
 

 

 

INTRODUCTION 

 

Ischaemum rugosum is a problematic weed in many crops 

including rice (Holm et al., 1977; Itoh, 1991). It can cause 

around 50-60% yield losses in direct-seeded rice (DSR) as it 

favors shallow flooding conditions (Jabran and Chauhan, 

2015; Jabran et al., 2012a,b). Morphologically, it is an erect 

or ascending annual or perennial type of plant which can grow 

up to 150 cm tall. This weed can be established through seeds 

or rooted culms, and seedlings emerge even when buried at a 

10-cm depth because of their long coleoptile length (Holm et 

al., 1977). Ischaemum rugosum has a high level of seed 

dormancy which delays its seed germination after shedding, 

enabling it to escape from herbicides. It matures at the same 

time as do the rice plants, thereby contaminating the rice seeds 

around harvest period (Marenco and Santos, 1999).  

Factors such as farm labor shortage, scarcity of irrigation 

water, and the adverse effects of conventional puddled 

flooded rice have pushed many rice growing countries in Asia 

to shift from transplanted to DSR production system 

(Mahajan and Chauhan, 2013a; Ahmed and Chauhan, 2014; 

Jabran et al., 2015). Direct-seeded rice goes by many forms - 

wet seeding, dry seeding, and water seeding. Among these, 

dry seeding is gaining more popularity in Asia because it 

saves water and is conducive to mechanization (Awan et al., 

2015a). In addition, alternate wetting and drying events occur 

in the whole life cycle of the crop in DSR systems, which 

triggers weed emergence and growth (Singh et al., 2006). In 

DSR, rice and weeds emerge simultaneously. Many previous 

studies reported that weeds are major constraints to the 

success of DSR and herbicides are considered the best weed 

management tool (Mahajan and Chauhan, 2013b; Awan et al., 

2015a; Chauhan et al., 2015). It has also been reported that if 

weeds are managed properly, the yield obtained from DSR 

could be similar to the yield obtained from transplanted rice 

(Singh et al., 2005; Chauhan et al., 2015).  

Several previous studies reported that the best weed control 

option in DSR systems is the application of a pre-emergence 

(PRE) herbicide followed by (fb) a post-emergence (POST) 

herbicide, mixture of POST fb one hand weeding (Mahajan 
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Ischaemum rugosum Salisb. commonly known as ribbed murainagrass is a problematic herbicide-resistant weed in direct-

seeded rice systems. To evaluate the competitive ability of rice cultivars against I. rugosum, a study was established with two 

rice cultivars (Mestiso 21, a hybrid and IR 64, an inbred). These cultivars were sown at density of 4 plants per pot with four 

different densities of I. rugosum (0, 2, 4, and 8 plants pot-1). Across weed density levels, IR 64 had 14% lower while Mestiso 

21 had 20% higher plant height than I. rugosum. In competition with eight I. rugosum plants per pot, Mestiso 21 had 17% 

higher plant height (85 cm) than of IR 64 (73 cm). Without competition, IR 64 had higher tiller number, leaf number, leaf area, 

and root biomass than Mestiso 21 while in competition with eight weed plants per pot, Mestiso 21 had higher leaf biomass 

(29%), stem biomass (13%), specific stem length (38%), panicle biomass (29%), florets number (41%), and florets biomass 

(36%) than IR 64. In comparison with control (no weed competition), weed densities of 2, 4, and 8 plants pot-1 reduced the 

total rice biomasses and grain yields by 32, 42, and 50%; and 26, 46, and 56% for IR 64 and by 23, 37, and 45%; and 20, 28, 

and 42% for Mestiso 21, respectively. The Mestiso 21 reduced the I. rugosum plant height, number of tillers, leaf biomass, 

inflorescence biomass, root biomass, and total aboveground biomass by 16.3, 0.3, 22.1, 31.3, 21.8, and 22.7%, respectively, 

compared with IR 64. The results of this study suggest that the hybrid rice Mestiso 21 has a better competitive ability to 

suppress I. rugosum than IR 64 therefore can be used in an integrated weed management of problematic weeds in direct-seeded 

rice systems. 
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and Timsina, 2011; Chauhan and Opena, 2012) or sequential 

application of a PRE fb two POST herbicides (Rahman et al., 

2012; Anwar et al., 2013). Weed control in DSR, therefore, 

warrants the intensive use of herbicides (Mahajan and 

Timsina, 2011).  

In some countries, intensive herbicide use has resulted in the 

evolution of the weeds’ resistance to some herbicides. 

Although herbicides are considered the most effective and 

reliable tool for weed control in DSR, the excessive use of 

herbicides can cause environmental contamination and can 

lead to the evolution of herbicide-resistant weeds (Buhler et 

al., 2002; Heap, 2015). Many weed species including I. 

rugosum have already evolved herbicide resistance due to its 

continuous use (Valverde, 2007). This makes it difficult to 

control I. rugosum in DSR systems and needs an integrated 

approach. 

Effective weed management in DSR involves the integration 

of many practices such as altering plant geometry, the use of 

high seeding rates, the use of narrow row spacing, and the use 

of weed-competitive cultivars which could reduce farmers’ 

reliance on intensive applications of herbicides (Zhao et al., 

2006a; Chauhan and Opena, 2013; Ahmed et al., 2014; Awan 

et al., 2014a). In addition, herbicide performance can be 

improved with the use of cultivars that have superior 

competitiveness as reported by many previous studies 

(Lemerle et al., 1996; Gibson and Fischer, 2004). A 

competitive cultivar might help in curtailing the dose of 

herbicides in DSR by suppressing weed emergence and 

growth, resulting in reduced yield losses (Gibson et al., 2003; 

Mahajan et al., 2014).  

Weed-competitive cultivars have the ability to maintain high 

yields despite weed competition and weed-suppressive 

cultivars have the ability to reduce weed growth through 

competition (Jannink et al., 2000). It has been observed that 

rice cultivars that compete well against weeds are often 

thought to be tall and have early vigor, droopy leaves, high 

specific leaf area, and high specific stem length (Garrity et al., 

1992; Ni et al., 2000; Zhao et al., 2006b). Similarly, hybrid 

rice may potentially have this competitiveness due to its 

improved vigor (Zhao et al., 2006b).  

After the green revolution, high-yielding semi-dwarf type rice 

cultivars have gained popularity among farmers in Asian 

countries and have been grown in large scales. The cultivar 

IR 64 is a semi-dwarf type derived from extensive 

intercrossing of improved lines of IR 8 and released by the 

International Rice Research Institute (IRRI) (Narciso and 

Hossain, 2002). It is a popular cultivar which is widely grown 

in irrigated and rainfed areas of many Asian countries because 

of its good yield potential, satisfactory grain type, and 

resistance to several biotic stresses (Khush, 1995). Because of 

its wide adaptability and semi-dwarf habit, IR 64 has been 

used as a parent for a range of cultivars in the tropics (Khush, 

1995). In Asian countries, transplanted systems are still the 

dominant rice cultivation method and farmers mostly grow 

high-yielding semi-dwarf types of rice cultivars. Previous 

studies reported that rice performed well in transplanted 

conditions. Some other studies found that rice did not perform 

well in DSR conditions due to high weed pressure in DSR 

(Zhao et al., 2006a; Mahajan et al., 2014). Hybrids showed 

better performance than inbreds in DSR systems due to their 

high competitiveness (Chauhan et al., 2011; Mahajan et al., 

2014).  

We hypothesized that the weed-competitive ability of Mestiso 

21 is better than that of IR 64 which will be helpful in 

suppressing problematic weeds of rice like I. rugosum. To test 

this hypothesis a study was conducted to determine the 

competitive ability of an inbred (IR 64) and a hybrid (Mestiso 

21) rice cultivars against varying I. rugosum plant densities, 

based on growth parameters of weed and rice, and yield-

contributing characteristics and grain yield of rice.  

 

MATERIALS AND METHODS 

 

Time and place of study: The study was conducted at the 

laboratory and screen house (a large framed chamber covered 

with 2-mm steel mesh having environmental conditions 

similar to the field) facilities of the International Rice 

Research Institute (IRRI), Los Banos, Laguna, Philippines 

from November 2012 to June 2013. 

Collection of seeds and germination test: Mature seeds of I. 

rugosum were collected from the IRRI rice fields. Immature 

and contaminant seeds were removed from the seed lot. To 

prevent bacterial and fungal contamination, the I. rugosum 

seeds were soaked in 5.25% sodium hypochlorite for 5 

minutes and rinsed with running tap water for 3-5 min before 

the germination test. 

Pot preparation, sowing, experimental design and 

management: Experiment was conducted for two rice 

cultivars (hybrid Mestiso 21 and inbred IR 64) with four I. 

rugosum density levels (0, 2, 4, and 8 plants pot-1). The 

experiment was conducted by growing I. rugosum at four 

density levels (0, 2, 4, and 8 plants pot-1) with four rice plants 

in 25 cm diameter and 25 cm height plastic pots filled with 

sterilized soil collected from IRRI rice fields. The soil used in 

the experiments had a pH of 6.7, organic carbon of 2.5%, and 

sand, silt, and clay contents of 26, 48, and 26%, respectively. 

Phosphorus and potassium were hand-incorporated before 

sowing at the rate of 40 kg ha-1 each. Nitrogen at 150 kg ha-1 

was applied in three splits: at 14 DAS (30%), at 35 DAS 

(30%), and at 55 DAS (panicle initiation) (40%). These 

application rates correspond to what is commonly followed 

by farmers in DSR systems in the Philippines. Both weed and 

rice seeds were sown in the pots at an 8 cm x 8 cm square 

dimension. Two to three seeds of each species were placed at 

the allocated place in the pots, covered with a thin layer of soil 

and subsequently thinned to the desirable density after 3 days 

of emergence. To avoid water stress, the pots were irrigated 

daily with a hose fitted with a sprinkler nozzle. The 
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experiment was repeated in two independent trials, with the 

second trial started one month after the start of the first trial. 

Pots were arranged in a completely randomized design with 

four replications. The pots were placed at a spacing of 50 cm 

from one another.  

Observation: Both crop and weed data were recorded at 30, 

55, 80, and 110 DAS. Plant height was measured from the 

surface of the soil to the tip of the longest leaf, and the 

numbers of leaves and tillers per plant were counted while the 

plants were still intact in the pots. Plants were cut at the soil 

surface, and then removed and separated into leaves, stems 

and inflorescences. The leaf area was measured by using a 

leaf area meter (model #LI-3100, LICOR). The remaining 

roots were removed from the pots with the soil still intact and 

gently washed to remove soil particles while leaving the roots 

intact. The rice and weed roots were separated. At final 

harvest (110 DAS), rice florets were counted and grain yield 

was estimated at the14% moisture content. The plant and 

weed components were placed in separate paper bags and 

oven dried at 70°C for constant biomass determination. 

Specific stem length (SSL) was calculated by dividing the 

stem length by the stem biomass. 

Statistical analyses: The analysis of variance (ANOVA) was 

performed for all weed- and crop-related parameters using the 

statistical software CropStat 7.2 (IRRI, Philippines). A 

combined analysis of data indicated no significant 

interactions between treatments and experimental trials; 

therefore, the data were pooled over the two trials for further 

analysis. After ANOVA, the means were separated using least 

significant difference (LSD) at the 5% level of significance. 

Regression analyses were done using SigmaPlot 11.0 (Systat 

Software, Inc., Point Richmond, CA). Parameter estimates for 

each model were compared using their standard errors. Plant 

height, leaf biomass, and total biomass were analyzed using a 

three-parameter sigmoid model: 

y= a/ {1 + exp [-(x - d50) / b]} 

where y is the estimated plant height (cm), leaf biomass (g 

pot-1), or total biomass (g pot-1) at time x (DAS); a is the 

maximum of the parameter; d50 is the time to reach 50% of 

the final plant height, leaf biomass, or total biomass per plant; 

and b is the slope. 

A polynomial quadratic model was fitted to tiller number, leaf 

number, leaf area, stem biomass, and root biomass: 

y= a + bx + cx2 

Where y is the estimated tillers (number m-2), leaves (number 

pot-1), leaf area (cm2 pot-1), stem biomass (g pot-1), and root 

biomass (g pot-1) at time x (DAS), a is the intercept, and b and 

c describe the slope of the regression curve. 

A two-parameter exponential decay curve was fitted to 

specific stem length (SSL): 

y=a.e-bx 

where y represents the SSL; x is the time; a is the maximum 

of the parameter; and b is the slope. R2 values were used to 

determine the fitness of the selected model.  

RESULTS 

 

Plant height: The plant height of both rice cultivars was 

affected by I. rugosum interference (Fig. 1), and Mestiso 21 

was taller than IR 64. When rice cultivars were grown alone 

(without weed competition), Mestiso 21 reached a maximum 

height of 103 cm and IR 64 reached 82 cm at 110 DAS. At 30 

DAS, the plant height of IR 64 and I. rugosum across its 

planting densities was similar but the weed became taller than 

the rice after 30 DAS. In contrast, Mestiso 21 was always 

taller than I. rugosum. The rice and weed plant height 

decreased as the density of I. rugosum increased from 2 to 8 

plants pot-1, Height of I. rugosum was higher (88 cm) when 

grown with the rice cultivar IR 64 than in Mestiso 21 (73 cm) 

at maturity, showing that Mestiso 21 reduced the weed height 

by 16.3% more than IR 64 (Fig. 1). 

 

 
Figure 1. Plant height of the rice cultivars IR 64 (a) and 

Mestiso 21 (b) and of the weed Ischaemum 

rugosum (c and d) when grown alone and in 

competition with different interference levels of 

I. rugosum (0, 2, 4, and 8 plants pot-1). 4R, 

density of rice plant pot-1; 2W, 4W, and 8W, 

densities of I. rugosum plant pot-1. The lines 

represent a three-parameter sigmoid model (y= 

a/ [1 + e -(X - d50) / b]) fitted to the data. Vertical bars 

indicate standard error of means. 

 

Tiller density: Tiller densities were significantly influenced 

by the interference of I. rugosum (Fig. 2). As the density of 

weed increased, rice tillers decreased but the tiller number of 

the weed increased. Out of the cultivars, IR 64 produced more 

tillers than Mestiso 21. At 30 DAS, IR 64 grown alone 

produced 21 tillers per pot while Mestiso 21 produced only 

15 tillers per pot. Ischaemum rugosum density of 2, 4, and 8 
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plants per pot reduced tiller numbers by 26, 35, and 38% for 

IR 64 and by 22, 31, and 35 % for Mestiso 21 at 110 DAS. 

 

 
Figure 2. Tiller (number pot-1) of the rice cultivars IR 64 

(a) and Mestiso 21 (b) and of the weed 

Ischaemum rugosum (c and d) when grown alone 

and in competition with different interference 

levels of I. rugosum (0, 2, 4, and 8 plants pot-1). 

4R, density of rice plant pot-1; 2W, 4W, and 8W, 

densities of I. rugosum plant pot-1. The lines 

represent polynomial quadratic models [(y= a + 

bx + cx2)] fitted to the data. Vertical bars indicate 

standard error of means. 

 

Leaf number, biomass, and area: The leaf number of rice 

plants decreased with the increase in I. rugosum density 

(Fig. 3). IR 64 produced more leaves than Mestiso 21. IR 64 

grown alone produced the maximum leaf number of 133 per 

pot at last harvest while in competition with I. rugosum at 

densities of 2, 4, and 8 plants pot-1 resulted in 5, 26, and 35% 

less leaves, respectively, compared with rice grown without 

competition. Similarly, Mestiso 21 produced the maximum 

leaf number of 102 per pot at last harvest when grown alone 

while in competition with 2, 4, and 8 I. rugosum plants 

resulted in leaf number reduction by 13, 42, and 46%, 

respectively. The leaf number of I. rugosum was always 

higher at the highest density of 8 plants pot-1. In competition 

with Mestiso 21 rice cultivar, the leaf number of I. rugosum 

remained lower than in competition with rice cultivar IR 64. 

Similar to the results for leaf number, leaf area and leaf 

biomass data also followed the same trend. Compared with IR 

64 when was grown alone, competition with I. rugosum 

reduced leaf area at final harvest by 26, 38, and 46% at 

densities of 2, 4, and 8 plants (Fig. 4).  
 

 
Figure 3. Leaf (number pot-1) production of the rice 

cultivars IR 64 (a) and Mestiso 21 (b) and of the 
weed Ischaemum rugosum (c and d) when grown 
alone and in competition with different 
interference levels of I. rugosum (0, 2, 4, and 8 
plants pot-1). 4R, density of rice plant pot-1; 2W, 
4W, and 8W, densities of I. rugosum plant pot-1. 
The lines represent polynomial quadratic 
models [(y= a + bx + cx2)] fitted to the data. 
Vertical bars indicate standard error of means. 

 

 
Figure 4. Leaf area (cm2 pot-1) of the rice cultivars IR 64 

(a) and Mestiso 21 (b) and of the weed 
Ischaemum rugosum (c and d) when grown alone 
and in competition with different interference 
levels of I. rugosum (0, 2, 4, and 8 plants pot-1). 
4R, density of rice plant pot-1; 2W, 4W, and 8W, 
densities of I. rugosum plant pot-1. The lines 
represent polynomial quadratic models [(y= a + 
bx + cx2)] fitted to the data. Vertical bars indicate 
standard error of means. 
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For Mestiso 21, these values were 24, 47, and 47%. The leaf 

area of I. rugosum increased as its planting density increased. 

Between the two cultivars, IR 64 had higher leaf area than 

Mestiso 21 when they were grown alone. I. rugosum 

interference with the rice plants reduced IR 64 leaf biomass 

by 29, 32, and 46% and Mestiso 21 biomass by 16, 24, and 

27% at final harvest at I. rugosum densities of 2, 4, and 8 

plants, respectively, compared with no weed competition 

(Fig. 5). Across all I. rugosum plant densities (2, 4, and 8 

plants pot-1) at maturity, leaf biomass per plant of I. rugosum 

was higher (1.17 g) when grown with IR 64 than with Mestiso 

21 (0.91 g) at maturity. Mestiso 21 reduced the leaf biomass 

per plant of I. rugosum by 22.1% more than IR 64. 

 

 
Figure 5. Leaf biomass (g pot-1) of the rice cultivars IR 64 

(a) and Mestiso 21 (b) and of the weed 

Ischaemum rugosum (c and d) when grown alone 

and in competition with different interference 

levels of I. rugosum (0, 2, 4, and 8 plants pot-1). 

4R, density of rice plant pot-1; 2W, 4W, and 8W, 

densities of I. rugosum plant pot-1. The lines 

represent a three-parameter sigmoid model (y= 

a/ [1 + e -(X - d50) / b]) fitted to the data. Vertical bars 

indicate standard error of means.  

 

Stem biomass: Mestiso 21 always had a higher stem biomass 

than IR 64 (Fig. 6). At 110 DAS, rice grown alone had 

significantly higher stem biomass than that grown with I. 

rugosum. At maturity (110 DAS), I. rugosum competition 

reduced rice stem biomass by 29, 35, and 57% for IR 64 and 

by 10, 37, and 41% for Mestiso 21 at densities of 2, 4, and 8 

weed plants pot-1, respectively, compared with no weed 

competition. Also, across these three densities, the stem 

biomass per plant of I. rugosum was higher (3.9 g) in IR 64 

than in Mestiso 21 (3.0 g), with Mestiso 21 reducing the stem 

biomass of I. rugosum by 21.2% more than IR 64 (Fig. 6). 

 

 
Figure 6. Stem biomass (g pot-1) of the rice cultivars IR 64 

(a) and Mestiso 21 (b) and of the weed 

Ischaemum rugosum (c and d) when grown alone 

and in competition with different interference 

levels of I. rugosum (0, 2, 4, and 8 plants pot-1). 

4R, density of rice plant pot-1; 2W, 4W, and 8W, 

densities of I. rugosum plant pot-1. The lines 

represent polynomial quadratic models [(y= a + 

bx + cx2)] fitted to the data. Vertical bars indicate 

standard error of means. 

 

Root biomass: Between the two rice cultivars, IR 64 had 

greater root biomass than Mestiso 21. However, the 

interferenceof I. rugosum significantly reduced the root 

biomass of both cultivars except at 35 DAS. At final harvest 

(110 DAS), the root biomass of rice decreased by 16, 31, and 

42% for IR 64 and by 20, 26, and 30% for Mestiso 21 when 

they competed with 2, 4, and 8 I. rugosum plants pot-1, 

respectively (Fig. 7).  Root biomass of I. rugosum also 

influenced by the cultivar and density. Irrespective of the 

weed densities, the root biomass of I. rugosum was higher 

when grown in competition with IR 64 than with Mestiso 21. 

Similar to stem biomass at maturity, the root biomass per 

plant of I. rugosum was higher (0.68 g) in IR 64 than in 

Mestiso 21 (0.53 g) across all I. rugosum plant populations. 

Mestiso 21 reduced root biomass per plant of I. rugosum by 

21.8% compared to IR 64 (Fig. 7). 

Total biomass: The total biomass of both rice and weed plants 

was influenced by the planting densities of I. rugosum 

(Fig. 8).  
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Figure 7. Root biomass (g pot-1) of the rice cultivars IR 64 

(a) and Mestiso 21 (b) and of the weed 
Ischaemum rugosum (c and d) when grown alone 
and in competition with different interference 
levels of I. rugosum (0, 2, 4, and 8 plants pot-1). 
4R, density of rice plant pot-1; 2W, 4W, and 8W, 
densities of I. rugosum plant pot-1. The lines 
represent polynomial quadratic models [(y= a + 
bx + cx2)] fitted to the data. Vertical bars indicate 
standard error of means. 

 

 
Figure 8. Total biomass (g pot-1) of the rice cultivars IR 64 

(a) and Mestiso 21 (b) and of the weed 
Ischaemum rugosum (c and d) when grown alone 
and in competition with different interference 
levels of I. rugosum (0, 2, 4, and 8 plants pot-1). 
4R, density of rice plant pot-1; 2W, 4W, and 8W, 
densities of I. rugosum plant pot-1. The lines 
represent a three-parameter sigmoid model (y= 
a/ [1 + e -(X - d50) / b]) fitted to the data. Vertical bars 
indicate standard error of means. 

Mestiso 21 produced higher biomass than IR 64. At final 

harvest, for example, Mestiso 21 grown alone produced a total 

biomass of 65 g pot-1 whereas IR 64 produced only 57 g pot-1. 

Competition with I. rugosum at densities of 2, 4, and 8 plants 

pot-1 reduced total biomass by 32, 38, and 49% for IR 64 and 

by 25, 42, and 47% for Mestiso 21, respectively. At maturity 

(110 DAS) and across the three I. rugosum planting densities 

(2, 4, and 8 plants pot-1), the total aboveground biomass of I. 

rugosum was higher (6.0 g) when grown in IR 64 than in 

Mestiso 21 (4.6 g). Mestiso 21 reduced the total biomass per 

plant of I. rugosum by 22.7% more relative to IR 64 (Fig. 8). 

Specific stem length: The specific stem length (SSL) of both 

rice cultivars increased as the plant population of I. rugosum 

increased (Fig. 9). The SSLs of IR 64 were 75.7, 83.6, and 

91.4 at the weed densities of 2, 4, and 8 plants pot-1, 

respectively. The corresponding values for Mestiso 21 were 

112.5, 113.4, and 125.7. Mestiso 21 had 49, 36, 38% higher 

SSL than IR 64 when in competition with 2, 4, and 8 plants of 

I. rugosum pot-1, respectively. I. rugosum had 13-24% lower 

SSL when competing with Mestiso 21 than with IR 64.  

 

 
Figure 9. Specific stem length (cm g-1) of the rice cultivars 

IR 64 (a) and Mestiso 21 (b) and of the weed 

Ischaemum rugosum (c and d) when grown alone 

and in competition with different interference 

levels of I. rugosum (0, 2, 4, and 8 plants pot-1). 

4R, density of rice plant pot-1; 2W, 4W, and 8W, 

densities of I. rugosum plant pot-1. The lines 

represent an exponential model (y=a.e-bx) fitted 

to the data. Vertical bars indicate standard error 

of means. 

 

Inflorescence biomass of I. rugosum: Inflorescence biomass 

per plant of I. rugosum decreased as its population increased 

from 2 to 8 plants pot-1 (Fig. 10c). When I. rugosum was 
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grown with IR 64 at densities of 2, 4, and 8 plants pot-1, 

inflorescence biomass was 2.86, 3.85, and 4.98 g, 

respectively. Lower values for the inflorescence biomass of I. 

rugosum were noted when it was grown with Mestiso 21 with 

2.0, 2.53, and 3.50 g, respectively. Results showed that 

Mestiso 21 has more capacity than IR 64 to reduce the 

inflorescence biomass production of I. rugosum, reducing it 

by 31.3% across all the weed plant populations. 

 

 
Figure 10. Rice florets (number m-2) (a) and grain yield (g 

pot-1) (b) of the rice cultivars IR 64 and Mestiso 

21 and of the weed Ischaemum rugosum (c and 

d) when grown alone and in competition with 

different interference levels of I. rugosum (0, 2, 

4, and 8 plants pot-1). 4R, density of rice plant 

pot-1; 2W, 4W, and 8W, densities of I. rugosum 

plant pot-1. Vertical bars indicate LSD at 5% 

level. 

 

Rice florets number and grain yield: Rice florets were 

significantly influenced by I. rugosum interference, Mestiso 

21 having higher florets number than IR 64 (Fig. 10a). 

Highest florets numbers were recorded in the rice plants 

grown without weed competition. Both rice cultivars grown 

with 2 I. rugosum plants pot-1 had similar florets numbers as 

that of rice grown alone; however, rice grown in competition 

with 4 or more I. rugosum plants pot-1had significantly lower 

florets. Compared with rice grown alone, I. rugosum 

interference reduced rice florets by 14, 40, and 50% in IR 64 

and by 13, 25, and 34% in hybrid Mestiso 21 at densities of 2, 

4, and 8 I. rugosum plants pot-1, respectively. Similarly, grain 

yield was also influenced by I. rugosum interference 

(Fig. 10b). Grain yield of IR 64 was reduced by 23, 46, and 

56% when competing with I. rugosum densities of 2, 4, and 8 

plants pot-1, respectively. The corresponding values for 

Mestiso 21 were 21, 28, and 42%, respectively.  

 

DISCUSSION 

 

The hybrid Mestiso 21 had higher grain yield than IR 64 in 

competition with different I. rugosum densities. In DSR 

systems, rice and weed plants emerge simultaneously and if 

early crop growth is slower than the weed growth, the weeds 

can easily suppress the crops, resulting in reduced crop 

growth. Therefore, higher crop vigor, crop growth rate, tiller 

production, and biomass accumulation at the early crop 

growth stage, coupled with rapid ground cover by crop 

canopy under weedy conditions, will help to improve weed 

suppressive ability as well as crop yield. These traits are 

positively correlated with crop yield under competition and 

negatively with weed biomass (Zhao et al., 2006a). The 

results of the current study depicted that Mestiso 21 had 

higher plant height than IR 64 at the early growth stage (30 

DAS) as well as at final harvest (110 DAS). The attainment 

of higher plant height at earlier growth stages by Mestiso 21 

rice cultivar caused the suppression of I. rugosum weed 

resulting in its lower plant height. In contrast, I. rugosum in 

competition with IR 64 always had higher plant height than 

IR 64. When I. rugosum density increased from 2 to 8 plants 

pot-1, the height of both rice and weed decreased due to intra- 

and inter-plant competition.  

Previous studies reported that Ludwigia hyssopifolia and 

Rottboellia cochinchinensis plants grown alone were always 

taller than those grown with rice interference and that rice 

reduced weed plant height (Chauhan and Johnson, 2010a; 

Awan et al., 2015b). In our study, IR 64 in competition with 

I. rugosum had always lower plant height than the weed. This 

result is supported by the findings of Awan et al. (2014b) in 

which they reported that I. rugosum was taller than the rice 

plants when grown in competition with the rice cultivar 

IR154. These findings suggest that I. rugosum will suppress 

semi-dwarf type rice cultivars in DSR systems. 

Many previous studies suggested that shoot length has a 

positive correlation with the fresh and dry weight of seedlings 

and that the shoot length of the crop plays an important role 

in suppressing weeds (Verma and Singh, 1989; Chauhan and 

Johnson, 2010a). The findings of Chauhan and Johnson 
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(2010b) suggested that shoot competition for light may be the 

primary mechanism determining competitive outcomes 

between DSR and Echinochloa colona (L) Link. 

Rice tiller is one of the most important characters which 

determine the number of panicles per unit area (Zou et al., 

1991). The results revealed that at the early growth stage as 

well as at final harvest, IR 64 produced more tillers than 

Mestiso 21. This is consistent with the findings of Yuan 

(1998) who reported that hybrid varieties have a moderate 

tillering capacity. Excessive tillering at an early stage could 

result in reduced leaf biomass and photosynthesis at a later 

stage, which is eventually becoming one of the major reasons 

for low yields (Song et al., 2009). Another possible reason 

might be that high tillering cultivars produce more tertiary and 

less productive tillers relative to low tillering cultivars (Awan 

et al., 2007). 

Leaf number and leaf area in rice grown alone and with 

various levels of interference of I. rugosum were higher for 

IR 64 than Mestiso 21. Similarly, I. rugosum produced higher 

leaf number and leaf area when in competition with IR 64 than 

with Mestiso 21. Despite its higher leaf production, IR 64 

could not suppress the leaf production of I. rugosum which 

might be due to its lower plant height. 

Although Mestiso 21 produced lower number of leaf and leaf 

area than IR 64, it still decreased and suppressed the leaf 

production of I. rugosum when they were grown together 

which might be caused by Mestiso 21 having higher plant 

height than the weed. This result was more pronounced for 

leaf biomass, with IR 64 having a higher leaf biomass than 

Mestiso 21 when grown without weed competition; however, 

under competition with different levels of I. rugosum 

densities, IR 64 had a lower leaf biomass than Mestiso 21. 

This suggests that leaf biomass of IR 64 was more affected 

(reduced) by I. rugosum competition than with Mestiso 21. 

Having a thick stem is an important characteristic of hybrid 

rice, which acts as a photosynthates storage organ and affects 

yield by accumulating biomass (Katsura et al., 2007). The 

results of the present study show Mestiso 21 had higher stem 

biomass relative to IR 64 both when grown alone and with 

weed interference. On the other hand, IR 64 had slightly 

higher root biomass than Mestiso 21, similar to the root 

biomass of I. rugosum when in competition with both 

cultivars had similar root biomass. This result indicates that 

both cultivars had a similar effect on the root biomass of I. 

rugosum. In this study, although leaf and root biomass of IR 

64 was higher than Mestiso 21, the total plant biomass of 

Mestiso 21 was higher than IR 64 due to the hybrid’s higher 

stem biomass and florets biomass. This shows that Mestiso 21 

had lower root-to-shoot weight ratio than IR 64 when in 

competition with weeds. This plasticity in growth to allocate 

more biomass to shoot than root increases the competitive 

ability of the plant. I. rugosum interference at different levels 

reduced total rice biomass for both cultivars; however, 

reduction was lower for Mestiso 21 than for IR 64. 

Mahajan et al. (2014) reported that the tall and higher dry 

matter of the rice cultivar IET-21214 at its initial stages 

contributed to its greater weed suppression ability compared 

to the cultivar PR-115, which is of semi-dwarf type and had 

lower biomass. A higher SSL and lower root-to-shoot weight 

ratio under crop-weed interference may be a strategy to enable 

plants to compete more effectively for solar radiation under 

competition situations (Chauhan and Johnson, 2010b; Awan 

et al., 2015b). The results of this study show that under 

competitive conditions, both rice cultivars had higher SSL 

than when they are grown alone, with Mestiso 21 having 

higher SSL than IR 64. Owing to this phenotypic plasticity, 

Mestiso 21 was less suppressed by I. rugosum at a double 

planting density. In addition, Mestiso 21 was always taller 

than I. rugosum, putting its leaves on the top of the canopy to 

intercept maximum solar radiation (Awan et al., 2014b). The 

findings of Chauhan and Johnson (2010a) suggested that 

shoot competition for light may be the primary mechanism 

determining competitive outcomes between rice and weeds. 

In this study, the competitive ability of the hybrid cultivar 

Mestiso 21 was higher than IR 64 owing to its higher plant 

height and total plant biomass, higher SSL, higher florets 

number, and higher grain yield under competition with I. 

rugosum. Similar results were reported by previous 

researchers that a weed-competitive cultivar has the ability to 

suppress the growth of the weeds and had higher plant height, 

growth rate, biomass, leaf area index, specific leaf area, SSL, 

canopy ground cover, and early vigor (Lotz et al., 1995; 

Jannink et al., 2000; Ni et al., 2000; Caton et al., 2003; Zhao 

et al., 2006a).  

The survival of a weed species fundamentally depends on the 

production of sufficient numbers of viable seeds. Weeds that 

mature in the field contribute to an increase in the seed bank 

of existent weed populations. If the weed seed production can 

be stopped or reduced by management practices, ultimately it 

will help to reduce the weed seed bank and eventually weed 

infestation. Results of the present study depict that 

inflorescence biomass production by I. rugosum was reduced 

by Mestiso 21 more effectively than IR 64. This means that I. 

rugosum can produce more seeds that will eventually increase 

the soil seed bank when grown with IR 64 relative to Mestiso 

21. 

The present study provides useful information on the biomass 

and reproduction of weeds grown with interference of two 

rice cultivars. The results of the present study support 

previous findings that showed that delay in weed emergence 

relative to crop growth (Gibson et al., 2002; Chauhan and 

Johnson, 2010a) and the use of high seed rate (Chauhan et al., 

2011), narrow row spacing (Chauhan and Johnson, 2011b) 

and weed-competitive rice cultivars should be basic tools in 

devising integrated weed management strategies. 

Nevertheless, in the context of herbicide-resistant weed 

management, the use of weed-competitive cultivars like 

Mestiso 21 can prevent and reduce the production and return 
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of weed seeds to the soil seed bank for its renewal by the 

resistant biotypes, is the key to manage the resistant biotypes. 

The results also suggest that sustainable weed control can be 

obtained by delaying weed emergence relative to the crop 

and/or by making the crop more competitive. Therefore, 

farmers need to grow weed-competitive rice cultivars and 

adopt weed management practices that can suppress and 

inhibit the renewal of the seed bank without sacrificing the 

rice grain yield.  

Management practices such as early flooding after rice seed 

emergence, changing planting date, deep tillage, row spacing, 

planting geometry, planting density, mulching, crop sowing 

through zero tillage, high planting density, nutrient 

management, early canopy closure, and weed-competitive 

cultivars can be utilized to improve crop competitiveness over 

weeds. To reduce reliance on herbicides, the use of weed-

competitive cultivars is a cultural management tool and a 

valuable component of integrated weed management (IWM). 

This is further supported by the results of this study which 

suggest that the use of rice cultivars having high weed-

competitive ability would provide an effective, season-long, 

and sustainable weed control in DSR systems. 

 

Conclusion: The reductions in biomass and grain yield in 

Mestiso 21 were less than in IR 64 at all the levels of I. 

rugosum competition. Mestiso 21 has the potential to suppress 

the height, growth and reproduction of I. rugosum weed at its 

all levels of competition. Owing to its higher SSL, Mestiso 21 

plants were always taller and were not overshadowed by the 

weed plants. This cultivar can decrease the weed biomass 

considerably and make I. rugosum weak and vulnerable to be 

easily controlled later through other weed control measures. 

It also has the potential to reduce the weed’s inflorescence 

biomass production by 30-35% more than IR 64, hence, it can 

help in reducing the size of the weed seed bank. These results 

suggest that weed-competitive cultivars have the potential to 

become part of IWM approaches to suppress the growth of 

weeds and reduce the use of herbicides to control the most 

problematic weeds of rice like I. rugosum. The findings of 

present study would play an important role in combating the 

environmental pollution by reducing the herbicide use for 

weed control in DSR systems. 
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