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Abstract
A fi eld experiment was conducted to de-
termine the effect of submergence peri-
ods and herbicides on the control of red 
sprangletop (Leptochloa chinensis (L.) 
Nees) in transplanted rice on a loamy 
sand soil during summer 2003 and 2004 
at Punjab Agricultural University, Lu-
dhiana. The experiment was a split plot 
design with three submergence periods 
(one, two and three weeks after trans-
planting rice) in the main plots and four 
herbicides (butachlor 1.5 kg ha−1, anilofos 
0.375 kg ha−1, pretilachlor 0.75 kg ha−1 and 
pyrazosulfuron 0.015 kg ha−1) along with 
unweeded control in the sub plots. 

The two and three week submergence 
periods, though statistically similar, gave 
signifi cantly better control of L. chinensis 
than one-week submergence leading to 
improved growth and yield of transplant-
ed rice. The one week submergence pe-
riod resulted in 10.3 and 10.7 times more 
dry matter accumulation by L. chinensis 
and 19.7 and 20.7% less effective tillers 
of rice than two and three week submer-
gence periods, respectively. All the her-
bicides applied gave statistically similar 
weed control and were signifi cantly bet-
ter than the unweeded control but only 
when the fi eld was kept submerged for 
at least two weeks. The herbicides gave 
poor weed control under one week sub-
mergence. The herbicide application 
reduced weed count by 91% on average 
over the unweeded control. The submer-
gence period of two and three week gave 
46.7 and 48.1% increase in grain yield of 
rice over the one week submergence.
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Introduction
Rice (Oryza sativa L.) is a major food crop 
in the tropics in general and India in 

particular. Weed infestation can cause a 
reduction of 35 to 55% of grain yield (Gau-
tam and Mishra 1995) under transplanted 
condition. Continuous use of the butachlor 
group of herbicides since 1975 has caused a 
shift in the weed fl ora of the crop. Leptoch-
loa chinensis L. (synonym Poa chinensis), an 
annual warm season C-4 grass, is emerg-
ing as a new weed of rice crop in Punjab. 
Rice grown in light or medium textured 
soils is severely infested with this weed. 

Water submergence and herbicides are 
promising for weed control in transplant-
ed rice. Continuous submergence lowers 
weed dry matter production and increases 
rice yields (Singh and Singh 1988). Expo-
sure of soil surface at any time during the 
fi rst three weeks after transplanting en-
courages weed germination (Moomaw et 
al. 1966). All L. chinensis plants, when com-
pletely covered with water at 2, 3, 4, 5 and 
6 leaf stages were killed regardless of their 
leaf stages (Poolkumlung et al. 2001). 

The use of pre-emergence herbicides 
makes it possible to contain weed growth 
after the crop is transplanted and may al-
low better utilization of resources by the 
crop (Sharanappa et al. 1994). Singh et al. 
(2002) found that anilofos at 0.375 kg ha−1 
and pyrazosulfuron at 0.01, 0.015 and 0.03 
kg ha−1 effectively controlled weeds includ-
ing L. chinensis and increased grain yield 
of transplanted rice. Kathiresan (2004) re-
ported effective control of L. chinensis with 
pre-emergence application of butachlor. 

The objective of these studies was to 
examine the synergistic effect of submer-
gence periods and herbicides on the popu-
lation and growth of L. chinensis and yield 
of transplanted rice.

Materials and methods
The experiment was conducted in the 
Department of Agronomy and Agrom-
eteorology at Punjab Agricultural Univer-
sity, Ludhiana for two years during the 

summer 2003 and 2004. The soil under ex-
perimental conditions was a sandy loam 
(78.7% sand, 13.8% silt and 7.5% clay), pH 
8.2 and electrical conductivity (EC) 0.21 
dS m−1, and low in organic carbon (0.21%), 
medium in available nitrogen (315 kg 
ha−1), high in available phosphorus (31.4 
kg ha−1) and medium in available potas-
sium (224 kg ha−1).

The experiment was conducted as a 
split plot design with four replications. 
The three submergence periods (one, two 
and three weeks after transplanting rice) 
were kept in main plots and fi ve weed 
control treatments (butachlor 1.5 kg ha−1, 
anilofos 0.375 kg ha−1, pretilachlor 0.75 
kg ha−1, pyrazosulfuron 0.015 kg ha−1 and 
unweeded control) in sub plots. The sub-
mergence treatments in the main blocks 
were fl ooded to a depth of 7.5 cm during 
the treatment period and thereafter irriga-
tion was given two days after the ponded 
water had infi ltrated taking precaution 
that cracks did not appear in the fi eld. 
All the other weeds, except L. chinensis, 
were manually removed. The herbicides 
were applied pre-emergence by mixing 
with sand (150 kg ha−1) within two days of 
transplanting the rice in 4–5 cm standing 
water. The rice variety PR 116 was trans-
planted on 26th and 25th June and har-
vested on 18th and 20th October during 
the 1st and 2nd year, respectively. Recom-
mended fertilizer applications (125 kg N, 
30 kg P2O5 and 30 kg K2O ha−1) were made 
to the crop. The grain yield of rice was re-
corded from a net plot size of 3.4 m × 3.9 
m. The data on rice tillers and dry matter 
accumulation by rice were recorded from 
a row length of 60 cm and converted to an 
area basis. The data on weed count and 
weed dry matter accumulation were re-
corded from three spots at the time of crop 
harvest by using a 45 cm × 45 cm quadrat. 
The samples for dry matter were fi rst sun 
dried and then oven dried at 60°C. Weed 
data were square root transformed √(x + 
0.5) for statistical analysis. The statistical 
analysis was done to calculate the Least 
Signifi cant Difference (LSD) at 5% level of 
signifi cance by using the statistical pack-
age CPCS1 (Cheema and Singh 1991). 

Results 
The effect of different submergence peri-
ods on L. chinensis (Table 1) and the crop 
(Table 2) was signifi cant only during the 
second year of experimentation. 

Effect on L. chinensis 
Effect of submergence periods   The sub-
mergence periods exhibited a signifi cant 
effect on the population and dry matter 
accumulation by L. chinensis during the 
second year. The two and three week sub-
mergence periods were signifi cantly bet-
ter than one-week submergence period in 
reducing the population and dry matter 
accumulation by this weed. One-week 
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submergence period recorded signifi cant-
ly higher weed count (35.5 m−2) than that 
under two (8.5 m−2) and three week (6.8 
m−2) submergence periods. The two and 
three week submergence periods were not 
signifi cantly different (Table 1). 

More dry matter was accumulated by 
L. chinensis on average during 2004 than 
2003. The unweeded control plots accu-
mulated 1.64 and 2.90 t ha−1 of dry matter 
during 2003 and 2004, respectively. Under 
one-week submergence period, the weed 
accumulated 10.3 and 10.7 times more dry 
matter than two and three week submer-
gence periods, respectively. The differenc-
es between two and three week submer-
gence periods were non-signifi cant.

Effect of herbicides   The herbicide treat-
ments gave a signifi cant reduction in the 
population numbers and dry matter ac-
cumulation by the weed compared to 
unweeded control during both the years. 

There were no signifi cant differences be-
tween herbicides for weed count and dry 
matter accumulation. On average, herbi-
cide application reduced weed count by 
91% over the unweeded control. 

Interaction   A signifi cant interaction for 
dry matter accumulation between differ-
ent submergence periods and weed con-
trol treatments was observed during the 
second year of experimentation (Table 3). 
The different weed control treatments had 
non signifi cant differences under the one 
week submergence period, while herbi-
cide application irrespective of the treat-
ments gave complete control under two 
and three week submergence periods. 

Effect on crop
Effect of submergence periods   No 
significant differences in crop param-
eters were demonstrated in 2003. During 
2004, the crop under two and three week 

submergence periods produced signifi -
cantly more effective tillers m−2, a higher 
leaf area index (LAI), greater dry mat-
ter accumulation, longer panicles, more 
grains per panicle and a higher grain yield 
than one-week submergence (Table 2). The 
one-week submergence period produced 
19.7 and 20.7% less effective tillers than 
two and three week submergence periods, 
respectively. The maximum LAI stage oc-
curred 65 days after transplanting when 
the two and three week submergence pe-
riods had 25 and 29% higher LAI, respec-
tively than one-week submergence period. 
The two and three week submergence 
periods produced 16.5 and 16.7% respec-
tively, higher dry matter accumulation by 
the crop than one-week submergence pe-
riod. The submergence periods of two and 
three week produced signifi cantly longer 
panicles (23.5 cm) than that of one-week 
submergence period (22.0 cm). The sub-
mergence periods of two and three week 
were statistically on par with each other. 

During 2004, grain yield with two (6.25 
t ha−1) and three (6.31 t ha−1) week submer-
gence periods was signifi cantly better than 
one-week (4.26 t ha−1) submergence period 
but the differences between two and three 
week periods were non-signifi cant. 

Effect of herbicides   The differences in ef-
fective tiller number, LAI, dry matter accu-
mulation, panicle length, grains per pani-
cle and grain yield due to weed control 
treatments were signifi cant during both 
the years of study. On average, application 
of herbicides produced 39% more tillers 
m−2 than unweeded control. The herbicide 
treatments gave signifi cantly higher LAI 
than unweeded control; however, the dif-
ferences for LAI among different herbi-
cides were non-signifi cant. All the herbi-
cide treatments gave signifi cantly higher 
dry matter accumulation by the crop than 
the unweeded control during both the 

Table 1. Effect of submergence and weed control treatments on L. chinensis. 
Treatments Dry matter accumulation 

(t ha−1)
Count at harvest of rice 

(m−2)
2003 2004 2003 2004

Submergence period
One week 0.87 (0.15) 1.66 (2.23) 2.8 (7.3) 6.0 (35.5)
Two week 0.86 (0.14) 0.93 (0.22) 2.6 (6.3) 3.0 (8.5)
Three week 0.86 (0.14) 0.92 (0.21) 2.3 (4.8) 2.7 (6.8)
LSD (P = 0.05) NS 0.10 NS 1.0
Weed control
Butachlor 1.5 kg ha−1 0.71 (0.00) 0.98 (0.32) 1.5 (1.8) 2.8 (7.3)
Pretilachlor 0.75 kg ha−1 0.71 (0.00) 1.01 (0.35) 1.7 (2.4) 2.9 (7.9)
Pyrazosulfuron 0.015 kg ha−1 0.71 (0.00) 1.00 (0.35) 1.3 (1.2) 2.8 (7.3)
Anilofos 0.375 kg ha−1 0.71 (0.00) 1.01 (0.36) 1.6 (2.1) 2.9 (7.9)
Unweeded control 1.46 (1.64) 1.84 (2.90) 6.6 (43.1) 8.0 (63.5)
LSD (P = 0.05) 0.04 0.11 0.6 1.0
The fi gures in parentheses are original values.

Table 2. Effect of different treatments on growth, yield attributes and grain yield of transplanted rice.
Treatments No. of tillers 

(m−2)
Leaf Area Index 

(LAI) 
at 65 DAT

Dry matter 
accumulation at 
harvest (t ha−1)

Panicle length 
(cm)

No. of grains 
per panicle

Grain yield 
(t ha−1)

2003 2004 2003 2004 2003 2004 2003 2004 2003 2004 2003 2004
Submergence period
One week 325 265 4.34 4.18 14.27 12.13 22.8 22.0 145 127 6.30 4.26
Two week 331 330 4.35 5.21 14.33 14.13 22.9 23.5 147 149 6.42 6.25
Three week 331 334 4.41 5.38 14.71 14.15 22.7 23.5 149 151 6.47 6.31
LSD (P = 0.05) NS 22 NS 0.34 NS 1.36 NS 1.1 NS 13 NS 0.87
Weed control
Butachlor 1.5 kg ha−1 346 331 4.51 5.08 14.93 15.32 23.2 23.4 154 147 6.89 6.23
Pretilachlor 0.75 kg ha−1 340 334 4.49 5.24 14.75 14.77 22.9 23.3 148 147 6.61 6.19
Pyrazosulfuron 0.015 kg ha−1 344 335 4.59 5.20 15.00 14.22 23.0 23.3 152 148 6.77 6.30
Anilofos 0.375 kg ha−1 344 332 4.61 5.08 14.95 14.22 23.0 23.3 153 148 6.65 6.24
Unweeded control 270 218 3.64 4.00 12.55 8.81 21.9 21.8 127 121 5.07 3.08
LSD (P = 0.05) 30 31 0.57 0.51 1.47 2.28 0.9 1.2 14 11 0.75 0.43
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years of study. The herbicide treatments 
among themselves were statistically on 
par in respect of dry matter accumulation 
by the crop. Averaged over the two years, 
the herbicide treatments produced 38.3% 
higher dry matter than unweeded control. 
All the herbicide treatments, though sta-
tistically on par with each other, produced 
signifi cantly longer panicles than the un-
weeded control during both the years of 
study. 

Herbicide treatments resulted in sig-
nifi cantly more grains per panicle than 
the unweeded control but the differences 
among the herbicide treatments were non-
signifi cant. Averaged over the two years, 
herbicide application produced 21% more 
grains per panicle than unweeded control. 
The highest grain yield was produced by 
application of butachlor (6.56 t ha−1) fol-
lowed by pyrazosulfuron (6.54 t ha−1), 
anilofos (6.45 t ha−1) and pretilachlor (6.4 
t ha−1). On average, herbicide application 
resulted in 59.1% increase in grain yield 
over the unweeded control although there 
were no signifi cant differences between 
the herbicide treatments. 

Discussion
The effect of different submergence peri-
ods viz one, two and three weeks on L. 
chinensis and crop was signifi cant only 
during the second year of experimenta-
tion. During the fi rst year, rainfall (Figure 
1) in July, the period of submergence treat-
ments, nullifi ed the treatment effects as 
the one and two week submergence could 
not be maintained and the submergence 
continued in these treatments along with 
three week submergence treatment. 

Effect on L. chinensis   Two and three 
week submergence signifi cantly reduced 
the population number and dry matter ac-
cumulation by L. chinensis. Benvenuti et al. 
(2004) advised paddy management with 
6 cm fl ooding to control L. chinensis. Pool-
kumlung et al. (2001) reported complete 
kill of L. chinensis plants regardless of their 
leaf stages at fl ooding, when plants were 
completely submerged. 

The dry matter accumulation by L. 
chinensis decreased with increase in the 
duration of submergence. Standing water, 
into which rice is transplanted, suppress-
es weed growth because of the reduction 
in weed germination and establishment 
(Tuong et al. 2004). Subbulakshmi and 
Pandian (2002) reported lower weed dry 
matter production under continuous sub-
mergence than under irrigation given the 
4 day on, 3 days off cycle. Chaubey et al. 
(1998) also reported less dry matter ac-
cumulation by weeds in transplanted rice 
with submergence.

All the herbicides gave a signifi cant re-
duction in the population and dry matter 
accumulation by the weed as compared to 
unweeded control during both the years. 

Similar results were reported by Rekha et 
al. (2002) who observed lower weed den-
sity and weed dry weight with application 
of butachlor and pyrazosulfuron. Singh et 
al. (2002) observed less dry matter accu-
mulation by weeds including L. panicea in 
transplanted rice with application of pyra-
zosulfuron, butachlor, pretilachlor and 
anilofos than the unweeded control. 

The different weed control treatments 
had non signifi cant differences under one 
week submergence period while herbicide 
application, irrespective of the treatments, 
was signifi cantly better than the unweeded 
control under two and three week submer-
gence periods. Benvenuti et al. (2004) and 
Reddy and Reddy (1999) also observed re-
duced weed density and dry matter accu-
mulation by the weeds with submergence 
in transplanted rice. 

Effect on crop   The production of signifi -
cantly more effective tillers m−2, LAI, dry 
matter, panicle length, grains per panicle 
and grain yield under two and three week 
submergence periods than one-week sub-
mergence might be due to reduced compe-
tition for resources with the crop compared 
with the severe weed infestation under one 
week submergence period. Chaubey et al. 
(1998) reported more panicles m−2 under 
continuous submergence than under satu-
rated conditions. Subbulakshmi and Pan-
dian (2002) also observed maximum LAI 

of transplanted rice with continuous sub-
mergence. Chaubey et al. (1998) observed 
non-signifi cant differences due to submer-
gence in respect of rice panicle length.

The higher number of grains per pani-
cle under two and three week submer-
gence agree with the results of Chaubey 
et al. (1998) who observed more grains per 
panicle with submergence as compared to 
cyclic submergence and saturation. The 
lower weed density and dry matter pro-
duction under two and three-week sub-
mergence resulted in reduced crop weed 
competition and provided conducive 
environmental conditions for the crop. 
Reddy and Reddy (1999) also reported 
significantly higher grain yields with 
shallow and deep submergence compared 
with phasic submergence. Sandhu et al. 
(1992) and Chaubey et al. (1998) reported 
increased grain yields of transplanted rice 
with longer submergence periods. 

The herbicides were able to provide a 
nearly weed-free environment resulting in 
an increase in yield attributing characters 
and grain yield. Rekha et al. (2002) and 
Chaubey et al. (1998) also obtained higher 
number of grains per panicle with applica-
tion of herbicides than unweeded control. 
The better yield performance of herbicide 
treatments might be the result of complete 
kill of L. chinensis in transplanted rice and 
no dry matter accumulation by the weed 
as evident from the data on intensity and 

Table 3. Interaction between submergence periods and weed control 
treatments for dry matter accumulation (t ha−1) by L. chinensis during 2004.

Weed control treatments Submergence periods
Herbicide Rate (kg ha−1) 1 week 2 week 3 week
Butachlor 1.5 1.52 0.71 0.71
Pretilachlor 0.75 1.60 0.71 0.71
Pyrazosulfuron 0.015 1.59 0.71 0.71
Anilofos 0.375 1.61 0.71 0.71
Unweeded control 1.96 1.81 1.77
LSD (P = 0.05) 0.66

Figure 1. Rainfall (RF) and evapotranspiration (ET) during July 2003 and 
2004.
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dry matter accumulation by L. chinensis. 
Higher grain yield could be attributed 
to the production of more tillers, longer 
panicles and more number of grains per 
panicle. Rekha et al. (2002), Chaubey et al. 
(1998) and Reddy and Reddy (1999) also 
reported similar results in respect of yield 
attributing characters and grain yield of 
transplanted rice. 

The above studies indicated that L. 
chinensis could easily be controlled in 
transplanted rice by using any one of the 
herbicides evaluated here provided the 
water remains standing in the fi eld for at 
least two weeks after transplanting the 
crop. There remains a need to identify a 
new herbicides which could be effective 
against this weed without fi eld submer-
gence with water.
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