0.28) value under manual weeding and a higher WPI
(0.88) with bispyribac-sodium application. Furthermore, lower
values of the Weed Management Index (WMI), Agronomic
Management Index (AMI), and Integrated Weed Management
Index (IWMI) were recorded in the chemically treated plots,
confirming their superior weed control performance under
WDSR conditions with alternate wetting and drying (AWD)
irrigation. These results are consistent with Singh et al. (2008),
who also reported improved weed indices under integrated
weed control strategies.

Yield, yield components, and yield loss

Grain yield increased with weed management treatments
compared to the unweeded control in both years. The treatment
mefenacet+bensulfuron methyl achieved grain yields of 6.88
and 7.91 tha' in 2009-2010 and 20102011 years respectively.
This might be due to proper weed management in these plots,
which enhanced the efficiency of weed control resulting in
higher photosynthetic capacity, growth and development of
rice. The herbicides, oxadiargyl and pendimethalin, did not
produce better yield due to their phytotoxic effect on rice
seedlings and lower weed control efficiency. Our results agree
with those of many authors (Jaya et al., 2011; Bhuiyan et al.,
2010; Johnson et al., 2004). Weeding treatments consistently
resulted in higher yield and better yield components. Average
yield losses due to weed infestation were recorded at 83 %
in the 2009-2010 season and 84 % in the 2010-2011 season,
regardless of the weeding treatments applied.

Conclusion

Weeds are a major biological constraint in WDSR due to
the parallel emergence of weeds and rice seedlings, making
them difficult to control. Effective strategies for weed
management in WDSR depend on the critical period of weed
control, the local weed flora and the implementation method.
In order to achieve effective management of weeds in WDSR
under AWD irrigation multiple weed management techniques
were examined. Under AWD conditions in WDSR, Scirpus
Jjuncoides, Echinochloa crus-galli and Cynodon dactylon were
the most dominant weed species while Fimbristylis miliaceae,

Cyperus iria and Lindernia floribunda were only sporadically
recorded. Weed persistence index, weed management index,
and agronomic management index were lower in the mefenacet
+ bensulfuron methyl + 1HW and pyrazosulfuron - ethyl +
IHW treatments at 30, 55 and 80 DAS. The application of
pyrazosulfuron ethyl or mixture of mefenacet and bensulfuran
methyl, followed by hand weeding at 55 DAS resulted in
higher grain yield and proved to be the best weed management
option for WDSR under the AWD irrigation system.
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Ilonnomexcmosas cmamusn

BJIMSSHUE CTPATETMI BOPBBBI C COPHLIMU PACTEHUSIMU
HA X POCT U COCTAB COOBILECTBA, A TAKXXE YPOXAMHOCTbD BJIAXXHOI'O PMCA
[MPAMOI'O ITOCEBA I1PU ITOITEPEMEHHOM YBJIA’KHEHWW 1 OCYILIEHUUN
M.K.A. Byiisi', C.V. Byiis>, M.A. Canek', A. Xaryn'

!Banenadewickuil uncmumym usyuenus puca, Iasunyp, Banenadew
’Banenadewckuil cenbckoxossaicmaennulil yuusepcumem, Maiimancunex, Bananadew

*omeemcmeennwlil 3a nepenucky, e-mail: bhuiyanbrri@gmail.com

Cucrembl ynpaBieHHS BOJHBIMH pecypcamMH AJsl BIaXHOro puca mpsimoro mocesa (WDSR) ¢ momepemeHHBIM
yBIaXHeHHeM u ocymienneM (AWD) oxkaszamuck 3¢ dextuBHbIME pecypcocOeperaronmmu (RC) TexnHonormsmm uis
pon3BoACTBa prca. OMHAKO NPaKTHKA OOPHOBI C COPHBIMH PACTEHUSIMU B PEeCypcocOeperaromix TEXHOIOTHUsIX He ObuIa
JIOJDKHBIM 00pa3oM paccMOTpeHa B jnTeparype. Llenblo ITaHHOTO MccienoBaHMs ObIIIO M3ydeHHE NUHAMHKH COPHBIX
pacTeHnii 1 MHTETpUPOBaHHbBIX cTpareruii 6opsOsl ¢ HUMKH B WDSR B cucreme opomennss AWD. brito nposeneHo npa
TIOJIEBBIX IKCIIEPUMEHTA C CEMBIO BapHaHTaMH OOpHOBI ¢ COPHIKAMH B TEUCHHUE ABYX MOCIEI0BATENBHBIX BEreTallMOHHBIX
ce30H0B, 2009-2010 u 2010-2011, B banranenckoM HHCTUTYTE UCCIENOBaHUN puca, ['a3umyp. Pe3ynbrarTsl nokasanu,
4TO HanOoJIee BAXXHBIMHU OBIIIM TaKUe BUABL, KaK Scirpus juncoides, Echinochloa crus-galli n Cynodon dactylon. Hanipotus,
Fimbristylis miliaceae, Cyperus iria u Lindernia floribunda, no-BunumMomy, TprUHAAJISKaIN K HANMEHEE BaXKHOU TpyTIIe.
CopHble pacTeHHs, KOTOpbIe BMEIIMBAINCH B TE€UEHHE 55 THEH Mocie rmoceBa, OKa3ayid 3HAYUTENIbHOE BIMSHNAE Ha POCT
n ypoxaiHocTh prca. Co BpeMeHeM PEeHTHHT JOMUHHPOBAHUS COPHBIX PacTeHHH n3MeHwmIcs. [IpuMeHeHne repOunnIoB
MedeHaneT+oeHcynb(GYpOHMETHI M MHPa30CyIbQyPOHITIII BMECTE C OJHOPYYHOH MPONONKOH 3(P(PEKTUBHO CHMKAIO
POCT COPHBIX PACTEHHUMH, YTO NPUBOAWIO K Oosiee BBICOKOH 3(h(eKTUBHOCTH OOPHOBI C HUMH U YPOXKalHOCTH 3epHA. DTH
JiBe 00pabOTKN CHIDKAIIN TTOKa3aTellH, CBI3aHHbBIE C COPHBIMU PACTEHHUSMHU, U MOBBIIIAIIN YCTOHYUBOCTD KYyJIBTYP.

KnroueBble cjioBa: BeIpalIvBaHHWE pHca, AWHAMUKA COPHBIX PAacTEHHH, 60ppOa ¢ COPHBIMM PacTCHHSAMH, ypOXxKal

3epHa
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