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Abstract
Field experiments have been conducted 
at the MARDI Seberang Perai Research 
Station for two seasons: main season 
2005/2006 (October – February) and off-
season 2006 (March – September) to 
determine the effi cacy of herbicides in 
controlling weeds and their subsequent 
effect on rice productivity. Ten herbi-
cides widely used and available in the 
market have been evaluated singly, as 
mixtures and as sequential applications 
in direct seeded rice fi elds during critical 
period of weed competition under mini-
mal water conditions of less than 2 cm 
water depth. 

In main season the hierarchical posi-
tion of the four dominant weed species 
out of 10 species were Fimbristylis mil-
liaceae > Ludwigia hyssopifolia > Lepto-
chloa chinensis > Echinochloa crus-galli, 
this was completely reverse to that of off-
season where Echinochloa crus-galli > 
Leptochloa chinensis > Fimbristylis mil-
liaceae > Limnocharis fl ava. Seven of the 
eighteen treatments over the two crop-
ping seasons showed better broad spec-
trum weed control, increased grain yields 
and better yield component indicators. 
Due to variation of the dominant weed 
infestation between seasons the potential 
treatments were pretilachlor followed by 
bentazon/MCPA (T2), cyhalofop-butyl 
+ bensulfuron followed by bentazon/
MCPA (T4), bispyribac-sodium followed 
by bentazon/MCPA (T6), benthiocarb/
propanil followed by bentazon/MCPA 
(T8), penoxsulam + benthiocarb fol-
lowed by bentazon/MCPA (T10), fenox-
aprop-p-ethyl/safener + benthiocarb/
propanil followed by bentazon/MCPA 
(T12) and quinclorac + benthiocarb/pro-
panil followed by bentazon/MCPA (T14) 
in main season and Pretilachlor followed 
by bentazon/MCPA (T2), bispyribac-so-
dium followed by bentazon/MCPA (T6) 
and penoxsulam + benthiocarb followed 
by bentazon/MCPA (T10) in off-season. 
Rice yield losses due to weed competi-
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Introduction
The sustainability of world water re-
sources is of major concern to the global 
community. Population growth, economic 
development, urbanization and industri-
alization are imposing serious pressures 
on the water resources of many countries. 
Rice production, especially in the low-
lands, has raised international concern as 
it consumes high volumes of water that 
may not be sustainable into the future. 
Fresh water is becoming scarce, not only 
in arid and drought prone areas, but also 
in regions where rainfall is abundant. Ef-
fective management of water for agricul-
tural production in regions where water 
is scarce will require the use of innovative 
and sustainable approaches (Panda et al. 
2004). 

Weed species respond differently 
to changing water regimes (Janiya and 
Moody 1982, Kosaka et al. 2006), and soil 
moisture status is the major factor infl u-
encing weed fl ora composition (Drost and 
Moody 1982). In Malaysian rice farms of 
the Muda Irrigation Project, rapid chang-
es in water management practices have 
caused major shifts in weed populations 
from annuals to perennials, from shallow 
emerging to deep emerging weeds and 
from less competitive to more competitive 
weeds (Azmi and Baki 2007). 

Radosevich and Roush (1990) report-
ed that crop plants under competitive 
stress from weeds produced fewer pani-
cle bearing tillers with smaller panicles. 
The greatest competition caused by weeds 

generally occurs during the first 25 to 
33% of the crop life cycle (Mercado 1979). 
Therefore, weeds have to be controlled 
before the onset of competition or with-
in the critical period to ensure increased 
crop productivity. In direct seeded rice, 
in large scale farming, traditional manual 
control of weeds within the critical period 
is not feasible and herbicides are the only 
attractive alternative for weed control at 
present. However, repeated used of the 
same herbicide on the same fi elds has of-
ten led to the development of herbicide re-
sistance in weed populations (Heap 2005). 
Application of two or more herbicides, 
simultaneously or sequentially, is a very 
common approach for weed management. 
Tank mixtures have often been preferred 
because they require less time, cost less 
than applying each herbicide individu-
ally and usually increase the spectrum of 
weed control (Ooi et al. 2000). Herbicide 
mixtures may also help to prevent the de-
velopment of resistance as well as mini-
mizing shifts in weed populations that are 
always associated with the use of a single 
herbicide (Wrubel and Gressel 1994).

Therefore, this study was conducted to 
evaluate the potential of some herbicides, 
as single, tank mix or sequential applica-
tions, during the critical period of weed 
competition in direct seeded rice under 
minimal water conditions, to increase rice 
yield.

Materials and methods
Field experiments were carried out at a 
farm in the Malaysian Agriculture Re-
search and Development Institution 
(MARDI) Seberang Perai Station in main 
season 2005/2006 (October – February) 
and off-season 2006 (March – September). 
The soil was Sogomana Series with aver-
age pH of 5.0, 1.1% organic matter content 
and 84 cation exchange capacity (CEC). 
The local climate is tropical with annual 
average rainfall ranging between 156–208 
cm, the minimum and maximum annual 
mean temperature was 25 and 35°C re-
spectively. 

The experiment was laid out in ran-
domized complete block design, with 
fi ve replications. A total of 18 treatments 
(T1 – T18) (Table 1) which include one 
pre-emergence herbicide and nine early 
post-emergence herbicides were applied 
as single applications, tank mixes and se-
quential applications. These herbicides are 
widely used and available in the market 
and were applied at the manufacturers’ 
recommendation rates. Time of applica-
tion was within the critical period of weed 
competition under saturated water condi-
tions and application was made 7 DAS. 
Manual weeding treatments were also 
included with weeding over the critical 
period and at the start and end of the criti-
cal period. An unweeded check was also 
included (Table 1.). 
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The plot size was 5 × 5 m. Each plot 
was surrounded by a 25 cm high by 25 cm 
wide levee and had independent canals 
for fl ooding and draining. A 2 cm water 
depth was maintained in all treatments af-
ter 7 DAS until two weeks before harvest. 
Land preparation and crop protection ex-
cept for weed control was done according 
to the MARDI’s High Yield Rice Cultiva-
tion Manual. Pre-germinated seeds of MR 
220 rice variety at a rate of 150 kg ha−1 were 
broadcasted by hand in each treatment 
except for the hand weeding treatments 
where row seeding was done at a same 
seed rate using drum seeder to give acces-
sibility for hand weeding with minimal 
crop damage. Total fertilizer requirements 
were applied as 170 kg N ha−1, 80 kg P2O5 
and 150 kg K2O ha−1 as in MARDI’s High 
Yield Rice Cultivation Manual. Fertilizers 
P2O5 and K2O were used as basal appli-
cation and one third of N fertilizer was 
applied at 15 DAS, 35 DAS, and 55 DAS. 

A 50 × 50 cm quadrat was used for 
measuring weeds density and dry weight 
at 60 DAS described by Bhagat et al. (1999). 
The weeds were separated into different 
species and all biomass was weighed. At 
harvest, yield components were observed 

by taking samples from a 25 × 25 cm quad-
rat. Yield components recorded were the 
number of panicles m−2, number of grains 
per panicle, number of fi lled grains per 
panicle, unfi lled grains per panicle (%) 
and 1000-grain weight. Rice grain yield 
were obtained from the centre of the 5 × 5 
m area of each plot at harvesting and con-
verted to kg ha−1 at 14% moisture content. 
The data obtained were analysed using 
SAS package (SAS Institute Inc. 1999) for 
analysis of variance (ANOVA) and signifi -
cant differences were tested using Tukey’s 
studentized range test at the 5% level of 
probability.

The major or dominant weed species 
can be determined from the sum domi-
nance ratio (SDR) values expressed as a 
percentage which were computed using 
the following equation (Janiya and Moody 
1989):

 Relative density (RD) + 
 Relative dry weight (RDW)
SDR of a species = 
 2
Where,
 Density of given species
RD = 
 Total density 

× 100

 Dry weight of given species
RDW = 
 Total dry weight 

× 100

Canonical correspondence analyses 
(CCA) through the computer program 
CANOCO (ter Braak 1996) were conduct-
ed to assess association, if any, between 
species prevalence and the yield and yield 
components. Biplot scaling of dominant 
species vectors indicate the associations of 
weed abundance with rice yield and yield 
components. Association of species abun-
dance and yield can be ascertained by the 
direction of the vectors. Vector lengths in-
dicate the relative strength of the associa-
tion between the respective weed species 
and yield.

Results and discussion
Weed composition
A total of 10 weed species belonging to 
seven families was observed in unweeded 
plots in both seasons, three species were 
in Poaceae, two species were in Cyper-
aceae and one species each in Onagraceae, 
Limnocharitaceae, Pontediaraceae, Scro-
phulariaceae and Marsileaceae (Table 2). 
In main season the four dominant weed 

Table 1. Herbicide treatments.
Label Treatment Application

Rate Time of application

T1 pretilachlor 0.5 kg a.i. ha−1 1 DAS

T2 pretilachlor followed by (fb) bentazon/MCPA 0.5 kg a.i. ha−1 fb 0.041/0.006 kg a.i. ha−1 1 DAS fb 40 DAS

T3 cyhalofop-butyl + bensulfuron 100 g a.i. ha−1 + 0.016–0.004 kg a.i. ha−1 8 DAS

T4 cyhalofop-butyl + bensulfuron followed by bentazon/
MCPA 

100 g a.i. ha−1 + 0.016–0.004 kg a.i. ha−1 
fb 0.041/0.006 kg a.i. ha−1

8 DAS fb 40 DAS

T5 bispyribac-sodium 250–300 mL product ha−1 8 DAS

T6 bispyribac-sodium followed by bentazon/MCPA 250–300 mL product ha−1 fb 0.041/0.006 
kg a.i. ha−1

8 DAS fb 40 DAS

T7 benthiocarb/propanil (1.0 kg a.i ha−1 + 0.5 kg a.i ha−1) 5 DAS

T8 benthiocarb/propanil followed by bentazon/MCPA (1.0 kg a.i ha−1 + 0.5 kg a.i. ha−1) fb 
0.041/0.006 kg a.i. ha−1

5 DAS fb 40 DAS

T9 penoxsulam + benthiocarb/propanil 0.5 L product ha−1 + (1.0 kg a.i. ha−1 + 
0.5 kg a.i. ha−1)

8 DAS

T10 penoxsulam + benthiocarb follow by bentazon/MCPA 0.5 L product ha−1 + 6 L product ha−1 fb 
0.041/0.006 kg a.i. ha−1

8 DAS fb 40 DAS

T11 fenoxaprop-p-ethyl/safener + benthiocarb/Propanil 870 mL ha−1 product + 6 L product ha−1 8 DAS

T12 fenoxaprop-p-ethyl/safener + benthiocarb/propanil 
followed by bentazon/MCPA 

870 mL ha−1 product + 6 L product ha−1 
fb 0.041/0.006 kg a.i. ha−1

8 DAS fb 40 DAS

T13 quinclorac + benthiocarb/propanil 0.25 kg a.i. ha−1 + (1.0 kg a.i ha−1 + 0.5 kg 
a.i. ha−1) 

8 DAS

T14 quinclorac + benthiocarb/propanil followed by 
bentazon/MCPA 

0.25 kg a.i. ha−1 + (1.0 kg a.i.125 ha−1 + 
0.5 kg a.i. ha−1) fb 0.041/0.006 kg a.i. ha−1

8 DAS fb 40 DAS

T15 Weed free at critical period 8 DAS – 51 DAS

T16 Manual weeding early critical period 8 DAS

T17 Manual weeding end of critical period 51 DAS

T18 Unweeded Up to harvest
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species were Fimbristylis milliaceae > Lud-
wigia hyssopifolia > Leptochloa chinensis > 
Echinochloa crus-galli which was com-
pletely reversed in the off-season where 
Echinochloa crus-galli > Leptochloa chinensis 
> Fimbristylis milliaceae > Limnocharis fl ava. 
Note that in off-season Limnocharis fl ava 
was more dominant than Ludwigia hyssopi-
folia (Table 2). The weed composition and 
weed growth may be affected because of 
changes in climate with season, weed seed 
bank status and the periodicity of germi-
nation pattern of different weed species. 

The dominant group of weeds was 
different in both seasons. In main sea-
son (2005/2006), sedges were the most 
dominant weeds (42.63% SDR) followed 
by broadleaved weeds (33.14% SDR) and 
grasses (24.23% SDR) whereas, in off-
season (2006) grasses (56.46% SDR) 
were most dominant followed by sedges 
(24.27% SDR) and broadleaved weeds 
(17.56 % SDR). Variation of dominant 
weed type between the two seasons may 
be the result of higher rainfall in main 
season. As a whole, grasses were more 
dominant than sedges and broadleaves. 
This trend in order of prevalence of these 
weeds communities in the Muda area was 
also supported by Azmi et al. (1993). They 
noted that farmers in the Muda area used 
high inputs of agrochemicals. However, 
the grassy weeds may have escaped herbi-
cide damage as several of the species were 
not adequately controlled by a number of 
herbicides in current use. The same area 
was surveyed by Azmi and Baki (2007) 
who reported that weed species across 
seasons were dominated by grasses 

especially Oryza sativa (weedy rice), E. 
crus-galli complex and L. chinensis.

Weed control
The herbicides pretilachlor, cyhalofop-
butyl + bensulfuron, bispyribac-sodium, 
benthiocarb/propanil, penoxsulam + ben-
thiocarb/propanil, fenoxaprop-p-ethyl/

safener + benthiocarb/propanil and quin-
clorac+ benthiocarb/propanil followed 
with sequential applications of bentazon/
MCPA (treatments T2, T4, T6, T8, T10, T12 
and T14) showed a broader spectrum of 
weed control compared to single or tank 
mixtures (treatments T1, T3, T5, T7, T9, 
T11 and T13) in main season (Figure 1). 

Table 2. Dominant weeds at 60 DAS in main season 2005/2006 and 
off-season 2006.
Weed species Sum dominance 

ratio (SDR %)
Weed type Family name

Main season

Fimbristylis miliacea 40.29 Sedge Cyperacea
Ludwigia hyssopifolia 13.52 Broadleaf Onagraceae
Leptochloa chinensis 12.30 Grass Poaceae
Echinochloa crus-galli 10.88 Grass Poaceae
Limnocharis fl ava 9.54 Broadleaf Limnocharitaceae
Monochoria vaginalis 7.87 Broadleaf Pontederiacea
Cyperus iria 2.34 Sedge Cyperacea
Bacopa rotundifolia 2.21 Broadleaf Scrophulariaceae
Echinochloa colona 1.05 Grass Poaceae
Off-season

Echinochloa crus-galli 32.53 Grass Poaceae
Leptochloa chinensis 23.22 Grass Poaceae
Fimbristylis miliacea 22.15 Sedge Cyperacea
Limnocharis fl ava 13.45 Broadleaf Limnocharitaceae
Monochoria vaginalis 2.40 Broadleaf Pontederiacea
Marsilea crenata 2.22 Broadleaf Marsileaceae
Cyperus iria 2.12 Sedge Cyperacea
Ludwigia hyssopifolia 1.20 Broadleaf Onagraceae
Echinochloa colona 0.71 Grass Poaceae

Figure 1. Per cent weed controlled based on weed weight in main season 2005/2006.

0

20

40

60

80

100

120

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18

Treatments

P
er

 c
en

t w
ee

ds
 c

on
tr

ol
le

d 
(%

)

BROADLEAVES GRASSES SEDGES



22   Plant Protection Quarterly Vol.25(1)  2010

The two manual weeding treatments at 
critical period and end of critical period 
(T15 and T17) also showed a broad spec-
trum weed control. Some herbicide treat-
ments viz. T2, T4, T6, and T8 effectively 
gave 100% weed control. 

In off-season the sequential herbicides 
application treatments as well as manual 
weeding treatments at critical period and 
end of critical period was also showed bet-
ter weed control than single herbicides ap-
plication treatments (Figure 2). Sequential 
herbicide treatments T8 and T10 gave a 
100% weed control of broadleaved weeds, 
sedges and grasses although other sequen-
tial herbicide treatments viz. T6, T12, T13 
and T14 were not able to give 100% control 
of grassy weeds. Broadleaved weeds were 
poorly controlled (<50%) in treatment T4 
and T5 probably because of the presence 
of more dominant grassy species. Also 
the broadleaf weed Limnocharis fl ava was 
found to be herbicide resistant as reported 
by Azmi (2003). 

Yield component 
In main season the number of panicles 
ranged from 379 to 552 m−2 (Table 3). Treat-
ment 2 (T2) where pretilachor was applied 
at 1 DAS followed by bentazon/MCPA at 
40 DAS had signifi cantly more panicles 
than T1 and the unweeded control (T18). 
Numerically more than 500 panicles m−2 
was observed from the sequential treat-
ments pretilachor, bispyribac-sodium 
and benthiocarb/propanil followed by 

Figure 2. Per cent weed controlled based on weed weight in off-season 2006. 
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bentazon/MCPA (T2, T6 and T14) com-
pared with the single herbicide applica-
tion treatment and unweeded treatment 
(T1 and T18) which had less than 400 pani-
cles m−2 (Table 3). Total grains per pani-
cle was higher in plots weeded at critical 
period and end of the critical period (T15 
and T17) than the unweeded control (T18) 
Other treatments did not differ from treat-
ment T18 (unweeded), but the higher to-
tal grain does not promise a better yield 
because only filled grain contribute to 
grain yield. There were signifi cantly more 
fi lled grains per panicle in the treatments 
T4, T10, T14 T15 and T17 than in T18 (un-
weeded control). Per cent unfi lled grain 
and 1000-grain weight showed no signifi -
cant differences at P = 0.05. 

In the off-season, average number of 
panicles was 386 m−2 (Table 4). The highest 
number of panicles was found in sequen-
tial herbicide treatment quinclorac + ben-
thiocarb/propanil followed by bentazon/
MCPA (T14) which was signifi cantly dif-
ferent (P = 0.05) to the unweeded control 
plot T18 (Table 4). The rest of treatments 
ranged between 320–430 panicles m−2 and 
showed no signifi cant differences. Treat-
ments had no signifi cant infl uenced on to-
tal grains panicle−1, fi lled grains panicle−1, 
unfi lled grains panicle−1 and 1000-grain 
weight.

Generally, the potential yield of a rice 
crop is determined by four yield compo-
nents: number of productive tillers m−2, 
number of grains panicle−1, % fertile grains 

panicle−1 and 1000-grain weight (Noda 
1977). Here, it was interesting to note that, 
although the number of productive tillers 
was severely reduced by weedy competi-
tion, the three yield contributing characters 
grains panicle−1, % fertile grains panicle−1 
and 1000-grain weight were almost unaf-
fected. Sharma et al. (1977) observed simi-
lar phenomena in direct-seeded rice where 
numbers of effective tillers were signifi -
cantly reduced by competition from grass-
es, sedges and broad-leaved weeds, but 
the panicle length and 1000-grain weight 
were unaffected. On the other hand, Azmi 
(1990) found no signifi cant effect on the 
number of seeds panicle−1 and 1000-grain 
weight due to weed interference for differ-
ent durations from 15 DAS to season-long 
interference. In this study, the number of 
productive tillers m−2 was the only yield 
component reduced by weed competition. 
Similarly, Begum et al. (2008) observed 
that reduction of rice grain yield due to 
competition from F. miliacea accompanied 
by high weed dry matter are primarily 
caused by fewer productive tillers m−2. 
Johnson et al. (2004) also found that the 
increasing duration and competition of 
weed interference decreased the number 
of productive tillers m−2, but had no sig-
nifi cant effect on the percentage of fi lled 
grains, or the 1000-grain weight of rice.

Grain yield 
In main season the sequential herbi-
cide application resulted in higher yield 
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Table 3. Yield and yield components of rice in main season 2005/2006.
Treatment Panicle 

m−2 (no.)
Total grain 

panicle−1 (no.)
Filed grains 

panicle−1 (no.)
Unfi lled grains 

panicle−1 (%)
1000-grains 
weight (g)

Grain 
yield (t ha−1)

T1 398 b 62 ab 40 de 35 25.08 1.96 bc
T2 552 a 79 ab 46 bcde 43 25.22 2.05 abc
T3 464 ab 60 ab 40 de 33 25.72 1.60 cd
T4 485 ab 86 ab 59 abc 31 25.56 2.36 abc
T5 446 ab 62 ab 40 de 33 25.90 2.22 abc
T6 506 ab 66 ab 45 bcde 29 25.32 2.27 abc
T7 483 ab 67 ab 41 de 36 25.52 1.91 bcd
T8 486 ab 76 ab 48 bcde 36 25.24 2.04 abc
T9 482 ab 64 ab 42 cde 35 24.38 2.09 ab
T10 493 ab 81 ab 54 abcd 33 24.88 2.22 abc
T11 422 ab 78 ab 43 bcde 43 25.76 1.92 bc
T12 480 ab 77 ab 49 bcde 34 24.58 2.45 ab
T13 472 ab 67 ab 47 bcde 30 24.98 2.31 abc
T14 522 ab 67 ab 55 abcd 17 25.50 2.53 ab
T15 464 ab 92 a 69 a 25 25.60 2.80 a
T16 438 ab 71 ab 44 bcde 38 25.16 1.91 bcd
T17 432 ab 88 a 60 ab 28 25.36 2.40 ab
T18 379 b 51 b 35 e 30 24.30 1.16 d
R2 35.85 37.56 62.86 31.37 20.90 61.22
Pr > F 0.0225 0.0073 <0.0001 0.1899 0.5568 <0.0001
Mean 467 72 48 33 25.23 2143.19
T1 = pretilachor, T2 = pretilachor followed by (fb) bentazon/MCPA, T3 = cyhalofop-butyl + bensulfuron, T4 = cyhalofop-butyl + 
bensulfuron followed by bentazon/MCPA, T5 = bispyribac-sodium, T6 = bispyribac-sodium followed by bentazon/MCPA, T7 = 
benthiocarb/propanil, T8 = benthiocarb/propanil followed by bentazon/MCPA, T9 = penoxsulam + benthiocarb/propanil, T10 = 
penoxsulam + benthiocarb follow by bentazon/MCPA, T11 = fenoxaprop-p-ethyl/safener + benthiocarb/propanil, T12 = fenoxaprop-
p-ethyl/safener + benthiocarb/propanil followed by bentazon/MCPA, T13 = quinclorac + benthiocarb/propanil, T14 = quinclorac + 
benthiocarb/propanil followed by bentazon/MCPA, T15 = Weed free at critical period, T16 = Manual weeding early critical period, 
T17 = Manual weeding end of critical period, T18 = Unweeded.

Table 4. Yield and yield components of rice in off-season 2006.
Treatment Panicle 

m−2 (no.)
Total grain 

panicle−1 (no.)
Filed grains 

panicle−1 (no.)
Unfi lled grains 

panicle−1 (%)
1000-grains 
weight (g)

Grain 
yield (t ha−1)

T1 367 ab 119 78 36 25.49 2.02 cd
T2 400 ab 132 89 29 25.67 3.60 a
T3 412 ab 126 83 29 25.38 2.33 bcd
T4 430 ab 143 94 25 25.52 2.59 bc
T5 387 ab 121 86 28 24.63 2.64 bc
T6 392 ab 139 100 29 26.33 2.97 ab
T7 377 ab 120 91 24 24.57 2.48 bcd
T8 412 ab 131 94 29 24.77 2.48 bcd
T9 381 ab 109 75 34 24.32 2.62 bc
T10 418 ab 131 101 24 24.44 2.83 abc
T11 320 ab 132 100 23 24.39 1.95 cd
T12 370 ab 173 78 49 23.95 2.38 bcd
T13 363 ab 134 75 40 25.06 2.09 bcd
T14 444 a 150 91 33 25.54 2.35 bcd
T15 410 ab 149 89 34 26.31 2.64 bc
T16 388 ab 117 84 28 25.43 2.08 bcd
T17 382 ab 122 73 37 25.46 2.19 bcd
T18 297 b 99 72 28 23.74 1.68 d
R2 54.52 54.36 37.54 39.09 34.84 63.03
Pr > F 0.0376 0.1818 0.1186 0.4819 0.1217 <0.0001
Mean 386 130 86 31 25.06 2440
Legend for T1 – T18 see legend Table 3.
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compared with single herbicide appli-
cation (Table 3). Treatment 15 (manual 
weeding) which was weed free during 8 
DAS–51 DAS gave the highest yield (2.80 
t ha−1), but again this technique is not 
practical in direct seeded rice under satu-
rated condition because of labour short-
ages. Among the herbicide treatments the 
highest yield (2.53 t ha−1) was observed 
by using the application of quinclorac and 
benthiocarb/ propanil at 8 DAS followed 
by bentazon/MCPA at 40 DAS (T14) 
which was identical for many other herbi-
cide treatments except for T1,T3, T7, T11 
and T16 (Table 3). Unweeded treatment 
(control T18) produced the lowest grain 
yield (1.16 t ha−1) which was a reduction 
of almost 60% of grain yield. The relation-
ship among weed species, treatments, 
yield and yield component in main sea-
son 2005/2006 was showed in Canonical 
Correspondent Analysis (CCA) ordina-
tion diagram by biplot scaling of domi-
nant species vectors length and its relative 
strength of the association between the 
respective weed species abundance with 
rice yield and yield components (Figure 
3). The diagram showed treatment T2, T4, 
T6, T8, T10, T14, T15 and T17 could give 
better weed control with a better fi lled 
grain, high number of panicles and a bet-
ter grain yield compared to T1, T3, T7, T11, 
T16 and T18. The latter treatments were 
associated with weeds that also indicate a 
poor weed control.

In the off-season, the sequential herbi-
cide application treatment gave a higher 
grain yield compared to single herbicide 
application following a similar trend to 
main season (Table 4). The highest yield 
was observed where weeds were control-
led at 1 DAS using pretilachlor followed 
by bentazon/MCPA at 40 DAS (T2) which 
was not signifi cantly different (P = 0.05) 
from other sequential herbicide treatments 
such as bispyribac-sodium followed by 
bentazon/MCPA (T6) and penoxsulam + 
benthiocarb follow by bentazon/MCPA 
(T10) (Table 4). The lowest grain yield was 
observed in unweeded plot (T18) (1.68 t 
ha−1) which was statistically similar to 
pretilachlor (T1) and fenoxaprop-p-ethyl/
safener + benthiocarb/propanil (T11) and 
many other treatments. Unweeded treat-
ment reduced grain yield by about 54% 
compared to the highest grain yield. Al-
though manual weeding treatments dur-
ing the critical period and at the end of 
the critical period (T15 and T17) showed 
a better per cent of weed control, dam-
aged to the crop and pollination processes 
resulted in a poor yield. Canonical Cor-
respondent Analysis (CCA) ordination 
diagram showed that treatment T2, T4, 
T8, T10, T14, and T17 gave a better weed 
control on sedges and grassy weeds com-
pared to treatment T1, T3, T6, T11, T16 and 
T18 (Figure 4). Similarly, Azmi and Baki 
(2007) observed that the CCA ordination 

Figure 3. Canonical correspondent analysis ordination diagram denoting 
the relationships between weed species at 60 DAS, treatments, yield and 
yield component in main season 2005/2006.(Yield = grain yield, fi llp = 
Filled grain panicle−1, ttlp = total grain panicle−1, pan = panicles meter−2, gwt 
= 1000-grain weight, unfi lp = %unfi lled grain panicle−1, Ecol = E. colona, 
Cir = C. iria, Mvag = M. vaginalis, Lchi = L. chinensis, Lfl a = L. fl ava, Fmil 
= F. miliacea, Ecrus = E. crus-galli, Lhys = L. hyssopifolia, Brot = Bacopa 
rotundifolia).
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Figure 4. Canonical correspondent analysis ordination diagram denoting 
the relationships between weed species at 60 DAS, treatments, yield and 
yield component in off-season 2006. (Yield = grain yield, fi llp = Filled grain 
panicle−1, ttlp = total grain panicle−1, pan = panicles m−2, gwt = 1000-grain 
weight, unfi lp = %unfi lled grain panicle−1, Ecol = E. colona, Cir = C. iria, 
Mvag = M. vaginalis, Lchi = L .chinensis, Lfl a = L. fl ava, Fmil = F. miliacea, 
Ecrus = E. crus-galli, Lhys = L. hyssopifolia, Mcre = Marsilea crenata).
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diagram denotes the variable relation-
ships between weed species, yield com-
ponents and rice yield.

After an evaluation for two seasons the 
combination of better weed control with 
high grain yield is important in selecting 
weed management procedures especially 
in minimal water conditions where weeds 
must be control in order to reduce compe-
tition and reduce incidence of other pests 
using weeds as a host. Treatments T2, T4, 
T6, T8, T10, T12 and T14 in main season 
and treatments T2, T6 and T10 in off-sea-
son have showed a better weed control 
with a better grain yield. The fi ve treat-
ments involved sequential herbicide ap-
plication treatments giving a broad spec-
trum weed control. 
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