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ABSTRACT 

Laboratory and field experiments were conducted to study interference and weed 

control in direct-seeded rice. The effect of root, shoot, leaf, seed and whole plant water 

extracts of Trianthema portulacastrum, Dactyloctenium aegyptium and Eleusine indica on 

germination and seedling growth of rice was studied in Petri dish bioassays. The seed 

germination was recorded daily for sixteen days. Rice seeds were also sown in sand culture 

to assess the seedling growth of rice with same water extracts. The maximum reduction in 

rice germination was observed with leaf extract of T. portulacastrum. Significantly lower 

root and shoot length of rice seedlings was observed where rice seeds were treated with water 

extracts of leaf and whole plant of T. portulacastrum. Germination and early growth of rice 

was affected the most by application of leaf extract of T. portulacastrum to rice before 

sowing compared with extracts of other weeds.  

 A laboratory experiment was also conducted to evaluate the allelopathic effects of 

water extracts of sunflower and sorghum alone and in combination on the germination and 

early growth of rice and weeds viz: Trianthema portulacastrum, Dactyloctenium aegyptium 

and Eleusine indica. Sunflower and sorghum water extracts when applied in combination 

caused the maximum inhibitory effects on germination of E. indica and T. portulacastrum 

than when applied separately. Sorghum water extract caused maximum reduction in 

germination percentage of seeds of T. portulacastrum. Whereas, sunflower water extract 

caused maximum inhibitory effects on mean germination time of D. aegyptium seeds. Water 

extracts of sorghum, sunflower when applied alone and in combination increased the root, 

shoot length and the seedling biomass of rice over control. Combined application of sorghum 

and sunflower water extracts resulted in greatest root length reduction in T. portulacastrum. 

It was concluded that the combined application of sorghum and sunflower water extracts is 

overall more inhibitory to the germination of rice, T. portulacastrum, D. aegyptium and E. 

indica than when applied separately. However, the sorghum and sunflower mixture promoted 

the seedling growth of rice.  

 Two field experiments were conducted to determine the most suitable sowing time, 

the critical period of weed-crop competition, and most effective methods of controlling 

weeds in direct-seeded rice. These experiments were laid out in a randomized complete block 
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design with split-plot arrangement repeated three times with a net plot size of 5 m × 2.6 m. In 

first field experiment rice was sown at three different times viz; first and third week of June 

and first week of July. Weeds competed with rice for 15, 30, 45, 60 days after sowing. Weed-

free and weedy check plots were included for comparison. Weed-free treatment had higher 

net benefits and benefit cost ratio (BCR). Weed-crop competition until 15 days after sowing 

produced similar kernel yield to weed-free. Further increase in competition period increased 

weed density and biomass; and caused significant reduction in yield. Thus, weeds should be 

controlled from 15 to 30 DAS.  

 The second field experiment was comprised of the above mentioned sowing times 

and chemical weed control methods namely, pre-emergence application of Penoxsulam @ 15 

g a.i ha-1; post-emergence application of bispyribac-sodium @ 30 g a.i. ha-1 alone and both 

were followed by one manual hoeing; three manual hoeings; extracts of sorghum and 

sunflower @ 15 L ha-1; sorghum mulch @ 6 t ha-1. The weedy check treatment was also 

included in the experiment. Manual hoeing resulted in significantly maximum kernel yield 

among all weed control methods. Manual hoeing treatment also gave better net benefits and 

BCR. Herbicides (Pre and post-emergence) followed by manual hoeing were more effective 

than herbicide alone. Bispyribac-sodium could not control D. aegyptium. Rice sown in the 

first week of June performed best under the agro ecological conditions of Faisalabad. Fine 

rice (Super basmati) should preferably be drill-seeded in first week of June and chemical 

weed control supplemented with manual hoeing for maximum kernel yield with better quality 

and higher net benefits. 

Keywords: Allelopathy, competition period, Dactyloctenium aegyptium, density, dry weight, 

Eleusine indica, germination, hoeing, mulch, Oryza sativa, quality, seedling growth, seeding 

time, Trianthema portulacastrum, weed control, weed and yield.  
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CHAPTER 1 

INTRODUCTION 
 

 Rice is life for more than half of the world population. It is one of the most important 

cereal crops in Pakistan. Farmers will likely have to face limited availability of irrigation 

water in many rice-growing areas therefore, it is predicted that 17 million hectare of irrigated 

rice area in Asia may suffer from ‘‘physical water scarcity’’ and 22 million hectare area may 

have ‘‘economic water scarcity’’ by 2025 (Bouman and Tuong, 2001). Therefore, water 

shortage poses a significant threat to the sustainability of irrigated rice ecosystems as it may 

not be feasible for farmers to flood the fields to control weeds and to ensure good crop 

establishment (Johnson and Mortimer, 2005). Rice can be established in field primarily by 

transplanting nursery or by direct seeding.   

 Farmers are shifting towards direct seeding as it reduces crop establishment cost. 

Direct-seeding can potentially save water through earlier establishment of rice crop and 

facilitates early sowing of wheat (Ladha et al., 2003). Drill-seeding rice at optimum soil 

moisture conditions produed the maximum grain yield and net return. Other advantages of 

direct seeding over transplanting include stable growth, reduced lodging, less drought risks 

and flooding damage. Low herbicide price, availability of early maturing improved rice 

variety and shortage of labor have motivated rice farmers of several Asian countries to shift 

from transplanting to direct seeding (Pane, 2003). Dry-seeding on flat land with subsequent 

saturated soil conditions reduces the amount of water required during land preparation 

thereby reducing the water demand for rice production (Bouman and Tuong, 2001).  

 On the other hand, there are serious problems associated with direct-seeded rice. 

Weed infestation is the most important constraint in achieving high yield of direct-seeded 

rice. Weeds adversely affect yield and quality of harvest and increase production costs, 

resulting in high economic losses (Alam, 1991).  

Sowing of rice at the optimum time is very important for obtaining high yield and 

good quality of kernels (Anonymous, 1992). Delay in seeding increased yield losses of rice 

in competition of rice and red stem (Caton et al., 1999). Plant may exhibit its yield potential 
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only when it is exposed to proper temperature by sowing at the proper time. The decreasing  

grain yield with delayed seeding might be associated with significantly less number of filled 

grains per panicle, lower number of panicles m-2, and low 1000 kernel weight (Mishri and 

Kailash, 2005). Thus, to improve the yield potential of fine rice, optimum sowing time needs 

to be determined. 

Weeds compete with crop plants for moisture, light, essential nutrients and space 

resulting in reduced yield and quality of crops and increased production cost (Samad et al., 

2008). The period during the life cycle of a crop when most of the economic damage by 

weeds takes place is called the critical period of weed-crop competition. Critical period of 

weed-crop competition varies from crop to crop and with different weed species and is 

influenced by time and method of sowing. Rice yields increased with weed-free periods up to 

70 days after emergence (DAE). Weed emergence and growth after this period was 

suppressed by the crop (Fischer et al., 1993). Critical periods for weed control were 

estimated as between 29 and 32 days after sowing (DAS) in wet seeding and up to 83 DAS in 

dry seeding (Johnson et al., 2004). Grain yield loss of 1,090 to 4,880 kg ha-1 was noted when 

weeds interfered with rice from 2 week after sowing to full-season (Zhang et al., 2003). The 

critical weed-crop competition period was 10 to 20 days after emergence (Sharma et al., 

2006). The information is inconsistent, it is, therefore, important to determine the critical 

period of weed-crop competition for direct-seeded rice to plan an effective weed control. 

 Weeds in direct-seeded rice can be controlled by variety of ways depending on the 

socio-economic condition of farmers. Manual method is effective but laborious and time 

consuming. Use of crop residues as mulch may selectively suppress weeds through their 

physical presence on the surface of the soil. Chemical method is fast, easy, effective and an 

economically viable method for controlling different weed species in direct-seeded rice. 

Hand-weeding along with post-emergence herbicides (2, 4-D or propanil) reduced weed dry 

weight and increased rice grain yield (Naklang, 1997). Weed research in dry-seeded systems 

of growing rice has been focused on various aspects of chemical weed control such as 

herbicides efficacy (Rajendran and Kempuchetty, 1998) in relation to the dominant weeds 

and soil conditions at the time of application (Estorninos and Moody, 1988) Thus, past 

research efforts have concentrated on the use of herbicides for controlling weeds, whereas, 
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current focus is mostly on refinement of cultural and biological weed control in an integrated 

way.          

 Biological weed control is generally environmentally safe where allelopathy is one of 

the important ways which can help in controlling weeds in direct-seeded rice. Direct or 

indirect positive or negative effects of one plant on another, through the production of 

chemical compounds that escape into the environment is reffered to as allelopathy (Rice, 

1995). Allelopathy holds great potential for finding alternative strategy for managing weeds. 

Several workers have shown that allelopathy plays a vital role in weed and weed interaction 

(Tajuddin et al., 2002).  Attention has been focused on the study of the allelopathic effects of 

plants and its potential prospects for weed control in crop production (Einhellig, 1995). 

Development of allelopathic rice would be an alternative to chemicals and other 

practices in reducing occurrence of those serious weeds that thrives in direct-seeded rice. 

Recently, allelopathy has gained attention for its potential role in integrated pest management 

and sustainable agricultural production. According to Shaukat & Siddiqui (2001), inhibitory 

compounds present in soil cause marked reduction or stop growth of plant. Growth of 14-day 

old small-seeded weed seedlings was inhibited by post-emergence foliar applications of 

sorgoleone at similar concentrations to that of atrazine (Czarnota et al., 2001).  

Weeds affect the growth of each other or the growth of crop plants through root 

exudates (Alam et al., 1997). Organic compounds released from weed residues into the 

surrounding environment individually or collectively reduce the germination and seedling 

growth of plants (Kim and Shin, 1998). Allelopathic effects of weeds on the germination and 

seedling growth of crops is species-specific (Hamayun et al., 2005; Kim and Shin, 1998). 

The plants having allelopathic properties produce allelochemicals as secondary metabolites 

which have either inhibitory or stimulatory effects on neighboring plants. Moreover, the 

allelopathic effects of various parts of same weed vary for their effects on germination and 

seedling growth of crop plants (Aziz et al., 2008).  

The stimulatory or inhibitory effects of chemical compounds vary based on the plant 

organs in which these are stored and concentration and type of allelochemicals. Some plant 

parts have more inhibitory effects than others (Burhan and Shaukat, 1999; Rehman et al., 



 6 

1992). Weeds can be controlled by a variety of methods: cultural, mechanical, chemical and 

biological. Keeping in view the health of environment, the use of biological or natural 

methods for weed control is strongly advocated. Cheema and Ahmad (1992) reported 

suppressive effects of sorghum on different weed species. Herbicidal potential of allelopathic 

grasses against Parthenium weed evaluated by Anjum et al., 2005 and Javaid et al., 2005 

have also provided very encouraging results. Sunflower is also well known for its 

allelopathic effects (Ashrafi et al. 2008). Several terpenes and phenols have been reported in 

different sunflower cultivars (Spring et al., 1992; Macias et al., 2004). Combined application 

of water extracts of sorghum and sunflower also affects the growth of crops and weeds. 

Weeds present in farm fields should be evaluated for their effects on crop growth, quality and 

yield etc and it should be checked in laboratory conditions for correlating with the results in 

field experiments.  

There is a need to determine the most suitable time of directly sowing rice in the 

region to develop an integrated weed management system before the start of critical period of 

competition in directly sown rice. Studies were conducted to achieve the following 

objectives: 

1) To observe the effects of three weed species on growth and yield of direct-seeded 

rice under field conditions.  

2) To evaluate the allelopathic effects of weeds on germination and seedling growth 

of rice. 

3) To study the effect of sorghum and sunflower water extracts on germination and 

early growth of weeds and rice. 

4) To assess the critical period of weed-crop competition in direct-seeded rice sown at 

different times.  

5) To determine the most suitable time for sowing drill seeded rice. 

6) To determine the most effective methods of weed control in direct-seeded fine rice 

at different times of sowing.  
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CHAPTER 2 

REVIEW OF LITERATURE 
 Weeds present in field crops affect their growth, development, quality and yield 

through competition and allelopathy. Rice, one of the most important cereal crops in the 

world, is also severly infested by weeds. Furthermore, shift from transplanting to direct-

seeded culture demands optimization of cultural practices including minimal weed damage in 

rice. Many studies have been conducted on these lines in the past, some of which are given 

hereunder.  

2.1: Sowing time in direct-seeded rice 

Sowing of crop at a time which results in a greater economic return to the farmer is 

very important because each growth stage of crop require a specific set of environmental 

conditions for their best expressions. Delayed or early sowing will disturb that specification 

paving the way for weeds to suppress the crop plants by covering the field and competing for 

limited resources and decreasing grain yield (Bhurer et al., 1990). Such sowing time which 

makes the crop plants compete with weeds in the field where crop plants can grow and 

establish rapidly is very important in direct-seeded rice. Du and Tuong (2000) concluded that 

late seeding reduced weed infestation. Yield components like tillers number m-2, number of 

filled grains panicle-1 and 1000-grain weight was found in the decreasing trend from the 

seeding of 15th of June onward (Mishri and Kailash, 2005). 

2.2: Weed-crop competition in direct-seeded rice 

Various approaches can be used to control weeds in directly sown rice. Weed 

management options can be planned by determining critical period of weed-crop competition 

in direct-seeded rice. Manual method of weed control is one of the most effective method in 

this regard. This method helps in eliminating weeds from a certain area prior to flowering of 

weeds. Usually two to three hand weedings at early stages of crop growth will avoid most of 

weed-crop competition. Crop biomass is reduced if weed-crop competition is in favor of 

weeds. This argument was strengthened by Begum et al., (2003) who stated that weed 

competition significantly reduced straw biomass in the unweeded control. Mulching also 

helps in controlling weeds besides conserving soil moisture. Spreading of polythene sheets 
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for 32 days in furrow checked the emergence of Trianthema, Cyperus & Dactyloctenium spp. 

under direct-seeded rice (Hooda, 2002). Weeds associated with direct-seeded rice can be 

effectively controlled by the application of wheat residue mulch at 4 t ha–1 (Singh et al., 

2007).  

The critical weed-crop competition period and competitiveness of rice weeds were 

studied by Rashid and Khan (1988). They reported that 3-6 weeks was critical period of 

weed-crop competition for basmati-370. Weeds like Fimbristylis littoralis and E. cruss-galli 

reduced rice yield evenly while rice yield was not significantly reduced by Sagittaria 

guayanesis. According to Saikia and Pathak (1993) manual weed control three times gave 

minimum dry weight of weed (5.91 g m-2) and maximum rice kernel yield (1.97 t ha-1). The 

threshold level of the weed junglerice (E. colona L.) was investigated in direct-seeded upland 

rice by Mishra (2000). He reported that panicle number; plant height and grain yield was 

reduced with increasing density of the weed. The threshold density of junglerice for crop 

sown on 14 July was 262 plants m-2 in first year which was greatly reduced to 37 plants m-2 

in second year for rice sown on 29 June. He also reported that timely sown crop suffers more 

because of competition from junglerice compared with delay in sowing of crop. Singh et al., 

(1991) reported that hand weeding at 15 and 30, 15 and 45 or 30 and 45 days after sowing or 

at 15, 30 or 45 days after sowing resulted in 16.6 to 62.1% reduction in weed density. 

2.2.1: Weed on crop 

Echinochloa species were less competitive in transplanted rice as compared to direct-

seeded rice (Hill et al., 1990). They reported that 25 transplanted plants m-2 were equal to 

300 directly sown rice plants m-2 in terms of yield produced in response to competition with 

Echinochloa spp. Kwon et al., (1991) indicated that interference of red rice densities of 1- 40 

plants m-2 reduced straw dry weight of 2 rice cultivars i.e. Newbonnet and Lemont by 100 

and 130 kg ha-1 per red rice plant, respectively and grain yield from control values of 

approximately 8000 kg ha-1 by 178 and 272 kg ha-1 per red rice plant, respectively. Grain 

yield was reduced because of less panicle number, length and number of grains per panicle. 

Red rice even at lower densities like 2 plants m-2 interfered with rice crop.  
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Number of tillers of rice cultivar MR was significantly reduced by 15 and 25 plants 

m-2 of barnyardgrass at maturity. 18.7% (i.e. 1 t ha-1) reduction in rice yield was noted by 

only 10 barnyardgrass plants m-2, negative relationship between number of panicles m-2 and 

rice yield and between dry weight of panicles m-2 of barnyardgrass was also negatively 

correlated with number of rice panicles m-2 (Azmi and Mashhor, 1990).  

2.3: Weed control methods in direct-seeded rice 

2.3.1: Chemical weed control 

Hare et al., (1989) reported after a series of field trials that pretilachlor gave weed 

control of 76-99% and maximum rice yield (195% of the untreated control of 2.98 t ha-1) was 

obtained by applying pretilachlor at 3.50 g ha-1. Effect of pendimethalin and butachlor 

herbicides at 0.1 – 5 ppm was studied by Bhatia and Sandhu (1989) who showed that 2.5 

ppm of butachlor had little effect on germination and early growth of rice but its higher 

concentrations reduced the germination of weeds. Butachlor at 1.5 kg ha-1 showed least weed 

density when applied after 40 days of sowing while butachlor applied 1 day after sowing 

showed greatest dry matter (3077-3583 kg ha-1 as compared to 196 kg ha-1 untreated control) 

at flowering (Bhargavi and Reddy, 1994). Parkash et al., (1995) reported that butachlor and 

pretilachlor applied as pre emeregence, controlled weeds up to 63.3%. Ramamoorthy and 

Palaniappan (1994) reported that pre-emergence herbicide pendimethalin 1.25 kg ha-1 

showed best weed control and maximum grain yield 4559 kg ha-1 and 3120 kg ha-1 in two 

seasons. 

The importance of chemical weed control is recognized worldwide. Herbicides may 

be applied either as pre or post- emergence. Many pre and post- emergence herbicides have 

been evaluated for weed control in direct-seeded rice. Fentrazamide and a combination of 

fentrazamide and propanil (6.75 + 37.5% WP) were efficient in controlling grasses and 

annual sedges in direct sown rice in south East Asia (Fursch, 1999). Further Yew et al., 

(2001) reported a broad spectrum of action of these herbicides including weed grasses such 

as L.chinensis and E.crus-galli, the sedges C. difformis and F. miliacea and broad-leaved 

weeds Monochoria vaginalis and Ludwigia sp. Weed control programmes should incorporate 

herbicides in mixtures. Combined application of pre-emergence herbicides controlled all the 
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weeds and increased the productivity of rainfed rice (Satyanarayanan et al., 1997). Repeated 

use of the same herbicides, results in herbicide resistance in weeds either slowly or rapidly 

(Fischer et al., 2000; Llewellyn et al., 2002). Efficacy of different herbicides differs in 

various environments (Harker and Blackshaw, 2003). Begum et al., (2003) had observed 

adverse effects of very low doses of Ronstar-25 EC and the higher dose of golteer 5-G on 

plant heights. Even the lowest dose of Ronstar 25-EC reduced plant height similar to the 

control treatment. Selection of herbicide also varies with change in weed flora. Sulfonylurea 

herbicides like pyrazosulfuron, bensulfuron, cinosulfuron and metsulfuron were mostly used 

to control broad-leaved weeds, while chlorimuron was used to control sedges in Malaysia 

(Baki & Azmi 1994; Ho et al., 1995). Nagappa et al., (2002) compared weed control 

methods in direct-seeded rice. They reported that the higher grain yields coupled with lowest 

crop toxicity was recorded with butachlor + safener. Butachlor + safener and anilofos + 

ethoxysulfuron @ (0.312 + 0.012 kg ha-1) recorded the lowest phytotoxicity and resulted in 

grain yields and straw yields (5720 and 6732 kg ha-1 and 5668 and 6544 kg ha-1), 

respectively which were statistically similar to two hand-weedings. 

2.3.2: Integrated weed control 

Manual (hand weeding) and chemical control have certain limitations. Effectiveness 

of manual and chemical weed control can be further enhanced by using them in an integrated 

manner. Hand weeding is laborious and time consuming and in certain situations we cannot 

completely rely on it. Integrating herbicides and hand weeding will greatly reduce the risk of 

weed infestation. Various reviews support the integrated use of manual and chemical weed 

control methods in direct-seeded rice. Tabbal et al. (2000) reported that when weed growth 

was high, yield from treatment where herbicide and hand weeding were combined, was 

significantly higher than sole application of herbicide. Comparative studies of herbicides and 

hand weeding have been conducted in direct-seeded rice. The interaction of pretilachlor 

herbicide with hand weeding 6 WAS gave maximum paddy yield (Hayat, 2004).  

Krishnasamy and Balasubramanian (1997) stated that pre-emergence application of 

thiobencarb either at 6 or 8 days after sowing (DAS) or post-emergence application of 

propanil at 15 DAS, each followed by one hand weeding at 35 DAS or hand weeding twice at 

20 and 35 DAS, produced similar grain yields. They further reported that the cost of weeding 
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was lower when thiobencarb was applied at 6 and 8 DAS with one hand weeding at 35 DAS. 

Ramamoorthy et al., (1998) compared weed-control methods (hand weeding, 1.50 kg 

fluchloralin ha-1 pre-em. + hand weeding, 1.25 kg pendimethalin pre-em. + hand weeding or 

1.0 kg thiobencarb pre-em. + hand weeding), highest yield and highest net return with a high 

benefit cost ratio of 2.94 was recorded with pendimethalin + hand weeding. Further 

comparative studies for weed control methods were carried out by Kathiresan and 

Manoharan, (2002) and they concluded that among the weed-control methods, application of 

pre-emergence oxyflourfen + HW gave the maximum kernel yield, followed by 

pendimethalin + HW. Mazid et al., (2003) compared hand weeding and pre-emergence 

herbicides and concluded that pre-emergence application of oxadiazon controlled most of the 

weeds but one manual hoeing was needed for reducing yield loss from competition by 

Paspalum distichum, Cyperus iria and Alternanthera sessilis. 

Different weed control treatments (pendimethalin, butachlor and hand weeding twice) 

effectively reduced the density and dry weight of weeds after 30 days of sowing from 2.87 

m-2 (control) and 4428 kg ha-1, respectively to 1.78-2.69 and 127-3490 kg ha-1, respectively. 

Minimum dry weight of weeds (<100 kg) was found when manual weeding was applied with 

any concentration of pendimethalin (Barman and Mehta, 1989). Pre-emergence application 

of pendimethalin with one/three hand weedings gave higher rice yield (Elliot and Moody, 

1991). In another field experiment Bhagat et al., (1991) reported that hand weeding (15, 30 

and 45 days after seedling emergence) showed highest kernel yield of 4.14 t ha-1 followed by 

4.04 t ha-1 with pendimethalin + one hand weeding. Field trials were conducted by Sreedevi 

and Thomas (1993) to check the efficacy of butachlor 1.5 kg ha-1, 8 days after sowing, 

anilfos 0.3-0.6 kg ha-1 and hand weeding. They reported that hand weeding resulted in 

minimum weed density of 3 plants m-2 compared to 16 plants m-2 and highest rice grain yield 

3048 kg ha-1 compared to 1440 kg ha-1 in unweeded control.  

Mahalle et al., (1993) compared three methods of weed control (two hand weedings 

after 15 and 30 days of sowing, butachlor at 1.5 kg ha-1 and anilfos 0.5 kg ha-1) and stated 

that hand weeding gave highest grain yield (2619 kg ha-1) and lowest weed dry weight (837 

kg ha-1). Efficacy of pre-emergence herbicides 0.5, 0.75 and 1.0 kg ha-1 pretilachlor, 1.5, 1.75 

and 2.0 kg pendimethalin, hand weeding three times and a weedy check (control) were 
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checked by Janardhan and Muniyappa (1994). They reported that maximum yield was 

obtained by 3 hand weedings. While among herbicides pendimethalin gave highest grain 

yield. 

Nandal and Singh (1995) evaluated anilofos 0.3-0.6 kg ha-1 applied 5-15 days after 

planting, 0.5 kg oxadiazon, 1 kg butachlor, 0.75 kg pretilachlor and hand weeding 30 + 60 

days after planting for weed control dominated by E. colonum and Cyperus iria in both years. 

They concluded that panicles m-2; grains per panicle were maximum and weed dry matter 

was minimum in hand weeding with maximum grain yield. While in second year of study 

hand weeding, oxadiazon, butachlor and pretilachlor and anilofos applied at 0.45 kg 5days 

after planting and 0.45-0.6 kg 10 days after planting all gave same results. Nandal and Singh 

(1995) evaluated the efficacy of three doses of anilofos (0.3, 0.45,0.6 kg a.i. ha-1), three 

timings of application (5, 10 and 15 DAS), three herbicide checks (0.5kg a.i. ha-1 oxadiazon, 

1 kg a.i. ha-1 butachlor and 0.75 kg a.i. ha-1 pretilachlor) and three mechanical checks (weed-

free, two hand weedings and weedy check) in directly sown rice. Their results show that 

hand weeding was significantly better than all other treatments except weed-free in reducing 

the density and dry weight of weeds and increasing kernel yield in first year while in second 

year it was same to herbicides 0.45 kg a.i. ha-1 anilofos (5 and 10 DAS) and 0.60 kg a.i. ha-1 

anilofos (10 DAS).  

Hand weeding and herbicide were evaluated by Chandra et al., (1998) in drill seeded 

upland rice having E. colonum, Cyperus iria and Trianthema monogyna as major weeds. 

Their results revealed that hand weeding at 25 and 40 DAS gave minimum density and dry 

weight of these three weeds with maximum weed control efficiency (93.9%), grain yield and 

increase in yield over weedy check (27.9%) as compared with herbicides. Combination of 

herbicides and hand weeding in direct-seeded puddled rice evaluated by Nandal and Om 

(1998). The major weeds were C. iria, E. crus-galli, Paspalum distichum, Ischaemum 

rugosum, Commelina benghalensis and Caesulia axillaries. The maximum grain yield (41.42 

and 49.17 q ha-1) was noted when pretilachlor @ 1.0 kg ha-1 + hand weeding during both 

years, respectively. Kohle (1999) reported that in increasing rice grain yield post-emergence 

application of fenoxoprop + ethoxysulfuron (45+15, 60+10 or 60+15 h ha-1) and hand 

weeding twice were comparable with each other with grain yield of 3.32–3.61 and 3.55 t ha-1, 
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, respectively and yield reduced to 61.1% in unweeded control. Higher weed control 

efficiency (74.2 to 89.6%) and lower reductions in yield (5.3 to 12.8%) was attained with 

combined application of fenoxyprop and ethoxysulfuron compared to that when these 

herbicides were applied alone. Turkhede et al., (1999) checked the efficacy of twelve 

methods of weed control on density, dry weight and control efficiency of weeds and on grain 

and straw yield of rice. Their results indicated that herbicides followed by hand weeding after 

40 days of sowing have better weed control than that of sole application of herbicide. 

Angadi et al., (1993) checked the effects of butachlor at 1-2 kg, pendimethalin 1-1.5 

kg alone or with 1.0 kg butachlor, hand weeding 30 days after emergence. Their results 

showed that all weed control treatments reduced dry weight of weeds from untreated control 

values of 201- 972 g m-2 to 21- 480 g m-2 and increased crop yield from control 60-510 kg 

ha-1 to 680-2530 kg ha-1. Nandal and Singh (1995) looked at the effects of butachlor at 3, 6, 9 

and 12 days after sowing and its comparison with hand weeded controls. They concluded that 

69.3% weed control was obtained by butachlor and least losses in grain yield 0.6% compared 

with hand weeded control. Azmi (2002) reported that bensulfuron, 2, 4-D, amine and manual 

weeding produced higher yields than other herbicides including Pretilachlor treatments. Dose 

of herbicide to be used is also very important to get desired results. 

2.4: Allelopathy in direct-seeded rice 

As synthetic herbicides have harmful effects on environment so alternate ways such 

as biological method can be used to address weed problem. There are certain plants which 

naturally possess chemicals that affect the germination and growth of nearby plants. These 

chemicals are called allelochemicals which can effectively be used to control weeds in direct-

seeded rice. Sorgoleone (Allelochemical released from sorghum) is used as a potent 

bioherbicide, which controls grass and broadleaf weeds at lower concentrations like 10 M in 

hydroponic bioassays (Einhellig and Souza, 1992; Nimbal et al., 1996). Meazza et al., (2002) 

reported that sorgoleone also inhibits hydroxyl phenyl pyruvate dioxygenase (HPPD) and its 

activity was stronger than the napthoquinone produced by black walnut (juglone).  

Mulching can reduce weed seed germination or seedling emergence physically 

(Mahmood and Cheema, 2004) but established perennial weeds are not controlled (Bond and 
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Grundy, 2001). The water extracts of various crop residues having allelopathic potential have 

also been successfully used to inhibit growth of weeds (Khaliq et al., 1999; Cheema et al., 

2003; Irshad and Cheema, 2005). The allelopathic effects of sorghum species like Sorghum 

bicolor, Sorghum halepense etc. and allechemicals from these species of sorghum have been 

identified and well documented, information on identification of allelochemicals and 

exudates of living roots are available (Cheema et al., 1988; Einhellig and Rasmussen, 1989; 

Gavazzi and Paris, 2000; Duke et al., 2002; Irshad and Cheema, 2005). Grain sorghum 

biotypes have adverse effects on the establishment of other crops because allelochemicals are 

released into the soil as root exudates or after decay (Sene et al., 2001). Hammouda et al., 

(1995) observed the effect of sorghum residues on wheat and noted that all parts of the 

sorghum had water soluble compounds that reduced the early growth of wheat. P-hydroxy 

benzoic acid (p-BHA one of the several allelopathic compounds) was applied on soybean 

seedlings by Barkosky and Einhellig (2003). They reported that growth of soybean was 

reduced by p-BHA. Seedling length of alfalfa was reduced by 39% for grain sorghum 

extracts which was more inhibitory than many of the grass extracts (Chung and Miller, 

1995).  

2.4.1: Sorghum water extract and weeds 

Post-emergence application of sorgoleone at concentration like atrazine (0.6 kg a.i. 

ha-1) inhibited the growth of 14 days old small seeded weed seedlings (Czarnota et al., 2001). 

Sorghum water extract (sorgaab) has been found to be allelopathic in many studies by 

Cheema et al., 2000; Irshad and Cheema, 2005. Weed inhibition with 1, 2 or 3 foliar sprays 

was up to 73% in wheat (Cheema et al., 2000), 34-57% in maize (Ahmad et al., 2000), 16-

68% in mung bean (Cheema et al., 2000), 47-75% in raya (Bhatti et al., 2000) and 20-42% in 

soybean (Khaliq et al., 1999). 
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2.4.2: Allelopathy of Sunflower  

Residues of sunflower affect weeds and succeeding crop by releasing allelochemicals 

(Narwal, 2004). Other studies showed that it has allelopathic effect both on weeds and also 

crops (Tung et al., 1996, Nanjappa et al., 1998; Tongma et al., 2001) 

2.4.2.1: Sunflower allelopathy on crops 

Most of the allelochemicals in sunflower suppress or delay seed germination of many 

species (Inderjeet and Duke, 2003). Batish et al., (2002) evaluated the effect of sunflower 

residues on Zea mays, Cyamopsis tetragonoloba, Sorghum vulgare and Pennisetum 

americanum and observed that growth of these crops was significantly reduced by sunflower. 

A pot culture conducted by Narwal et al., (1999a) documented that sunflower infested soil 

inhibited the germination, growth development and yield of all test crops (sorghum, maize, 

cotton, cow peas, cluster beans, green gram, black gram, soybeans and pigeon peas). Narwal 

et al., (1999 b) reported that in field presence of a preceding sunflower crop reduced the plant 

height, dry matter and yield of all subsequent crops mentioned above compared with those 

sown in fallow plots. The reduction in growth, yield and yield components was observed in 

sunflower and cotton while the least reduction was observed in cereals and moderate effects 

in legumes. Narwal et al., (2002) evaluated the efficacy of water extract of sunflower root on 

some winter oil seed crops. The sunflower water extracts of roots inhibited and delayed the 

germination and early growth in test oil seed crops. The reduction had inverse relation with 

concentrations of extract.  

Allelopathic inhibitory effect of water extract of sunflower on germination and early 

growth of rice was found by Oudhia and Tripathi (2000). Effect of extracts of various 

sunflower parts (leaf, stem, root or whole plant) on germination and early growth up to 7 

days in sesame (Sesamum indicum), red gram (Cajanus cajan), maize (Zea mays), green 

gram (Vigna radiata), finger millet (Eleusine coracana), black gram (Vigna mungo), 

sorghum (Sorghum bicolor), groundnuts (Arachis hypogaea) and pearl millet (Pennisetum 

americanum). The effects of extracts varied with crops. In most of crops values of 

germination percentage, root and shoot length, vigor index and dry matter production were 

decreased. 
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2.4.2.2: Sunflower allelopathy on weeds 

Sunflower has been reported to be allelopathic to many weeds (Muminovic, 1991). 

Park et al., (1992) reported that germination, root length and fresh weight of wild rice (E. 

colonum) were adversely affected by various concentrations of acidic and neutral fractions of 

root exudates from sunflower. Root length was more inhibited than shoot length. Anjum and 

Bajwa (2005) reported that potential allelochemicals from sunflower can be a possible 

alternative for sustainable weed management. They also stated that leaf water extracts of 

sunflower are more inhibitor than stem and root extracts. 

2.4.3: Combined allelopathy of crop water extracts 

Mixtures of allelochemicals are also used to increase weed control efficiency and 

selectivity (Green et al., 1995). Allelopathic activity in vivo is considered to be a combined 

effect of allelochemicals (reviewed in Einhellig, 1995). Cheema et al., (2003) stated that 

combination of sunflower, sorghum and eucalyptus water extracts were more economical 

than individual crop water extract. While Inderjeet et al., (2002) reported that mixture of two 

phenolic acids (either ferulic acids and p-hydroxy benzoic or p-coumaric p-hydroxybenzoic 

acids or p-coumaric and ferulic acids) was antagonistic in general and no evidence was found 

for synergistic effect of phenolic acids. Lyu et al., (1990) observed that two phenolic acids 

(p-coumaric and vanillic acids) when applied as a mixture showed antagonistic effects. These 

effects could be different on various species (Inderjeet et al., 2002). 

2.4.4: Allelopathy of weeds on crops  

The allelopathic effects of bermudagrass was checked by Hussain and Khan (1988) 

where its water extracts, root and shoot litters and soil infested with bermudagrass patches 

had significant effect on reducing the germination, early growth, biomass, moisture and 

chlorophyll content of barley, maize and wheat crops. The growth of young maize, 

sunflower, carrot, cucumber, lettuce, squash, onion, radish and tomato plants was inhibited 

when grown in soil infested with Cynodon dactylon (Meissner et al., 1989). Weeds like 

barnyardgrass (E. crus-galli- Abdallah et al., 1990), milk thistle (Silybum marianum- 

Chaghtai et al., 1988), Johnson grass (Sorghum halepense- Hillsman et al., 1988 and Weil 

and Mcfadlen, 1991), walnut (Juglan regia- Hussain et al., 1991), curely dock (Rumex 
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crispus- Moreno and Franscisco, 1991); parthenium (Parthenium hysterophorus- 

Swaminathan et al., 1990; Singh and Sangeeta, 1991) and leafy spurge (Euphorbia esula- 

Hogan and Manners, 1991) have allelopathic effects on the germination and seedling growth 

of various crop plants. 

Similarly in agricultural fields of Pakistan many common weeds like Bermudagrass 

(Cynodon dactylon- Hussain and Khan 1988), purple nutsedge (Cyperus rotundus- Mahmood 

et al., 1989) and bladygrass (Imperata cylindrical- Hussain and Abidi, 1991) etc have been 

documented to have allelopathic effects reducing the germination and seedling growth of 

various crop plants. Chou (1989) studied the allelopathic activity of leachates from four sub-

tropical grasses Digitaria decumbens, Brachiaria mutica, panicum repens and imperata 

cylindrical. The leachates of each grass were used to evaluate the growth of these four 

grasses in a pot experiment which revealed variable inhibition of growth as compared to tap 

water control. In laboratory experiments, the leachates significantly inhibited the radicle 

growth of rye grass.   

Germination and growth of bahiagrass (Paspalum notatum) were significantly 

inhibited in soil having perennial shrub (Polygonella myriophylla) as compared to adjacent 

bare soil. The average germination of bahiagrass in soil with Polygonella myriophylla was 

71% and in bare soil 81% while the average shoot dry weight was 48% and 81%, 

respectively. Water extracts, decaying residues and root exudates of Euphorbia prostrate 

were inhibitory to bermudagrass and prostrate knotweed (AlSaadawi et al., 1990). They 

pointed out that there were some inhibitory compounds in the extract from this weed which 

reduced the growth of Bermudagrass. The phytotoxic effects of the aqueous extracts of 

Miscanthus transmorrisonensis on germination and growth of rye grass (Lolium perenne L.) 

have been reported by Chou and Lee (1991). Yang and Futsuhara (1991) reported that when 

Soybean (Glycine max) and rice (Oryza sativa L.) calli grown in the same bottle revealed 

such a high allelopathic effect that the growth of soybean calli was suppressed by more than 

hundred times.  

The allelopathic potential of water extracts of wheat straw (0, 25, 50, 75 and 100% 

w/v) on the germination and growth behavior of crowfootgrass (Dactyloctenium aegyptium 

L.) and field bindweed (Convolvulus arvensis L.) was investigated under laboratory and pot 
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experiments by Cheema et al., (1988). The germination and growth of the above mentioned 

weeds was significantly suppressed at all concentrations. Root exudates of sorghum 

(sorghum bicolor) inhibited the growth of all weeds tested including Digitaria sanguinalis, 

Amaranthus retroflexus, Abutilon theophrasti, Datura stramonium and Setaria viridis 

(Einhellig and Souza, 1992). A biologically active hydrophobic substance from sorghum 

whose major component (85-90%) known as sorgoleone is reported as an allelopathic 

compound (Weston et al., 1999, Einhellig and Souza, 1992 and Netzly et al., 1988). 

2.4.5: Crop plants on weeds 

Some crop plants also possess certain allelochemicals which if used in a systematic 

way can reduce or delay the growth of weeds. Allelopathic effects of 189 rice cultivars 

mostly belonging to Oryza sativa and few O. glaberimma were checked in laboratory to 

reduce the growth of weeds by Fujii (1992). There were significant differences among 

cultivars for allelopathic activity. Japonica rice showed little allelopathic effect while some 

varieties of red rice and javanica rice showed high inhibitory effect. Navarez and Olofsdotter 

(1996) reported that some allelopathic cultivars strongly inhibit elongation of roots of 

Echinochloa crus-galli but no significant effect on shoot. 

Residues of allelopathic rice cultivars significantly reduced the seed bank of E. crus-

galli. The reductions soon after harvesting and land preparation were 36, 43, and 46%, 

respectively for IET 11754, Bala, IET 1444 and LD 1807 rice cultivars (Hassan et al., 1998). 

Dilday et al., (1998) stated that rice cultivar “Taichung native” has allelopathic activity 

against four serious weeds T. portulacastrum, Heteranthera limosa, E. crus-galli and 

Ammania coccinea. According to Bhargavi and Reddy (1990) 2, 4-D ethyl ester at 0.9 kg ha-1 

applied as pre-emergence and early post-emergence and pre-emergence butachlor at 15 kg 

ha-1 imparted effective weed control especially Cleome viscosa, Cyperus rotundus and E. 

colonum. Fujii (1992) in japan reported that native japonica cultivars possess various levels 

of allelopathic potential against weeds of rice. Lin et al., (1992) observed that out of 38 rice 

germplasm lines, 9 reduced the growth of duck salad and other aquatic weeds by 8-90%. 

Rice husks also possess strong allelopathic potential in controlling weeds of rice (Park et al., 

1992). Natural weed suppressing ability of sorgaab (sorghum water extract) in wheat crop 

was studied by Cheema et al., (2000). They reported that two foliar sprays of sorgaab (10%) 
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30 and 40 days after sowing resulted in reduction in density and biomass of weeds by 22 and 

46%, respectively and increase in yield of wheat over control was 21%.   

Release of certain allelochemicals from plants affects the growth and development of 

other plants which can play a significant role in natural cultivated ecosystem (Olofsdotter, 

1998). The allelopathic potential of alfalfa and its residues on blady grass (Imperata 

cylindrica L.) was evaluated by Abdul- Rehman and Habib (1989). They reported that 51-

56% germination and an average of 88% of blady grass seedlings were reduced by 

decomposed alfalfa roots and their associated soil. Cheema and Ahmed (1992) stated that 

selective allelopathic effects on weeds and crop were shown by sorghum. They reported that 

sorghum incorporation significantly reduced Cyperus rotundus density by 55 to 94% and 

other weeds dry weight by 26 to 49%. In another field study Cheema and Khaliq (2000) 

concluded that soil incorporation of mature sorghum (2-6 Mg ha-1) at the time of sowing 

reduced weeds by 40-50%.  
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CHAPTER 3 

MATERIALS AND METHODS 

3.1. Experimental conditions 

Site and Soil 

Two field experiments were conducted at Student’s Farm, Department of Agronomy, 

during 2008 and 2009 while two laboratory experiments were conducted in the laboratory, 

Department of Agronomy, University of Agriculture Faisalabad. Faisalabad lies between 

30.35-31.47 °N latitude and 72.08-73 °E longitude with altitude of 150 m. Soil samples were 

taken before sowing for physico-chemical analysis in both the seasons for field experiments 

(Table 3.1).  Meteorological data for the Kharif, 2008 and 2009 were obtained from 

meteorological cell, Department of Crop Physiology University of Agriculture, Faisalabad 

located within 300 meter radius of experimental area (Fig 3.1).  

3.2. Experiments 

 Two field and two laboratory experiments were conducted during the years 2008 and 

2009. The details are given here under. 

3.2.1. Laboratory experiments: 

3.2.1.1. Experiment 1: Allelopathic effects of weeds on the germination and seedling 

growth of fine rice  

The experiment comprised following treatments. 

Factor A (Weeds) 

W1 =   Trianthema portulacastrum    (Horse purslane) 

W2 =  Dactyloctenium aegyptium (Egyptiangrass) 

W3 =  Eleusine indica  (Goosegrass) 
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Factor B (Extracts) 

E1 = Shoot extract  

E2 = Root extract 

E3 = Leaf extract 

E4 = Seed extract 

E5 = Whole plant extract 

Laboratory experiments were conducted twice during the course of studies to evaluate 

the allelopathic effects of water extracts of various parts of T. portulacastrum, D. aegyptium 

and E. indica on the germination and early growth of rice (Oryza sativa). The experiments 

were laid out in completely randomized design with a factorial arrangement of treatments, 

replicated three times. The evaluation of germination was done in Petri dishes while seedling 

growth was evaluated in sand culture in the laboratory. The weeds were harvested at maturity 

from the Agronomy Research Farm, University of Agriculture, Faisalabad (Pakistan). Some 

weed plants were separated into root, shoot, leaf, seed while others were not. The plant parts 

were cut into pieces and then dried at room temperature for one month. Dried plant tissues 

were then soaked in distilled water (1:20 w/v) at room temperature for 24 hours to obtain 

water extracts. The extracts were filtered through a sieve to separate solid materials.  

Seed germination response of fine rice to extracts of all the materials was evaluated in 

a Petri dish assay using filter paper Whatman # 42 as a medium of germination in 9 cm 

sterilized Petri dishes. All the Petri dishes were placed in germinator at 30 °C. Fifty seeds of 

rice were placed in each Petri dish. Distilled water or extract as per treatment was applied to 

avoid drying out of filter paper during the course of experiment. 

3.2.1.2. Experiment 2: Allelopathic effects of sorghum and sunflower water extracts on 

germination and seedling growth of rice (Oryza sativa L.) and three weed species. 

The experiment was comprised of following treatments. 

Factor A (Extracts) 

E1 = Sorghum water extract  

E2 = Sunflower water extract 

E3  = Sorghum water extract + Sunflower water extract 
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Factor B (Weeds and Rice) 

W1 = Trianthema portulacastrum   (Horse purslane) 

W2 = Dactyloctenium aegyptium     (Egyptiangrass) 

W3 = Eleusine indica                       (Goosegrass)   

W4 = Oryza sativa                     (Rice) 

The experiments were laid out in completely randomized design having three 

replications. The experiments were done in Petri dishes in the laboratory. The extracts of all 

the materials were used to test the seed germination response of above mentioned weeds and 

rice using filter paper Whatman # 42 as a medium of germination in germinator. Fifty seeds 

were placed in each Petri dish. Water or extract was applied to avoid drying out of filter 

paper during the course of experiments.  

Three above stated weeds, sorghum and sunflower harvested at maturity were dried 

and stored under shade in first experiment. Shoots, roots, leaves, seeds and whole plants were 

cut into pieces and soaked in water (1:20 W/V) for 24 hours at room temperature. Boiled 

extracts each for shoots, roots, leaves, seeds and whole weed plants were used to see 

allelopathic effects of extracts of weeds on the germination and seedling growth of fine rice. 

In second experiment, whole plant of sorghum and sunflower were chopped and soaked in 

water (1:20 W/V) for 24 hours.  The water extracts of both crops alone and in combination 

with each other were checked for their allelopathic effects on germination and early growth 

of fine rice and three selected weed species. 

3.2.1.5. Observations recorded 

Data on the following observations were recorded during the course of experiments. 

The seeds were treated with 5% (v/v) sodium hypochlorite solution for 5 minutes to avoid 

contamination with fungus (Ruan et al., 2002a). After seed treatment the seeds of rice and 

weeds were given three surface washings with distill water (Khan, 1992) and redried to 

original weight by forced air drying under shade at 27 ± for 48-72 hours. Then these seeds 

were sealed in polyethylene bags and stored in refrigerator until used in experiments.   
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Germination percentage (%)  

Germination was recorded at the end of experiment and represents the ratio of 

number of seeds germinated to total number of seeds tested and is expressed in percentage.  

Germination potential of rice and weed seeds was assessed as described by AOSA 

method (AOSA 1990). A seed having radicle length of 2mm or more was considered as 

germinated (AOSA 1990). Seed germination was monitored daily starting from seed 

imbibition until the maximum germination was obtained in each treatment. 

Time to start germination (days) 

The experiment was visited daily and the time when first seed germinated was 

recorded as time to start germination. 

Time to 50% germination (T50) {days}  

Time to 50% germination was calculated according to the formula of Coolbear et al., 

1984, as modified by Farooq et al., 2004. 

T50 = ti + [N/2-ni] (tj-ti)/nj-ni 

Where N is the final number of seeds germinated and ni, nj cumulative number of seeds 

germinated by adjacent counts at times ti and tj when ni<N/2<nj. 

 Mean germination time (MGT) was calculated according to the equation of Ellis and 
Roberts (1981) as under:  

MGT = ∑ (Dn)/ ∑n 

 
Where n is the number of seeds, which were germinated on day D, and D is the number of 

days counted from the beginning of germination. 

 Energy of germination (GE)  

Germination energy was recorded on the 4th day after planting. It is the percentage of 

germinating seeds 4 days after planting relative to the total number of seeds tested (Farooq et 

al., 2005).  
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Germination index (GI)  

Germination index was calculated as given by the Association of Official Seed Analysts 

(AOSA, 1983) by using the following formula: 

  GI = No of germinated seeds/days of first count+ ------------- +No of 

germinated seeds/days of final count 

Ten seeds of rice and weeds were placed in sand filled beakers for each treatment of 

each replication. Distilled water and extracts were added to each beaker as per treatment. The 

beakers were incubated at 30 °C.  Distilled water and extracts were added subsequently when 

required. Root and shoot length of seedlings were measured at the end of the experiment. 

Seedlings were cut into roots and shoots and were oven dried till constant weight to calculate 

root and shoot dry weight per seedling of rice. 

To check seedling growth the treated seeds were sown in sand filled plastic jars (10 in 

each) replicated thrice and placed in germinator. The emergence was checked daily as 

described by the seedling evaluation handbook of association of official seed analysts (1990). 

Root and shoot length (cm), root-shoot ratio, root and shoot dry weight per seedling (mg) 

were recorded 16 days after sowing. 

The length of roots and shoots was measured in centimeters from the point where the 

root and shoot joins together at the end of the root and to the top of the shoot. Roots and 

shoots of all the seedlings were separated, oven dried at 65 °C for 48 h until they reached a 

constant weight and then they were weighed separately.  

 Seedling vigor index (SVI)  

Seedling vigor index was calculated according to the following formula of Abdul-baki and 

Anderson (1973) 

 SVI = germination/emergence% × radicle length 

At the time of harvest root and shoot length of ten randomly selected seedlings were 

recorded with the help of measuring scale in each replication and was averaged to get mean 

root and shoot length per replication. 
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Coefficient of uniformity of emergence (CUE) 

Coefficient of uniformity of emergence (CUE) was calculated according to the 

following formula of Bewley and Black (1985): 

CUE = ∑ n / ∑ [(ť- t) 2 n] 
 

Where t is the time in days, starting from day 0, the day of sowing and n is the number of 

seeds completing emergence on day t and ť is equal to MET. 

3.2.2. Field experiments: 

3.2.2.1. Experiment 3: Effect of weed-crop competition periods on weeds, growth and 

yield of direct-seeded fine rice sown at different times. 

Treatments  

Main plot (Seeding time) 

S1 = First week of June 

S2 = Third week of June  

S3 = First week of July 

Sub plot (Weed-crop competition periods)  

W1 = No competition (Weed-free) 

W2 = Competition for 15 days after sowing (DAS) 

W3 = Competition for 30 DAS 

W4 = Competition for 45 DAS 

W5 = Competition for 60 DAS 

W6 = Competition throughout the season (Weedy check) 

After prescribed period weeds were removed from the plot and were kept weed-free until 

harvest.  
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Table 3.1: Physico- chemical characteristics of the test soil 

 

 

 

 

 

 

 

 

 

 

  

  

  

   

Characteristics Unit 2008 2009 

A)Mechanical 

analysis 

   

Sand % 36 37 

Silt % 45 45 

Clay % 17 16 

Textural class    Loam loam 

B) Chemical analysis    

pH - 7.8 7.8 

Total soluble salts MEL-1 5.2 5.1 

Organic matter % 1.03 1.02 

Total Nitrogen % 0.052 0.051 

Available Phosphorus ppm 13.1 13.2 

Available potassium ppm 130 130 
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   Fig 3.1:  Meteorological data for growing period of rice 2008 and 2009 
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3.2.2.2. Experiment 4: Effect of weed control methods and seeding time on weeds, 

growth and yield of direct-seeded fine rice. 

Treatments  

Main plot (Seeding time) 

S1 = First week of June 

S2 = Third week of June  

S3 = First week of July 

Sub plot (Weed control methods)  

W1 = Weedy check 

W2 = Penoxsulam (Ryzelan-240SC) @ 15 g a.i ha-1 Pre-em. 

W3 = Bispyribac-sodium (Nominee-10SC) @ 30 g a.i ha-1. Post-em. 

W4 = Manual weed control (3 hoeings) 

W5 = Foliar spray of sorghum and sunflower water extracts each @ 15 L ha-1 

(2 sprays) 

W6 = Sorghum mulch @ 6 t ha-1 

W7 = W2 + 1 hoeing (20 DAS) 

W8 = W3 + 1 hoeing (30 DAS) 

The field experiments were laid out in randomized complete block design with split 

plot arrangement having three replications and a net plot size of 5 m × 2.6 m. Nitrogen @ 

140 kg ha-1, phosphorus @ 80 kg ha-1 and potassium @ 60 kg ha-1 were applied in the form of 

Urea, Diammonium phosphate and Sulphate of potash, respectively. Whole of P and K and 

1/3 of N was incorporated into the soil at the time of seed bed preparation while remaining N 

was top dressed in 2 equal doses at the time of booting and anthesis. The rice variety “Super 

Basmati” was sown in 20 cm apart rows with a single row hand drill using a seed rate of 75 

kg ha-1. To protect the crop from seed borne diseases rice seeds were treated with fungicide 

Topsin-M (Thiophanate Methyl) @ 2 g kg-1 of seed. The seed was soaked in water for 24 

hours and kept under shade after that in a gunny bag for sprouting. First irrigation was done  

4-5 days after sowing in such a way that emerging seedlings were not submerged and this 

practice was continued for 2 weeks after which normal irrigation was done until the harvest. 
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The crop was harvested at physiological maturity then sun dried for a week after which the 

panicles were threshed manually.   

3.2.2.3. Observations recorded 

3.2.2.3.1. Rice  

Agronomic parameters  

Plant height (cm) 

Plant height at maturity was measured with a meter rod from the base of the 

plant to the leaf tip. Height of 20 tillers chosen randomly was measured in each plot 

and was averaged. 

Number of tillers (m-2) 

Tillers from an area of 100 cm × 100 cm were counted at random from three 

different places in each plot and averaged. 

Number of spikelets per panicle 

Twenty panicles were harvested from each plot at maturity and placed in bags. 

After which each panicle was sketched on white paper and total number of spikelets 

per panicle were calculated and averaged. 

Panicle length (cm) 

Twenty panicles were harvested from each plot from primary tillers at 

maturity and panicle length was measured and averaged. 

1000-kernel weight (g) 

Three samples of normal kernels from each replication and from each 

treatment were taken and 1000 kernel weight was recorded. 

Kernel yield (kg ha-1) 

The clean rough rice was air dried, bulked and weighed after harvesting and 

threshing. The kernel weight was adjusted to 14% moisture content and the yield of 

clean rough rice was calculated in kg ha-1.  

Straw yield (kg ha-1) 

Straw yield per plot was recorded after sun drying for one week and expressed 

in kg ha-1.  
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Harvest index (%) 

Harvest index was calculated as the ratio of kernel yield to total (above 

ground) biological yield by using the formula 

HI (%) = Seed yield / biological yield × 100   

Physiological parameters 

Leaf area index 

From 30 cm × 30 cm area plants were harvested fortnightly from each plot 

and analyzed for leaf area and dry matter accumulation. Leaf area was measured with 

the help of a leaf area meter (CI-202, CID, Inc.). Leaf area index was calculated as 

the ratio of leaf area to land area (Watson 1947) 

 LAI = leaf area / land area 

Leaf area duration (days) 

Leaf area duration (LAD) for the entire growing season was estimated by 

using the following formula of Hunt (1978). 

LAD = (LAI1 + LAI2) (t2 – t1) / 2 

Where 

LAD = Leaf are duration 

LAI1 = Leaf area index at first harvest 

LAI2 = Leaf area index at final harvest 

ti = Date of observation of first leaf area index  

t2 = Date of observation of final leaf area index 

Crop growth rate (g m-2 d-1) 

Crop growth rate was measured using the following formula of Hunt (1978). 

CGR = (W2 – W1) / (t2 – t1) 

Where 

W1 = Total dry matter at first harvest 

W2 = Total dry matter at second harvest 

t1 = Date of observation of first dry matter  

t2 = Date of observation of second dry matter  
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Net assimilation rate (g m-2 d-1) 

Net assimilation rate was measured by using the formula as proposed by Hunt (1978) 

 NAR = TDM / LAD  

Where  

NAR = Net assimilation rate 

TDM = Final total dry matter at harvesting 

LAD = Final leaf area duration at harvesting 

Quality parameters of rice kernel 

A common electric lamp with a flexible stand was used as a source of light. The 

panicle was placed in front of lamp in such a way that light may pass through it to 

differentiate between different stages of kernel development. Sterile, opaque and abortive 

kernels were separated. Abortive kernels, normal kernels, opaque kernels and sterile spikelets 

were counted from 20 panicles from randomly selected tillers from each plot. The whole 

panicles were carefully sketched to differentiate between sterile spikelets, opaque, abortive, 

and normal kernels (Nagato and Chaudhry, 1969). 

Sterile spikelets 

Sterile spikelets are unfertilized and unfilled and can be easily distinguished from all 

other categories. Sterile spikelets from ten randomly selected panicles were counted and 

average was calculated.  

Abortive kernels (%) 

 Abortive kernels are those which do not attain full size as they stop growing during 

early stages of kernel development though fertilization does take place. They do not permit 

light to pass through them and look dull. 

Opaque kernels (%)  

 Opaque kernels are those which attain full size but lack of carbohydrates make them 

translucent and overall dull chalky structure due to porous filling of starch also do not allow 

light to pass through them. As their development stopped at later stage therefore they were 

bigger than abortive kernels. They did not acquire normal size because of retarded 

development.        
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Normal kernels 

 Normal kernels are those that are translucent, attain full size, allow light to pass 

through them and show normal starch compaction. Number of sterile spikelets, opaque, 

abortive and normal kernels from each sketch of all the treatments were counted, averaged 

and expressed in percentage. Total number of spikelets was counted from each sketch and 

was averaged. The clear, translucent, normal and without chalky spots kernels were recorded 

by excluding all the abnormal kernels from total number of spikelets. 

Chalky kernels 

 For recording the degree of chalkiness samples of 20 panicles from each plot were 

dehulled using a stake rice machine (Model THU- 35 A). After de-hulling, the samples were 

sorted out by using a seed working board and table lamp. a high power magnifying glass was 

used to separate the chalky kernels from normal kernels on the basis of chalky area present in 

different parts of the kernel. After separation, the chalky kernels of panicles were counted 

and expressed in percentage.  

 Kernel protein content (%) 

 Micro kjeldahal digestion and ammonia distillation was used to determine kernel 

protein content by using titration or colorimetric ammonia assay of the digest to determine 

nitrogen concentration which was converted to protein by multiplying with the factor 5.95. 

 Kernel amylose content (%) 

 Kernel amylose was determined by grinding kernels on a Restch Mill equipped with 

100 mesh sieve according to the method reported by Juliano (1971). The intensity of blue 

colour was read in a spectrophotometer such as Bausch and Lomb Spectronic-20 at 620 nm. 

Kernel water absorption ratio 

 The water absorption ratio (WAR) was determined by the formula reported by Juliano 

et al., 1965) 

WAR = weight of cooked rice / weight of raw rice  

3.2.2.3.2. Weed parameters    

 In first field experiment, crop will be sown at three different times viz; first and third 

week of June and first week of July and weeds will be allowed to compete with crop for 15, 
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30, 45, 60 days after sowing. Weed-free and weedy check will also be included for 

comparison. Second field experiment will comprise above mentioned sowing times and weed 

control methods namely, pre-emergence application of Penoxsulam @ 15 g a.i ha-1; post-

emergence application of bispyribac-sodium @ 30 g a.i. ha-1 alone and both will be followed 

by one manual hoeing; three manual hoeings; extracts of sorghum and sunflower @ 15 L ha-

1; sorghum mulch @ 6 t ha-1. The weedy check treatment will also be included in the 

experiment.                        

Weed density (m-2) and weed biomass (g) 

 To record weed density a quadrate measuring 0.5 m × 0.5 m was randomly put at two 

places in respective plots of each replication. Weeds were counted and then cut from ground 

surface for recording fresh and dry weight. 

Nutrient uptake by weeds (kg ha-1) 

Oven dried samples of weeds taken from 0.5 m × 0.5 m area from two places in each 

plot of each replication were ground and NPK contents were determined as suggested by 

Tecator (1991) and Williams (1984) , respectively. NPK contents percentage in weeds was 

multiplied with their respective dry weights to calculate the N, P and K uptake by them.  

3.3. Statistical analysis 

The data collected was analyzed by using the Fisher’s analysis of variance function of 

MSTAT statistical computer package to test the overall significance of the data and LSD at 

5% (for field experiments) and 1% probability (for laboratory experiments) was used to 

compare the treatment’s means (Steel et  al., 1997). 

3.4. Economic analysis 

Economic analysis was carried out on the basis of variable cost and prevailing market 

prices of rice for field experiments (Anonymous, 1988). 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1. Lab Experiments 

Weeds present in farm fields during the first year of study were evaluated for their effects on 

germination and early growth of rice for correlating with the results in field experiments. For 

this simple, easy and convenient methods were used.  

4.1.1. Experiment 1: Allelopathic effect of weeds on the germination and seedling 
growth of rice (Oryza sativa). 

4.1.1.1. Germination parameters of rice 

 The water extracts varied significantly for mean germination time (MGT) with the 

maximum delay in germination observed where rice seeds were treated with root extract. The 

difference among weeds were also significant and T. portulacastrum took maximum 

germination time while, the minimum value of MGT was recorded for E. indica. The 

interaction between weeds and extracts of different parts was also significant. The maximum 

mean germination time of rice was found where root extract of T. portulacastrum (E2W1) 

was applied but was statistically at par with leaf extract of T. portulacastrum (E4W1). 

Application of distilled water resulted in least mean time for germination. Shoot and seed 

extracts of all the weeds showed non-significant differences with each other. Application of 

water extracts of leaf (E4) and whole plant (E6) of D. aegyptium (W2) and E. indica (W3) 

exhibited non-significant differences with each other but resulted in significantly lower 

germination time than leaf (E4) and whole plant extracts (E6) of T. portulacastrum (W1). All 

the extracts of D. aegyptium (W2) and E. indica (W3); shoot and seed extracts of T. 

portulacastrum (E3W1 & E5W1) were statistically at par with each other and also with 

distilled water treatment (Table 4.1). 

The differences among weeds were significant for time taken for 50% germination 

(T50) and maximum and minimum values were recorded with T. portulacastrum (W1) and E. 

indica (W3). Whereas, ,water extracts also varied significantly with maximum delay in 

germination observed where rice seeds were treated with root extract (E2). The interactive 

effect of both the factors was also significant. Application of water extracts of the selected 
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weed species had significant effect on T50 of rice seed. The highest T50 was observed in root 

extract of T. portulacastrum (E2W1) and was statistically similar to leaf extract of the same 

weed (E4W1). The lowest value of T50 was found where distilled water was applied to rice 

seeds. The extracts of D. aegyptium (W2) and E. indica (W3) were statistically alike 

regarding T50, when applied on rice seeds but significantly lower from all the water extracts 

of T. portulacastrum (W1) except its shoot (E3) and seed extract (E5). The shoot and seed 

extracts of T. portulacastrum (E3W1 & E5W1) exhibited non-significant differences with each 

other and also with control but different from its whole plant extract (E6). All the water 

extracts of D. aegyptium and E. indica were statistically similar to distilled water except seed 

extract of E. indica (Table 4.2).  

The differences among weeds, various extracts of weeds and their interaction were 

significant for germination index (GI). Distilled water treatment revealed maximum 

germination index (GI) while the minimum was observed in application of leaf extract of T. 

portulacastrum (E4W1) to rice seeds. Extracts of all the weeds significantly reduced GI of 

rice over control. Root, leaf, seed and whole plant extracts of D. aegyptium (E2W2, E5W2 & 

E6W2) showed non-significant differences. All the extracts of T. portulacastrum resulted in 

significantly higher GI than those of D. aegyptium and E. indica except seed extract where 

differences among all the weeds were non-significant (Table 4.3). 

The differences among weeds were significant for germination. Similarly, water 

extracts also varied significantly regarding germination with significantly minimum 

germination in root extract (E2). The interaction was also significant and the maximum 

germination percentage of rice seeds was observed in case of distilled water treatment. The 

inhibitory effect on germination percentage was greatest where leaf and whole plant extracts 

of T. portulacastrum (E4W1 & E6W1), shoot extract of D. aegyptium (E3W2)and root extract 

of E. indica (E2W3) were applied. All the water extracts of the weeds under study showed 

significant reduction in germination percentage over control. Seed and whole plant extracts 

of D. aegyptium and E. indica were not different from each other but were significantly 

different from same extracts of T. portulacastrum. Shoot and seed extracts of T. 

portulacastrum (E3W1 & E5W1) were statistically similar with each other.  
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Table 4.1: Effect of water extracts of various parts of weeds on mean germination time 
{MGT} (Days) of rice crop. 

Extract T. portulacastrum 
(W1) 

D. aegyptium 
(W2) 

E. indica (W3) Mean 

Distilled water (E1) 4.75c 4.92c 4.89c 4.85B 

Root extract (E2) 8.85a 6.02c 5.19c 6.69A 

Shoot extract (E3) 5.38c 5.74c 4.75c 5.29B 

Leaf extract (E4) 8.69ab 6.02c 5.17c 6.62A 

Seed extract (E5) 5.62c 6.02c 6.28bc 5.98AB 

Whole plant 
extract (E6) 

7.40b 5.64c 4.87c 5.97AB 

Mean 6.78A 5.73B 5.19C  

LSD 5% Weed = 0.531        Extract=0.751    Interaction = 1.301 

Table 4.2: Effect of water extracts of various parts of weeds on time taken to 50% 
germination {T50} (Days) by rice crop. 

 

Extract T. portulacastrum 
(W1) 

D. aegyptium 
(W2) 

E. indica (W3) Mean 

Distilled water (E1) 2.85d 3.29cd 2.83d 2.99C 

Root extract (E2) 7.77a 4.55c 3.65cd 5.33A 

Shoot extract (E3) 3.90cd 4.47c 3.47cd 3.95B 

Leaf extract (E4) 7.62a 4.48c 3.62cd 5.24A 

Seed extract (E5) 4.07cd 4.50c 4.52c 4.36B 

Whole plant 
extract (E6) 

6.18b 4.29c 3.44cd 4.64AB 

Mean 5.39A 4.27B 3.59C  

LSD 5% Weed = 0.516         Extract= 0.730   Interaction = 1.264 
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Seed and whole plant extracts of E. indica showed non-significant differences with 

each other but significantly higher from other extracts of the same weed. Water extracts of 

root showed greater inhibition in germination than shoot extract of E. indica (Table 4.4).  The 

differences among weeds were significant for germination energy (GE) and time taken to 

start germination. Whereas, water extracts also varied significantly with minimum GE in root 

extract. Application of leaf and root extracts of T. portulacastrum resulted in least GE and 

maximum time to start germination by rice seeds followed by the whole plant extract of the 

same weed (Figure 4.1 and 4.2). The root, leaf and whole plant extracts of T. portulacastrum 

resulted in least GE compared with the extracts of other weeds. However, shoot extract of D. 

aegyptium resulted in lower GE than shoot extract of other weeds. Root, leaf and whole plant 

extract of T. portulacastrum showed more inhibitory effect than same extracts of other 

weeds. 

4.1.1.2. Seedling parameters  

The different weeds varied significantly for root length and maximum was recorded 

with D. aegyptium against minimum with T. portulacastrum. The water extracts also varied 

significantly with minimum root length where whole plant extract was applied. The 

maximum root length was recorded in distilled water treatment. Application of shoot and leaf 

extract of D. aegyptium and shoot extract of T. portulacastrum showed neither inhibitory nor 

stimulatory effect on root length (Table 4.5).  

The differences among weeds were significant for shoot length. Whereas, water 

extracts also varied significantly with minimum shoot length where whole plant extract was 

applied. The maximum shoot length was recorded with application of seed extract of T. 

portulacastrum. Seed, leaf and shoot extracts of E. indica and D. aegyptium were statistically 

similar for shoot length to distilled water treatment. Water extracts of shoot and seed of D. 

aegyptium when applied to rice gave statistically similar results. The maximum reduction in 

root and shoot length over control was noted with application of leaf extract of T. 

portulacastrum whereas, among water extracts of D. aegyptium and E. indica, the maximum 

reduction was found in application of root extracts of both weeds (Figure 4.3 and 4.4).  
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Table 4.3: Effect of water extracts of various parts of weeds on germination index (GI) 
of rice crop. 

Extract T. portulacastrum 
(W1) 

D. aegyptium 
(W2) 

E. indica (W3) Mean 

Distilled water (E1) 54.57a 51.52a 55.11a 53.73A 

Root extract (E2) 13.55d 25.69bc 23.69c 20.98C 

Shoot extract (E3) 32.45b 18.61cd 24.41c 25.16BC 

Leaf extract (E4) 11.96d 26.15bc 28.92bc 22.35C 

Seed extract (E5) 26.55bc 25.50bc 30.98bc 27.68B 

Whole plant 
extract (E6) 

14.58d 24.27c 31.22bc 23.36C 

Mean 25.61C 28.62B 32.39A  

LSD 5% Weed = 2.892         Extract=4.090    Interaction = 7.085 

Table 4.4: Effect of water extracts of various parts of weeds on germination (%) of rice 
crop. 

Extract T. portulacastrum 
(W1) 

D. aegyptium 
(W2) 

E. indica (W3) Mean 

Distilled water (E1) 96.67a 95.33a 94.00a 95.33A 

Root extract (E2) 72.67ef 78.67d 68.00f 73.11E 

Shoot extract (E3) 90.00b 68.00f 74.00e 77.33CD 

Leaf extract (E4) 68.00g 82.00c 78.67d 76.22D 

Seed extract (E5) 89.33b 82.00c 83.33c 84.89B 

Whole plant 
extract (E6) 

70.00f 82.67c 84.00c 78.89C 

Mean 81.11ns 81.44 80.33  

LSD 5% Weed=ns          Extract=1.921    Interaction = 3.327 
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The application of seed and shoot extracts of T. portulacastrum, shoot and leaf 

extracts of D. aegyptium and E. indica showed stimulatory effect on the shoot length of rice 

over control. The shoot and root length of rice seedlins was affectd significantly by 

application of water extracts of various parts of weeds (Table 4.5 and 4.6). 

Differences among weeds were significant for root dry weight per seedling with 

minimum root dry weight per seedling was found for T. portulacastrum. Whereas, root dry 

weight was significantly affected by water extracts with minimum where extract of root was 

applied. The interaction between weeds and water extract of various parts was also 

significant. Root dry weight per seedling of rice was significantly reduced by application of 

all the water extracts of three weeds as compared to control. The significantly lowest root dry 

weight per seedling of rice was found where root extract of D. aegyptium was applied 

(E2W3). Root and whole plant extracts of T. portulacastrum when applied to rice showed 

similar effects on its root dry weight per seedling. Seed extract was significantly different 

from all other extracts of the same weed. Shoot and seed extracts of D. aegyptium (E3W3 & 

E5W3) when applied to rice indicated similar results to each other and significantly different 

from all other extracts of the same weed. Application of leaf extract of D. aegyptium (E4W3) 

was significantly different from other extracts of this weed. Root and whole plant extracts of 

E. indica were statistically similar to each other for their effect on root dry weight per 

seedling of rice (Table 4.7).   

Application of seed extract of T. portulacastrum (W1) revealed maximum reduction 

in root dry weight per seedling of rice over control. Among the water extracts of various 

parts of D. aegyptium and E. indica, the water extract of root of D. aegyptium (E2W2) and E. 

indica (E2W3) exhibited maximum reduction in root dry weight per seedling. Maximum 

reduction in shoot dry weight per seedling was recorded in application of seed extract of T. 

portulacastrum (E5W1), root extracts of D. aegyptium (E2W2) and E. indica (E2W3), 

respectively.. Shoot extract of T. portulacastrum (E3W1), shoot and leaf extracts of E. indica 

(E3W3 & E4W3) increased the shoot dry weight per seedling. When seed extract of D. 

aegyptium (E5W2) was applied to rice, it increased the shoot dry weight per seedling as 

compared with distilled water treatment (Figure 4.6). 
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Weeds varied significantly for shoot dry weight per seedling. Similarly, water 

extracts also varied significantly with minimum and maximum shoot dry weight per seedling 

where shoot extract and distilled water was applied, respectively. The interaction was also 

significant. The shoot dry weight per seedling was significantly decreased by application of 

water extracts of various parts of weeds under study. The minimum and significantly lower 

shoot dry weight per seedling was noted in seed extract of T. portulacastrum (E5W1). Seed 

extract of D. aegyptium (E5W2) showed similar results to distilled water control while all 

other extracts of the same weed differed significantly from each other. 

Rice seeds subjected to shoot and leaf extracts of E. indica were statistically alike and 

significantly different from all other extracts of the same weed. Application of root, leaf, seed 

and whole plant extracts of all the weeds were significantly different from each other for 

shoot dry weight per seedling of rice. Shoot extract of T. portulacastrum and E. indica (E3W1 

& E3W3) were similar with each other but significantly different from shoot extract of D. 

aegyptium (E2W2) for their effect on shoot dry weight per seedling of rice. Application of 

water extract of seed of E. indica (E5W3) to rice was significantly different from all other 

extracts of the same weed (Table 4.8). 

The differences among weeds were significant for coefficient of uniformity of 

emergence (CUE). Whereas, water extracts also varied significantly with maximum CUE 

where shoot extract was applied to rice. The minimum and significantly lower CUE was 

recorded where distilled water was applied to rice. The maximum CUE was found where rice 

seeds were kept moistened by shoot extract of E. indica followed by D. aegyptium (Figure 

4.7). The seedling vigor index (SVI) was affected significantly by different weeds and 

extracts of weed parts and the minimum SVI was found where leaf extract of T. 

portulacastrum was applied to rice whereas, the maximum was recorded in distilled water 

treatment. Application of whole plant and leaf extracts of the weeds resulted in significant 

differences. Shoot extract of T. portulacastrum and leaf extract of D. aegyptium could not 

differ significantly from distilled water application for SVI (Figure 4.8). 
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Table 4.5: Effect of water extracts of various parts of weeds on root length (cm) of rice 

Extract T. portulacastrum 
(W1) 

D. aegyptium 
(W2) 

E. indica (W3) Mean 

Distilled water (E1) 6.27a 6.43a 6.43a 6.38A 

Root extract (E2) 3.83g 4.70e 4.27f 4.27D 

Shoot extract (E3) 6.23ab 6.37a 5.57c 6.06B 

Leaf extract (E4) 2.20i 6.40a 5.70bc 4.77C 

Seed extract (E5) 5.97b 5.97b 5.77bc 5.90B 

Whole plant 
extract (E6) 

2.93h 5.20d 4.47ef 4.20D 

Mean 4.57C 5.84A 5.37B  

LSD 5% Weed = 0.115         Extract=0.163     Interaction =0.282 

 Table 4.6: Effect of water extracts of various parts of weeds on shoot length (cm) of rice 

Extract T. portulacastrum 
(W1) 

D. aegyptium 
(W2) 

E. indica (W3) Mean 

Distilled water (E1) 5.37bc 5.27c 5.47bc 5.37B 

Root extract (E2) 3.93f 4.47de 4.33e 4.24D 

Shoot extract (E3) 5.90ab 5.33bc 5.53bc 5.59A 

Leaf extract (E4) 2.87g 5.30b 5.60b 4.59C 

Seed extract (E5) 5.97a 5.07c 5.47bc 5.50AB 

Whole plant 
extract (E6) 

3.03g 4.73d 4.53de 4.10D 

Mean 4.51C 5.03B 5.16A  

LSD 5% Weed = 0.123         Extract=0.174     Interaction =0.301 
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Table 4.7: Effect of water extracts of various parts of weeds on root dry weight per 
seedling (mg) of rice 

Extract T. portulacastrum 
(W1) 

D. aegyptium 
(W2) 

E. indica (W3) Mean 

Distilled water (E1) 13.94a 13.77a 13.77a 13.83A 

Root extract (E2) 11.25f 10.08i 11.97e 11.10F 

Shoot extract (E3) 12.87bc 12.88bc 12.71c 12.82B 

Leaf extract (E4) 11.09f 11.26f 12.91b 11.75D 

Seed extract (E5) 10.48h 12.72c 12.46d 11.88C 

Whole plant 
extract (E6) 

11.22f 10.77g 12.14e 11.38E 

Mean 11.81C 11.91B 12.66A  

LSD 5% Weed =0.075          Extract=0.105     Interaction = 0.181 

Table 4.8: Effect of water extracts of various parts of weeds on shoot dry weight per 
seedling (mg) of rice 

Extract T. portulacastrum 
(W1) 

D. aegyptium 
(W2) 

E. indica 
(W3) 

Mean 

Distilled water (E1) 12.35b 12.40b 12.34d 12.37A 

Root extract (E2) 10.55h 9.46j 11.48e 10.49C 

Shoot extract (E3) 12.59a 11.96c 12.56ab 12.37A 

Leaf extract (E4) 10.27i 11.15f 12.51ab 11.31B 

Seed extract (E5) 9.26k 12.41b 11.96c 11.21B 

Whole plant 
extract (E6) 

11.26f 10.80g 11.76d 11.27B 

Mean 11.05C 11.36B 12.10A  

LSD 5% Weed =0.068 Extract=0.096   Interaction = 0.166 
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Discussion 

The maximum mean germination time in rice with application of root and leaf extract 

of T. portulacastrum could be attributed to more inhibitory allelochemicals which delayed 

the germination of rice seed. Tanveer et al., (2008) also reported an increase in MGT due to 

application of water extracts of weeds. Time taken to 50% germination (T50) was increased 

with application of water extracts of various parts of weeds. 

Maximum T50 in rice with application of root and leaf extract of T. portulacastrum 

might be due to inhibitory effects of chemical compounds which delayed the germination of 

rice and increased the T50. Tanveer et al., (2008) also reported significant differences for T50 

in rice with maximum by leaf extract of Xanthium strumarium. Germination index was 

decreased significantly with application of water extracts of various weed parts. The 

inhibition in GI can be attributed to reduction in germination percentage of rice.  The results 

are in accordance with the findings of Tanveer et al., (2008) who reported the maximum 

germination index of rice in control and minimum where leaf leachate of X. strumarium was 

applied. A decreasing trend in germination was noted by application of water extracts of 

various parts of weeds. Results are quite in line with the findings of Tanveer et al., (2008) 

who reported the maximum reduction in germination percentage of rice seed by leaf 

leachates of X. strumarium. Water extracts of many weed species contain allelochemicals 

which reduce the germination and growth of many crop plants (Rice, 1984). The maximum 

inhibition of germination and germination index by leaf extract of T. portulacastrum might 

have been due to production of more water soluble compounds in leavesthat would have been 

enough to reduce germination of rice. Results are also supported by the findings of Andrew 

et al., (2006) who reported inhibitory effects of leaf leachates of lippie (Phyla canescens) on 

the germination of oat, radish and lettuce.Water extracts of aerial parts of weed are generally 

more potent than sub aerial parts in lowering the germination potential; root and shoot 

lengths of rice seedlings (Singh and Sangeeta, 1991). 
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The germination is inhibited more by the aerial parts than the sub aerial parts (Kil and 

Yun, 1992). This might be due to allelochemicals in aerial plant parts causing more 

inhibitory effects. Least GE and maximum time taken to start germination by application of 

leaf and root extracts of T. portulacastrum can be attributed to presence of water soluble 

compounds in leaf and root extracts of T. portulacastrum which delayed the germination of 

rice seeds. Lowest root length of rice seedlings by application of leaf extract of T. 

portulacastrum shows that more inhibitory allelochemicals are present in fruit and leaf parts 

than in roots (Kanchan and Jayachandra, 1980). Cell division might have been affected 

which reduced the root and shoot length of rice seedlings as allelopathic compounds are 

known to inhibit functioning of gibberellin and indole acetic acid (Tomaszewski and 

Thimann, 1966). 

 Variation in inhibition of root length of rice seedlings by different water extracts of 

weeds might be due to variation in concentaration of compounds present in water extracts of 

various parts of weeds. Inhibitory compounds might be present in leaf extract of T. 

portulacastrum while same might be true for root extracts of D. aegyptium and E. indica, 

which reduced the root and shoot lengths of rice. The results are contrary with the findings of 

Tanveer et al., (2008) who reported maximum reduction in root length of rice by fruit 

leachate of X. strumarium. Difference of weed species and variation in allelopathic potential 

of weed parts might be the reason for this contradiction. Stimulatory allelochemicals might 

be the reason for increase in shoot length of rice seedlings by seed, shoot and leaf extracts of 

T. portulacastrum, D. aegyptium and E. indica, , respectively. Water soluble inhibitors could 

be the reason of significant reduction in the root and shoot length of rice (Inderjit and 

Dakshini, 1992; Kil and Yun, 1992). 

 Variation in inhibition or stimulation of shoot length of rice shows that various 

parts of these weeds vary for their inhibitory and stimulatory effects. Significantly lowest 

root dry weight per seedling of rice by application of root extract of D. aegyptium contradict 

with the results of Tanveer et al., (2008) who stated that application of root leachate of X. 

strumarium increased rice seedling root dry weight. This contradiction might be owing to 

differences in weed species, structure and growth pattern of roots. Root dry weight per 

seedling of rice over control was reduced to maximum due to application of seed extract of T. 
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portulacastrum may reflect the toxins present in water extract of the seed of T. 

portulacastrum. Results are different from Tanveer et al., (2008) who found reduction inrice 

seedlings root dry weight by applying shoot leachate of X. strumarium. This difference in 

result could be due to difference of weed species under test. Root extract of D. aegyptium and 

E. indica showed maximum reduction in root dry weight per seedling of rice. It could be 

attributed to maximum reduction in root length by water extracts of roots of D. aegyptium 

and E. indica (Figure 5). Seed extract of T. portulacastrum, root extracts of D. aegyptium and 

E. indica showed maximum reduction in shoot dry weight. The results are supported by 

Tanveer et al., (2008) who reported maximum reduction in shoot dry weight of rice by 

applying fruit leachate of X. strumarium.  

 Higher dry weight of shoot per seedling of rice by shoot extract of T. 

portulacastrum, shoot and leaf extract of E. indica might have been due to stimulatory action 

of compounds of shoot extract of the two weeds and leaf extract of E. indica. Stimulatory 

effects of water extracts of weeds and weed parts on early growth of rice have also been 

reported by Tanveer et al., (2008). Increase in shoot dry weight per seedling over control was 

due to increase in thickness and length of shoot. Application of seed extract of T. 

portulacastrum showed minimum shoot dry weight per seedling which could be attributed to 

presence of inhibitory compounds in seed extract of T. portulacastrum. Inhibition in seedling 

growth of rice by water extracts of various parts of weeds may indicate the allelopathic 

potential of these three weeds. These results are in line with the findings of Meihua et al., 

(2006) who reported inhibitory effects of water extracts of Lactarius hatsudake on the 

seedling growth of rape (Brassica campestris) and radish (Raphanus sativus). Sorghum 

(Sorghum bicolor) inhibited the growth of weed seedlings under observation (Einhellig and 

Souza, 1992). Inhibitory compounds were suggested in extract of Euphorbia prostrate which 

inhibited the growth of bermudagrass (AlSadaawi et al., 1990). Chou and Lee (1991) found 

that aqueous extracts of Miscanthus transmorrisonensis exhibited significant allelopathic 

effects on seed germination and radicle growth of rye grass (Lolium perenne L.).  

Extracts of various parts of weeds under test significantly affected the germination 

and seedling growth of rice. Allelopathic activity of T. portulacastrum was more pronounced 

on the germination and early growth of rice as compared to water extracts of various parts of 
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D. aegyptium and E. indica. Inhibition in germination and seedling growth was highest in 

leaf extract of T. portulacastrum as compared to water extracts of all other weed parts of the 

weeds under study. Although results of laboratory experiments are not a perfect indicator of 

those under field conditions, but we may conclude that most of the water extracts of various 

parts of three weeds under test contains water soluble compounds to a varying degree. These 

compounds may also cause allelopathic effects under field conditions therefore T. 

portulacastrum, D. aegyptium and E. indica present in farm fields should be controlled at 

early stage to avoid potential phytotoxic effects of these weeds.                

4.1.2. Experiment 2: Allelopathic effects of sorghum and sunflower water extracts on 

germination and seedling growth of rice (Oryza sativa L.) and three weed species. 

4.1.2.1. Germination parameters 

Application of crop water extract alone and in combination significantly affected the 

mean germination time (MGT) with maximum delay where sunflower water extract was 

applied. Rice and weed seeds also showed significant differences with more delay in MGT of 

E. indica.  The minimum was noted in distilled water application to seeds of all weeds and 

rice which could not reach the level of significance with each other. There was a significant 

difference between MGT of rice and weeds subjected to water extracts application and 

control except where seeds of rice and T. portulacastrum were treated with sorghum water 

extract (Table 4.10).  

The time taken for 50% germination (T50) was affected significantly by application of 

water extracts alone and in combination and the maximum T50 was recorded where sunflower 

water extract was applied. Rice and weed seeds also showed significant differences for T50 

and the maximum time was taken by E. indica. There was non-significant difference for T50 

of seeds of rice and weeds where distilled water was applied with minimum T50. Among the 

water extracts application to T. portulacastrum the maximum inhibition in T50 was found 

where sunflower alone and sorghum and sunflower water extracts were applied in 

combination. While, significantly maximum delay in T50 of D. aegyptium was noted where 

water extract of sunflower was applied. Combined application of sorghum and sunflower 

water extracts to seeds of Eleusine indica and sole sunflower water extract application were 
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statistically alike. Sole application of water extracts of sorghum and sunflower to rice and T. 

portulacastrum seeds showed statistically similar T50 while the effect of sorghum water 

extract on T50 of D. aegyptium and E. indica was significantly different from each other. 

Seed of D. aegyptium varied significantly with application of each water extract of sorghum, 

sunflower, combined application of water extracts and distilled water (Table 4.9). 

Application of crop water extract alone and in combination differed significantly for 

germination index (GI) with maximum where sorghum water extract was applied. Rice and 

weed seeds also showed significant differences for GI with maximum in D. aegyptium. The 

interactive effect of both the factors was also significant and the maximum germination index 

(GI) was found where seeds of D. aegyptium were subjected to application of distilled water 

(W3E4) whereas, the minimum was found where T. portulacastrum seeds were subjected to 

combined application of both crop water extracts (W2E3). There was significant difference 

between GI of rice and weed seeds applied with distilled water and crop water extracts. 

Among the water extracts, the GI of rice seed was inhibited the most by application of 

sunflower water extract (W1E2). Combined application of sorghum and sunflower water 

extract caused maximum reduction in GI of all weeds under test. Effect of sorghum water 

extract and combined application of crop water extracts on seeds of weeds was non-

significant for GI but significantly different from germination index of rice seeds subjected to 

application of sorghum water extract (Table 4.11).  

The crop water extract alone and in combination differed significantly for 

germination with minimum where crop water extracts of sorghum and sunflower were 

applied combinely (E3). Rice and weed seeds also showed significant differences for 

germination percentage with maximum inhibition in germination in T. portulacastrum. The 

maximum germination was recorded in seeds of rice and weeds when applied with distilled 

water whereas; the minimum was noted in germination of T. portulacastrum when it was 

treated with sorghum water extract (W2E1). 
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Table 4.9: Effect of water extracts of sorghum and sunflower alone and in combination 
on time taken to 50% germination {T50} (Days) by seed of rice and three weed species 

   

Table 4.10: Effect of water extracts of sorghum and sunflower alone and in combination 
on mean germination time {MGT} (Days) of seed of rice and three weed species 

 Sorghum 
water 
extract (E1) 

Sunflower 
water 
extract (E2) 

Sorghum+ 
sunflower water 
extracts (E3) 

Distilled 
water 
(E4) 

Mean 

Oryza sativa (W1) 5.57d 8.39b 8.79ab 4.71de 6.87B 

T. portulacastrum (W2) 5.58d 8.71ab 8.52ab 4.48e 6.83B 

D. aegyptium (W3) 7.20c 9.46a 8.19bc 4.49e 7.34AB 

E. indica (W4) 8.29bc 9.17ab 9.26ab 4.78de 7.88A 

Mean 6.66B 8.94A 8.69A 4.62C  

LSD 5% Extract= 0.527                Weed=0.527           Interaction = 1.054 

 Sorghum 
water 
extract (E1) 

Sunflower 
water 
extract (E2) 

Sorghum + 
sunflower 
water extracts 
(E3) 

Distilled 
water (E4) 

Mean 

Oryza sativa (W1) 4.04e 6.89bc 6.99bc 2.89f 5.21C 

T. portulacastrum (W2) 4.47e 7.52a 7.38a 2.73f 5.52BC 

D. aegyptium (W3) 5.73d 8.04a 6.92bc 2.66f 5.84B 

E. indica (W4) 6.74c 7.84a 8.03a 3.14f 6.44A 

Mean 5.24B 7.57A 7.33A 2.86C  

LSD 5% Extract= 0.442                Weed= 0.442          Interaction = 0.885 
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Application of water extracts alone and in combination was statistically similar for 

their effects on germination of T. portulacastrum. While in germination of D. aegyptium and 

E. indica, water extracts of sorghum and sunflower showed statistically similar results but 

combined application of water extracts significantly reduced the germination of D. 

aegyptium. Application of sorghum water extract showed similar results when applied to D. 

aegyptium and E. indica seeds but significantly different from germination of T. 

portulacastrum when treated with sorghum water extract. The significant reduction in 

germination by sunflower water extract among rice and 3 weeds was found in T. 

portulacastrum (Table 4.12). 

Application of crop water extract alone and in combination showed a significant 

effect on germination energy (GE) with minimum where combined application of sorghum 

and sunflower water extracts was done and maximum time taken to start germination was 

found where sunflower water extract was applied. Rice and weed seeds also showed 

significant differences for GE and time to start germination with minimum GE and time to 

start germination was recorded in case of E. indica. Combined application of water extracts 

of sorghum and sunflower resulted in least germination energy (GE) of all weeds and rice 

compared with sole application of sorghum and sunflower water extracts. Whereas, the 

maximum GE was found where distilled water was applied to rice and weed seeds (Figure 

4.9). Sunflower water extract when applied to seeds of rice and weeds caused maximum 

delay in time to start germination while the application of distilled water to seeds of rice and 

weeds showed least time to start germination (Figure 4.10). 

4.1.2.2. Seedling parameters 

Application of crop water extract alone and in combination differed significantly for 

root length with maximum where water extract of sunflower was applied. Rice and weed 

seedlings also showed significant differences for root length with maximum in distilled water 

treatment.The maximum root length of rice was noted by application of sunflower water 

extract. Root length of T. portulacastrum was minimum where aqueous extracts of both 

plants were applied together. Root length of D. aegyptium and E. indica was not affected by 

type of water extracts whether alone or in combination, compared with control.  
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Table 4.11: Effect of water extracts of sorghum and sunflower alone and in combination 
on germination index (GI) of seed of rice and three weed species 

 Sorghum 
water 
extract (E1) 

Sunflower 
water 
extract (E2) 

Sorghum+ 
sunflower water 
extracts (E3) 

Distilled 
water (E4) 

Mean 

Oryza sativa (W1) 32.05b 20.41cd 22.41c 49.78a 31.16
A 

T. portulacastrum (W2) 15.84d 13.67d 11.89d 51.01a 23.10
B 

D. aegyptium (W3) 18.47cd 16.24d 14.36d 51.56a 25.16
B 

E. indica (W4) 18.04cd 17.00cd 14.44d 45.77a 23.66
B 

Mean 21.10B 16.83C 15.77C 49.38A  

LSD 5% Extract= 3.001                Weed=3.001           Interaction =6.001 

 

Table 4.12: Effect of water extracts of sorghum and sunflower alone and in combination 
on germination (%) of seed of rice and three weed species 

 Sorghum 
water 
extract (E1) 

Sunflower 
water 
extract (E2) 

Sorghum+ 
sunflower water 
extracts (E3) 

Distilled 
water 
(E4) 

Mean 

Oryza sativa (W1) 84.00b 83.33bc 82.67bc 92.00a 85.50A 

T. portulacastrum (W2) 64.00d 67.33d 68.67cd 92.00a 73.00C 

D. aegyptium (W3) 76.00c 76.67bc 67.33d 93.33a 78.33B 

E. indica (W4) 78.00bc 80.00bc 72.00cd 90.00ab 80.00B 

Mean 75.50BC 76.83B 72.67C 91.83A  

LSD 5% Extract= 3.995               Weed=3.995           Interaction = 7.991 
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 Seedlings of E. indica when applied with sole sorghum and sunflower water extracts 

were statistically alike to distilled water treatment (Table 4.13). Application of crop water 

extract alone and in combination differed significantly for shoot length and the maximum 

length was recorded where water extract of sunflower was applied. Rice and weed seedlings 

also showed significant differences for shoot length with maximum in distilled water 

treatment. Application of water extracts of crops increased the shoot length of rice over 

control. The application of water extracts of sunflower and sorghum alone and in 

combination had no significant effect on shoot length of T. portulacastrum, D. aegyptium and 

E. indica but significantly different from distilled water control. The maximum reduction (%) 

over control in root and shoot length of weeds was noted where water extracts of sorghum 

and sunflower were combinely applied as compared to their sole application while root 

length of rice was enhanced as compared to control by application of water extracts of 

sorghum and sunflower (Figure 4.11 and 4.12).  

The root dry weight was also affected significantly with application of crop water 

extract alone and in combination and the maximum weight was recorded when water extract 

of sunflower was applied. Rice and weed seedlings also showed significant differences for 

root dry weight per seedling with maximum in distilled water treatment. Significantly 

maximum root dry weight per seedling in interaction was noted where rice seeds were 

subjected to application of water extracts of sunflower (W1E2) and significantly higher than 

root dry weight per seedling of rice seed subjected to distilled water (E1W4). Whereas, the 

root dry weight per seedling of T. portulacastrum, D. aegyptium and E. indica could not 

reach the level of significance by application of water extracts of sorghum and sunflower 

alone and in combination and control treatment (Table 4.7). Application of water extracts of 

sorghum and sunflower resulted in significant reduction (%) in root dry weight per seedling 

of weeds but stimulated the root dry weight per seedling of rice over control (Figure 4.7). 
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Figure 4.9: Effect of water extracts of sorghum and sunflower alone and in combination 
on Germination energy (GE) of rice and three weed species 
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Figure 4.10: Effect of water extracts of sorghum and sunflower alone and in 
combination on Time taken to start germination by seed of rice and three weed species 
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Table 4.13: Effect of water extracts of sorghum and sunflower alone and in combination 
on root length (cm) of seed of rice and three weed species 

 

Table 4.14: Effect of water extracts of sorghum and sunflower alone and in combination 
on shoot length (cm) of seed of rice and three weed species 

 Sorghum 
water 
extract (E1) 

Sunflower 
water 
extract (E2) 

Sorghum+ 
sunflower water 
extracts (E3) 

Distilled 
water 
(E4) 

Mean 

Oryza sativa (W1) 4.73a 4.90a 4.83a 3.47b 4.48A 

T. portulacastrum (W2) 1.90c 2.00c 1.77c 3.23b 2.23B 

D. aegyptium (W3) 2.00c 2.07c 1.87c 3.23b 2.29B 

E. indica (W4) 1.53c 1.83c 1.43c 2.30bc 1.78B 

Mean 2.54ns 2.70 2.48 3.06  

LSD 5% Extract= ns                Weed=    0.585        Interaction = 1.170 

 

 Sorghum 
water extract 
(E1) 

Sunflower 
water 
extract (E2) 

Sorghum+ 
sunflower water 
extracts (E3) 

Distilled 
water (E4) 

Mean 

Oryza sativa (W1) 5.53a 5.60a 5.23ab 3.90b 5.07A 

T. portulacastrum (W2) 2.47c 2.57bc 2.10cd 3.70bc 2.71B 

D. aegyptium (W3) 1.73cd 1.90cd 1.50cd 3.53bc 2.17BC 

E. indica (W4) 1.33cd 1.73cd 0.97d 2.57bc 1.65C 

Mean 2.77AB 2.95AB 2.45B 3.43A  

LSD 5% Extract= 0.699                Weed= 0.700          Interaction = 1.399 
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Figure 4.11: Effect of water extracts of sorghum and sunflower alone and in 
combination on reduction in root length (%) of rice and three weed species over control 
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Figure 4.12: Effect of water extracts of sorghum and sunflower alone and in 
combination on Reduction in shoot length (%) of rice and three weed species over 
control  
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The crop water extract alone and in combination differed significantly for shoot dry 

weight per seedling with maximum where sunflower water extract was applied. Rice and 

weed seedlings also showed significant differences for shoot dry weight with maximum in 

distilled water treatment. Application of water extracts of sorghum, sunflower alone and in 

combination significantly increased the shoot dry weight per seedling of rice over control. 

Whereas, shoot dry weight per seedling of all the weeds were statistically at par with their 

respective control treatment (Table 4.15). Combined application of water extracts of sorghum 

and sunflower caused maximum reduction (%) in shoot dry weight per seedling of weeds 

over control compared to their sole application. Shoot dry weight per seedling of rice was 

increased by application of sorghum and sunflower water extracts when compared with 

control (Figure 4.14). The maximum CUE of rice and all weeds under test was found when 

their seeds were subjected to application of sorghum water extract (Figure 4.15). Maximum 

SVI of all weeds was found where these weeds were subjected to application of distilled 

water (Figure 4.16). 

Discussion 

Water extracts of crops showed significant differences for mean time taken for 

germination. Delay in germination of D. aegyptium caused by sunflower water extract shows 

that sunflower water extract might have highest allelopathic activity in D. aegyptium for 

mean germination time. While, mean germination time of E. indica was delayed the most by 

combined application of water extracts of both crops as compared to water extracts of 

sorghum, sunflower alone or distilled water application. It could be owed to more 

allelopathic effect of water extracts of crops when applied in combination as compared to 

their sole application.  

Application of distilled water reduced the time to 50% germination (T50) while 

maximum delay in T50 of D. aegyptium by sunflower water extract and in E. indica by 

combined application of sorghum and sunflower water extracts , respectively, might be due 

to their allelopathic effects on both weeds.  
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Table 4.15: Effect of water extracts of sorghum and sunflower alone and in combination 
on root dry weight (mg) per seedling of rice and three weed species 

 Sorghum 
water 
extract (E1) 

Sunflower 
water 
extract (E2) 

Sorghum+ 
sunflower water 
extracts (E3) 

Distilled 
water 
(E4) 

Mean 

Oryza sativa (W1) 13.25a 13.67a 12.78a 5.61b 11.33A 

T. portulacastrum (W2) 0.63b 0.21b 0.47b 5.46b 1.69B 

D. aegyptium (W3) 1.26b 1.24b 1.13b 5.68b 2.33B 

E. indica (W4) 0.18b 0.27b 0.34b 1.09b 0.47B 

Mean 3.83ns 3.85 3.68 4.46  

LSD 5% Extract= ns                Weed=2.757           Interaction = 5.514 

Table 4.16: Effect of water extracts of sorghum and sunflower alone and in combination 
on shoot dry weight (mg) per seedling of rice and three weed species 

 Sorghum 
water 
extract (E1) 

Sunflower 
water 
extract (E2) 

Sorghum+ 
sunflower water 
extracts (E3) 

Distilled 
water (E4) 

Mean 

Oryza sativa (W1) 8.15a 8.35a 7.48a 4.53b 7.13A 

T. portulacastrum (W2) 3.35bc 3.05bc 1.43c 4.43b 3.04B 

D. aegyptium (W3) 1.19c 1.29c 1.06c 3.74bc 1.82BC 

E. indica (W4) 0.86c 0.99c 0.67c 2.08bc 1.15C 

Mean 3.39ns 3.42 2.65 3.69  

LSD 5% Extract= 1.452                Weed= 1.452          Interaction = 2.903 
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Figure 4.13: Effect of water extracts of sorghum and sunflower alone and in 
combination on reduction in root dry weight per seedling (%) of rice and three weed 
species over control 
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Figure 4.14: Effect of water extracts of sorghum and sunflower alone and in 
combination on Reduction in shoot dry weight per seedling (%) of rice and three weed 
species over control 
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Figure 4.15: Effect of water extracts of sorghum and sunflower alone and in 
combination on Co efficient of uniformity of emergence (CUE) of rice and three weed 
species 
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Figure 4.16: Effect of water extracts of sorghum and sunflower alone and in 
combination on Seedling vigor index (SVI) of rice and three weed species 
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 An overall inhibitory effect of sunflower water extract was more than sorghum water 

extract on the T50 of rice and weeds except E. indica under study might indicate more 

inhibitory effects of allelochemicals in water extract of sunflower than in sorghum. Results 

are in accordance with the findings of Khaliq et al., (2009) who also reported more inhibitory 

effects of sunflower water extract than water extract of sorghum on the germination of 

Cichorium intybus. While the combined application of water extracts of both crop plants was 

statistically same except for the T50 of D. aegyptium. 

Combined application of water extracts of both crops decreased germination index 

(GI) of all weeds under test as compared to their sole application. It could be attributed to 

more inhibitory effects of allelochemicals of both extracts when combinely applied. The 

germination of rice and weeds was significantly affected by application of water extracts 

alone and in combination. Maximum reduction in germination of T. portulacastrum by 

application of sorghum water extract show that sorghum water extract has maximum 

inhibitory effects on germination of T. portulacastrum compared to sole application of 

sunflower water extract or combined application of both extracts. The effect of sorghum 

water extract was maximum for germination in T. portulacastrum compared to other weeds. 

Results are supported by the findings of Cheema and Ahmad (1992) who reported that 

germination of certain weed species was reduced by sorghum water extract. Randhawa et al., 

(2002) also reported significant reduction in germination of T. portulacastrum by application 

of highest concentration of sorghum water extract (100% v/v). Water extract of sunflower 

showed maximum reduction in T. portulacastrum over control among all the weeds and rice 

crop. Ashrafi et al. (2008) reported significant inhibition of wild barley seed germination by 

application of extracts from sunflower when compared with control.  

Increase in root length of rice seedlings over control by application of water extracts 

of sorghum, sunflower alone and in combination show stimulatory effects of these extracts 

on root length of rice. Maximum reduction in root length of T. portulacastrum was noted by 

the application of water extracts of sorghum and sunflower compared to distilled water 

treatment. Results are in accordance with the findings of Khaliq et al., (2009) who reported 

evident inhibitory effects of water extracts of sorghum and sunflower on root length of C. 

intybus as compared with control. Reduction in root length by application of sorghum water 
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extract might be due to inhibitory effects of allelopathic compounds present in the extracts of 

sorghum and sunflower. Randhawa et al. (2002) also reported significant decrease in root 

length of T. portulacastrum by the application of sorghum water extract (100% v/v). Root 

length of D. aegyptium was not significantly affected by application of water extracts of 

sorghum and sunflower alone and in combination however there was significant difference 

from distilled water application. Combined application of sorghum and sunflower water 

extracts significantly inhibited the root length of E. indica over control. 

Increase in shoot length of rice over control by application of sorghum, sunflower 

alone and in combination show that stimulatory allelochemicals in these extracts might be the 

reason. Significant reduction in shoot length of T. portulacastrum over control by application 

of water extracts could be attributed to inhibitory effects of allelochemicals in these extracts. 

Shoot length of T. portulacastrum was significantly reduced by application of sorghum water 

extract (Randhawa et al. 2002) and sunflower water extract (Ashrafi et al. 2008) over 

control.  

Significant increase in root dry weight per seedling of rice by application of water 

extracts of sorghum, sunflower alone and in combination compared with control indicate the 

presence of stimulatory allelochemicals. Increase in root dry weight per seedling of rice was 

due to increase in thickness and length of roots over control. Application of water extracts of 

sorghum and sunflower alone and in combination had statistically similar effects on root dry 

weight per seedling of all weeds under test when compared with distilled water control. 

Results are not in accordance with the outcomes of Ashrafi et al, 2008 who reported 

significant decrease in root dry weight of wild barley by application of sunflower water 

extract. This contradictory result might be attributed to difference in weed species under test.  

Increase in shoot dry weight per seedling of rice over control shows that at the 

concentration used, the overall effect was growth stimulation. Furthermore, the increase in 

shoot dry weight per seedling can also be attributed to increase in thickness and length of 

shoots of rice over control. Combined application of sorghum and sunflower water extract 

significantly reduced the shoot dry weight per seedling of T. portulacastrum over control. 

Root exudates of sunflower significantly reduced the growth of velvet leaf and jimsonweed 

when expressed on a dry weight basis (Leather 1983). While there was non-significant 
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difference of application of water extracts of sorghum and sunflower alone and in 

combination on shoot dry weight of D. aegyptium and E. indica when compared with control. 

Results are in accordance with the findings of Leather (1983) who stated that the growth of 

grass weeds except green foxtail was unaffected by leachates of sunflower. He further 

pointed out that sunflower leachates inhibited growth of most broadleaf weeds like velvetleaf 

growing in sand culture by 40 to 60%. Reduction in germination and emergence of small 

grain crops due to allelopathic effects of Asteraceae species has been reported by Bialy et al. 

1990 and Muehlchen et al. 1990. A number of allelochemicals have been isolated from 

sunflower residues for example allyl-isothiocyanate (ITC) suppressing the germination and 

growth of grass species (Vaughn and Boydston, 1997). Uremis et al. (2005) reported 

inhibitory effects of water extracts of different Brassica spp. on germination and growth of 

cutleaf ground cherry weed (Physalis angulata L.) 

It can be concluded from the studies that sorghum and sunflower water extracts 

possess innate allelopathic potential for their effects on T. portulacastrum, D. aegyptium and 

E. indica. Combined application of sorghum and sunflower water extracts affected the 

germination and seedling growth of weeds and rice more than their sole application. These 

water extracts had more suppressive effects on weeds than rice crop. The overall inhibition in 

germination and seedling growth of T. portulacastrum, D. aegyptium and E. indica was 

highest by combined application of sorghum and sunflower water extract. The inhibitory 

substances in crop water extracts of sorghum and sunflower could be used as a potent bio 

herbicide.  

4.2. Field Experiments 

Two field experiments were conducted during the course of study at student’s farm, 

Department of Agronomy, University of Agriculture, Faisalabad, Pakistan. The results of 

both the experiments are presented and discussed as under. 
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4.2.1. Experiment 3: Effect of weed-crop competition periods on weeds, growth and yield of 

direct-seeded fine rice sown at different times.  

4.2.1.1. Weed Density (m-2) 

4.2.1.1.1. Density of T. portulacastrum (m-2) 

Year effect, sowing time and competition period affected the density of T. 

portulacastrum. The highest density of T. portulacastrum (93.46 and 67.42) was observed 

when rice was sown in first week of July during 2008 and 2009, respectively. It was 

statistically similar to T. portulacastrum density when crop was sown in third week of June 

(S2) during 2008. Whereas, the minimum density of T. portulacastrum (74.08 and 52.89) was 

observed when crop was sown in first week of July during 2008 and 2009, respectively. The 

density of T. portulacastrum was similar when rice was sown in the third week of June (S2) 

and first week of July in both years. 

Competition period had a significant effect on the density of T. portulacastrum. There 

was significantly maximum density of T. portulacastrum (188.75 and 144.22) in plots where 

weed competed with crop until 45 DAS in 2008 and 2009, respectively. In 2008 there was 

non significant difference between treatments where weed competed with crop for 30 and 45 

DAS but were significantly different from rest of the treatments. Significantly minimum 

number of T. portulacastrum (55.33 and 28.86) was observed in weed-crop competition of 15 

DAS (W2) during 2008 and 2009, respectively. Whereas, weed-free plots (W1) and weedy 

check showed zero plants of T. portulacastrum during both years. The plants of T. 

portulacastrum had completed their life cycle and were not in the field at the time of crop 

harvest so no plant of T. portulacastrum was recorded for weedy check. 

Interaction effects of sowing time and competition period on T. portulacastrum was 

significant. Significantly maximum density of T. portulacastrum (196.55 and 151.24) was 

noted in plots where weed competed with crop for 45 DAS and sown in field in third week of 

June (W4S3) during 2008 and 2009, respectively. Similar results were noted when crop 

competed with T. portulacastrum for 30 DAS when sown in first week of July (W3S3) and at 

all sowing times when competed for 45 DAS during 2008 and 2009, respectively. The 

densityincreased with increase in competition periods up to 45 DAS and thereafter increase 
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in competition period resulted in decreased weed density at all sowing dates during both the 

years. There were non significant differences in density of T. portulacastrum for sowing time 

when rice competed with crop for 15 and 45 DAS both during 2008 and 2009. Whereas, 

when crop was sown in first week of June,2008 and competed for 30 and 60 DAS, differed 

significantly from rice plants sown in third week of June and first week of July while in 

growing season of 2009 when crop was sown in first week of July yielded significant 

dufferences from other two sowing times.   

When crop was sown in first week of June showed non significant differences in plots 

where weeds competed for 45 and 60 DAS during both years. Whereas when crop was sown 

in third week of June and first week of July, 2008 competition period of 30 and 45 DAS 

could not reach the level of significance with each other. With each increase in competition 

period upto 60 DAS when crop was sown in first week of July resulted in increase in density 

of T. portulacastrum. However further increase in competition period could not significantly 

increase the population of T. portulacastrum during 2008 and 2009. When crop was sown in 

third week of June and first week of July, increasing competition period increased the density 

of T. portulacastrum significantly upto competition period of 45 DAS. While the further 

increase in competition period could not cause significant increase during both years.    

4.2.1.1.2. Density of D. aegyptium (m-2) 

There was a significant year effect for D. aegyptium density. Sowing time did not 

significantly affect the density of D. aegyptium in rice (Table 4.18). Where there was 

significant effect of competition period on density of D. aegyptium during both years. The 

maximum density of D. aegyptium (180.99 and 154.62) was observed in weedy check plots 

(W6) during 2008 and 2009, respectively. Weed-crop competition of 60 DAS and throughout 

the season could not reach the level of significance during 2008. 

The density of D. aegyptium increased gradually with each increase in competition 

period. The minimum number of D. aegyptium plants (36.42 and 23.42) was observed in 

competition period for 15 DAS (W2) during 2008 and 2009, respectively. While no weed 

plant was observed in weed-free plots (W1) as D. aegyptium plants were continuously kept 

under control and not allowed to grow in weed-free plots during both years. 
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Interactive effect of sowing time and competition period also showed statistically 

significant results. Significantly maximum density of D. aegyptium (192.00 and 161.20) was 

observed in weedy check plots when crop was sown in first week of July (W6S3) during 2008 

and 2009, respectively. It was statistically alike to two other sowing times in weedy check 

and also where crop competed with crop for 60 DAS when sown in first week of July during 

both years. There were non significant differences in density of D. aegyptium for sowing 

time when rice competed with crop for 45 DAS during 2008 while when competed with crop 

for 15 DAS and in weedy check plots in 2009. Whereas, when rice was direct-seeded in first 

week of July differed significantly from rice plants sown in first and third week of June 

where weeds competed for 15 DAS during growing season of 2008. When crop was sown in 

first and third week of June showed non significant differences in competition period of 15 

and 30 DAS while crop sown in first week of July showed non significant differences among 

all competition periods in plots where weeds were allowed to compete with crop for 30 and 

45 DAS during 2008 and 2009. With each increase in competition period upto harvest 

resulted in increase in number of plants of D. aegyptium during growing seasons of 2008 and 

2009 when rice was directly seeded in first week of June. Other two sowing times also 

revealed similar trend. 



 67 

Table 4.17: Effect of sowing time and competition period on density of T. 
portulacastrum (m-2) in direct-seeded rice 

                    

LSD5%     2008     2009 
Sowing time                           17.004                                                 12.007           
Competition period    22.013             15.017        
Interaction     32.245     25.707 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

00.00e 00.00e 00.00e 00.00
D 

00.00e 00.00e 00.00e 00.00
E 

W2 = Competition for 
15 DAS 

48.33d 53.66d 64.00d 55.33
C 

24.22de 26.36d 36.00d 28.86
D 

W3 = Competition for 
30 DAS 

149.44b 167.22a 195.44a 170.70
A 

101.66b 119.00b 145.22a 121.96
B 

W4 = Competition for 
45 DAS 

184.66a 196.55a 185.04a 188.75
A 

145.34a 151.24a 136.09a
b 

144.22
A 

W5 = Competition for 
60 DAS 

178.33a 115.94c 0.00e 98.09
B 

133.29a
b 

71.07c 0.00e 68.12
C 

W6 = Competition 
throughout the season 
(Weedy check) 

00.00e 00.00e 00.00e 00.00
D 

00.00e 00.00e 00.00e 00.00
E 

Mean 
93.46A 

88.90A
B 74.08B  67.42A 

61.28A
B 52.89B  
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Table 4.18: Effect of sowing time and competition period on density of D. aegyptium (m-

2) in direct-seeded rice 

 

 
LSD 5%     2008     2009 
Sowing time                           ns                           ns          
Competition period    26.015            20.017         
Interaction                25.289                                                 24.457 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

00.00e 00.00e 00.00e 00.00
D 

00.00e 00.00e 00.00e 0.00E 

W2 = Competition for 
15 DAS 

21.24e 35.26de 52.77d 36.42
C 

15.00e 19.26e 36.00de 23.42
D 

W3 = Competition for 
30 DAS 

38.33de 49.77d 91.88c 59.99
C 

18.05e 32.00de 69.28cd 39.78
D 

W4 = Competition for 
45 DAS 

81.99c 92.33c 106.54c 93.62
B 

47.24d 65.46cd 79.16c 63.95
C 

W5 = Competition for 
60 DAS 

141.00b 159.88b 177.36a
b 

159.41
A 

86.22c 121.29b 142.39a
b 

116.63
B 

W6 = Competition 
throughout the season 
(Weedy check) 

174.44a
b 

176.54a
b 

192.00a 180.99
A 

148.29a 154.36a 161.20a 154.62
A 

Mean 76.17ns 85.63 103.43  52.47ns 65.40 81.34  
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4.2.1.1.3. Density of E. indica (m-2) 

E. indica plants were observed in field in 2008 in abundance while in second year this 

weed was in negligible number. It might be due to dormant phase in the soil or due to 

unavailability of suitable growing conditions or abrupt changes in climatic conditions during 

the growing season might have restricted the weed seeds to germinate and forced to remain 

dormant. Effect of sowing time, competition period and interaction was significant.  

Significantly maximum density of E. indica (137.28) was found in plots which were 

sown in first week of July (S3). It could not reach the level of significance to sowing of crop 

in third week of June (S2) but significantly different from sowing rice in first week of June 

(S1). Weed competition period of 30 DAS showed significantly maximum density of E. 

indica (294.51) and it was statistically different from rest of the competition periods. Weedy 

check plots (W6) showed least density of E. indica (17.89) while as in weed-free plots (W1) 

no competition was allowed therefore no weed was observed. 

While interactive effect of both factors was also significant. Significantly maximum 

density of E. indica (364.26) was found when weed competed with crop for 30 DAS, sown in 

field in first week of July (W3S3). It was statistically at par with same competition period 

when sown in third week of June (W3S2). Weed-crop competition of 15 DAS and weedy 

check plots where weeds competed with crop throughout the growing season until harvest 

showed minimum density of E. indica with non significant differences of sowing time. The 

differences among sowing times were non-significant at all competition treatments except 

competition for 30 DAS where sowing of rice in 1st week of June (W1S1) resulted in 

significantly lower density than other two sowing times. There were non significant 

differences in density of E. indica for sowing time when rice competed with crop for 15, 45 

and 60 DAS beside in weedy check plots. Whereas, when rice was sown in first week of June 

and allowed to compete with weeds for 30 DAS, differed significantly from rice plants sown 

in third week of June and first week of July, 2008. When rice was sown in first week of June 

showed non significant differences in plots having weed-crop competition untill 30 DAS and 

it was statistically similar with weedy check and weed-free. When rice was planted in third 

week of June and first week of July showed similar and non significant results in weed-free 

and 15 days of competition. It was at par with weedy check during 2008 With each increase 
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in competition period upto 45 DAS when rice was planted in first week of June and upto 30 

DAS when sown in third week of June and first week of July, 2008 resulted in increase in 

density of E. indica. However further increase in competition period could not significantly 

increase the density of E. indica in respective sowing times. 

4.2.1.1.4. Total weed density (m-2) 

As the year effect was significant therefore the data of both years is given separately. 

There was a statistically significant difference between total weed density in 2008 but in 

2009 there was non significant difference between total weed density for different sowing 

times. In 2008 the maximum total weed density (301.32) was observed when crop was sown 

in first week of July which however, was statistically similar with rice sown in third week of 

June (S2).  

Competition period significantly affected the total weed density in both years. The 

maximum total weed density (505.78) in 2008 was observed in plots where weed-crop 

competition of 30 DAS was allowed and it was significantly different from rest of the 

treatments. While in 2009 the maximum total weed density (220.55) was observed in plots 

where weeds competed with crop for 45 DAS. Weed-free plots (W1) showed zero weeds 

during both years as weeds were continuously removed from these plots. 

Interactive effects of sowing time and competition period showed significant 

difference. Significantly maximum total weed density (671.29) was observed in plots where 

weeds were allowed to compete with crop for 30 DAS and sown in first week of July (W3S3) 

during 2008. The weed density increased with increase in competition periods up to 60DAS 

when rice was sown in first week of June during 2008 and 2009. The increase in weed 

density with increased competition period was up to 30 DAS and 45 DAS during 2008 and 

2009, respectively and thereafter showed a decline. Total weed densities at three different 

sowing times when crop competed with weeds for 15 DAS for resources during both years 

could not reach the sigificant difference. Weed-free plots showed zero weed plants. When 

crop was sown in first week of June showed non significant differences in plots where 

competition continued until 45 and 60 DAS during both years. While when rice was sown in 
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third week of June showed non significant differences among competition periods of 30 and 

45 DAS in 2008 and 45 and 60 DAS in 2009.  

With each increase in competition period upto 45 DAS when rice was sown in first 

and third week of June showed an increase in total weed density. However further increase in 

competition period could not significantly increase the total weed density. Crop sown in first 

week of July showed significant increase in total weed density until 30 DAS during both 

years.   

With each increase in competition period total weed density was decreased until 

harvest of the crop during growing seasons of 2008 and 2009, respectively with coefficient 

value of 1.72% and 32.74%. Whereas, in 2009 increased competition increased the total 

weed density (Fig. 4.17 and 4.18). With increase in competition period a steady reduction in 

total weed density in 2008 might be due to flush of weed at early growth stage depending on 

type of weed e.g. Eleusine indica was more at start of growing season in 2008 which was not 

the case in growing season of 2009. Whereas, increase in competition between rice and 

weeds increased the total weed density in 2009 might be due to absence of E. indica in 

second growing season. There were non significant differences in total weed density for 

sowing time when rice competed with crop for 15 DAS and weedy check during both years. 

Whereas, when crop was sown in first week of July when competition of 30 and 60 DAS was 

imposed, differed significantly from rice plants sown in first and third week of June during 

growing seasons of both years. 

4.2.1.2. Weed Dry Weight (g m-2) 

4.2.1.2.1. Dry weight of T. portulacastrum (g m-2) 

As the year effect was significant therefore the data of both years is given separately. The dry 

weight of T. portulacastrum was maximum in plots which were sown in first week of June 

(S1) (Table 4.21) which however was statistically at par with sowing rice at third week of 

June (S2) both the years. 
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Table 4.19:  Effect of sowing time and competition period on density of E. indica (m-2) in 
direct-seeded rice  

 
LSD5% 
Sowing time               46.018          
Competition period   42.022              
Interaction    61.437 

Competition 
period 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No 
competition 
(Weed-free) 

0.00d 0.00d 0.00d 0.00D 00.00ns 00.00 00.00 
00.00ns 

W2 = Competition 
for 15 DAS 

15.00d 34.56d 41.54d 22.03
CD 

00.00 00.00 00.00 
00.00 

W3 = Competition 
for 30 DAS 

102.26c
d 

317.02a 364.26a 294.51
A 

00.00 00.00 00.00 
00.00 

W4 = Competition 
for 45 DAS 

164.84
bc 

220.24b 168.23b
c 

144.44
B 

00.00 00.00 00.00 
00.00 

W5 = Competition 
for 60 DAS 

114.25c 127.36c 94.52c 43.71
C 

00.00 00.00 00.00 
00.00 

W6 = Competition 
throughout the 
season (Weedy 
check) 

18.24d 15.30d 16.12d 
17.89
CD 

00.00 00.00 00.00 

00.00 

Mean 56.60B 120.75A 137.28A  00.00ns 00.00 00.00  
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Among competition periods the maximum dry weight of T. portulacastrum was found 

where weeds showed competition for 45 DAS which was statistically at par with competition 

period of 30 DAS during 2008. During 2009 weed-crop competition for 30 DAS revealed 

maximum dry weight of T. portulacastrum but was statistically similar to competition period 

of 45 DAS. Weedy check plots (W6) showed zero T. portulacastrum dry weight. It could be 

attributed to zero density of the weed and early completion of life cycle before maturity of 

crop. Weed-free plots (W1) also showed zero dry weight because of zero weed density as 

weeds were not allowed to grow in these plots at all.  

The interactive effect of sowing time and competition period showed maximum dry 

weight of T. portulacastrum (209.34 and 167.37 g m-2) when rice was sown in first week of 

July and allowed weed-crop competition for 30 DAS (W3S3) during 2008 and 2009, 

respectively. It was statistically alike to T. portulacastrum dry weight when sown in third 

week of June and at all sowing times at competition period of 45 DAS during both years. 

Weedy check and weed-free plots had zero dry weight of T. portulacastrum. The differences 

between weed-free and competition for 15 Das showed statistically similar population of T. 

portulacastrum at the sowing dates under study during 2008 and 2009. The density of T. 

portulacastrum did not increase significantly with increase in competition period from 30 to 

60 DAS when rice was planted in first week of June during growing seasons of 2008 and 

2009. There were non significant differences in dry weight of T. portulacastrum for sowing 

time when rice competed with crop for 15, 45 DAS along with weedy check during both 

years. Whereas, when crop was sown in first week of July and allowed to compete with crop 

for 60 DAS, differed significantly from rice plants sown in first and third week of June 

during growing seasons of both years. When crop was sown in first week of June showed 

non significant differences in competition periods of 30, 45 and 60 DAS when crop was 

sown in first week of June, during both years. Crop sown in third week of June and first week 

of July showed non significant differences among competition periods of 30 and 45 DAS 

during both years. With each increase in competition period upto 45 DAS at all sowing times 

resulted in increase in dry weight of T. portulacastrum. However further increase in 

competition period could not significantly increase the dry weight of T. portulacastrum at all 

sowing times. 
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Fig 4.17: Relationship between competition period and total weed density (m-2) in 
direct-seeded rice as affected by competition period in 2008 
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Fig 4.18: Relationship between competition period and total weed density (m-2) in 
direct-seeded rice as affected by competition period in 2009 
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Table 4.20: Effect of sowing time and competition period on total weed density (m-2) in 
direct-seeded rice 
 

 
LSD 5%     2008     2009 
Sowing time                           47.005                                                  ns          
Competition period    56.010             48.011        
Interaction                69.313                                                  42.415 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

0.00g 0.00g 0.00g 0.00D 
0.00e 0.00e 0.00e 0.00D 

W2 = Competition for 
15 DAS 

87.34f 128.64f 164.29ef 380.27
B 41.29d 52.62d 78.64d 57.52C 

W3 = Competition for 
30 DAS 

299.03d 547.01b 671.29a 505.78
A 128.71c 

167.28b
c 227.61a 

174.53A
B 

W4 = Competition for 
45 DAS 

439.51c 518.12b 467.81c 475.15
A 

199.68a
b 227.71a 234.25a 220.55A 

W5 = Competition for 
60 DAS 

442.58c 411.18c 285.88d 379.88
B 229.64a 

201.36a
b 146.66c 

192.55A
B 

W6 = Competition 
throughout the season 
-(Weedy check) 

197.68ef 199.05e 218.64e 205.12
C 

159.29b
c 

169.36b
c 172.55b 167.07B 

Mean 
244.36B 300.67A 301.32A  

126.44n
s 136.39 143.29 
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Table 4.21: Effect of sowing time and competition period on dry weight of T. 
portulacastrum (g m-2) in rice  
 

 
LSD5%     2008     2009 
Sowing time                           21.010                                                   13.006          
Competition period    24.011             20.012         
Interaction                26.011                                                   21.272 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week 

of July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

0.00d 0.00d 0.00d 0.00C 0.00d 0.00d 0.00d 0.00C 

W2 = Competition for 
15 DAS 

1.30d 1.67d 2.05d 1.67C 0.66d 0.84d 1.08d 0.86C 

W3 = Competition for 
30 DAS 

177.86b 185.36a
b 

209.34a 190.85
A 

132.42
b 

151.20a
b 

167.37a 150.33
A 

W4 = Competition for 
45 DAS 

192.10a
b 

201.25a
b 

188.00a
b 

193.78
A 

149.34a
b 

153.45a
b 

147.31a
b 

150.03
A 

W5 = Competition for 
60 DAS 

171.86b 106.09c 0.00d 92.65
B 

119.30
b 

62.24c 0.00d 60.51
B 

W6 = Competition 
throughout the season 
(Weedy check) 

0.00d 0.00d 0.00d 0.00C 0.00d 0.00d 0.00d 0.00C 

Mean 
90.52A 

82.40A
B 66.57B  66.95A 

61.29A
B 52.63B 
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     4.2.1.2.2. Dry weight of D. aegyptium (g m-2) 

There was a significant year effect for dry weight of D. aegyptium. Sowing time had 

significant effect on the dry weight of D. aegyptium (Table 4.22). Significantly maximum dry 

matter of D. aegyptium (75.82 and 53.65 g m-2) was found where rice was sown in first week 

of July (S3) in 2008 and 2009, respectively. These were statistically similar with plots where 

rice was sown in third week of June (S2) during 2008 and 2009. 

Significantly maximum dry matter of D. aegyptium (162.50 and 122.42 g m-2) was 

noted in plots where weeds competed with crop throughout the growing season during 2008 

and 2009, respectively. Whereas, no weed dry weight was noted in weed-free plots (W1) as 

weeds were continuously removed from plots until harvest. Collective effects of sowing time 

and competition period showed significantly maximum dry matter of D. aegyptium (189.45 

and 140.71 g m-2) in plots where weeds competed with crop for 60 DAS when rice was sown 

in first week of July (W5S3) during 2008 and 2009, respectively. It was similar to plots where 

crop competed with weed throughout the growing season and sown in first week of July 

(W6S3) during both years. 

The interaction between competition periods and sowing time was also significant 

during 2008 and 2009. The dry matter of D. aegyptium did not increase significantly with 

increase in competition period up to 30 DAS for all sowing dates during 2008, while during 

2009 the increase in competition period up to 45 DAS resulted in statistically similar dry 

weight of D. aegyptium when crop was sown in first and third week of June (S1 & S2). The 

maximum dry weight of D. aegyptium was recorded when weeds were allowed to compete 

for 60 DAS and rice was sown in first week of July (W5S3). The weed-free treatment at all 

sowing dates resulted in complete control of D. aegyptium. There were non significant 

differences in dry weight of D. aegyptium for sowing time when rice competed with crop for 

15, 30 DAS beside weedy check during both years. Whereas, when crop was sown in first 

week of June and competition of 60 DAS was offered, differed significantly from rice plants 

sown in third week of June and first week of July during growing seasons of both years. 

When crop was sown in first week of June showed non significant differences in competition 

periods of 15 and 30 DAS during 2008 and 2009. Similar trend was also observed in other 

two sowing times. With each increase in competition period upto harvest of the crop resulted 
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in increase in dry weight of D. aegyptium during 2008 and 2009. Similar trend was also 

found in plots where rice was sown in third week of June and first week of July during both 

years. 

4.2.1.2.3. Dry weight of E. indica (g m-2) 

The E. indica plants were only observed in 2008. Effect of sowing time was 

significant on dry matter of E. indica (Table 4.23). Significantly higher dry weight of E. 

indica (120.39 g m-2) was noted in plots where rice was sown in third week of June (S2) and 

it was statistically alike to crop sown in first week of July (S3). While dry weight of E. indica 

was significantly different and minimum (68.51 g m-2) in plots where crop was sown in first 

week of June (S1). 

Competition period showed significant differences for dry weight of E. indica. 

Significantly different and maximum dry weight of E. indica (272.33 g m-2) was observed in 

plots where weeds competed with crop for 30 DAS. It can be attributed to highest density of 

this weed in this treatment. There was non significant difference for dry weight of E. indica 

between weed-free treatment (W1) and competition of weed with crop for 15 DAS (W2). It 

was also at par with weedy check treatment (W6). 

Combined effect of sowing time and competition period also significantly affected 

the dry matter of E. indica. Significantly maximum dry matter of E. indica (367.89 g m-2) 

was found in plots where weeds competed with crop for 30 DAS and sown in first week of 

July (W3S3). Dry weight of E. indica where weed competed with crop for 30 DAS and sown 

in third week of June (W3S2) could not reach the level of significance with that of sowing at 

first week of July at weed-crop competition until 30 DAS. Furthermore, statistically 

minimum dry weight of E. indica was observed in weed-free plots which were statistically 

similar to competition period of 15 DAS and competition throughout the growing season 

when sown at different times. There were non significant differences in dry weight of E. 

indica for sowing time when rice competed with crop for 15, 60 DAS beside weedy check. 

Whereas, when crop was sown in first week of June and competition for 30 DAS was 

allowed differed significantly from rice plants sown in third week of June and first week of 

July. 
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Table 4.22: Effect of sowing time and competition period on dry weight of D. aegyptium 
(g m-2) in direct-seeded rice 
 

 
LSD 5%    2008                 2009 
Sowing time               16.004                                                             13.003          
Competition period   18.012             14.014         
Interaction    20.289                                                             17.204 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

0.00f 0.00f 0.00f 0.00C 0.00e 0.00e 0.00e 0.00C 

W2 = Competition for 
15 DAS 

1.02f 1.32f 3.04f 1.79C 0.76e 0.98e 1.78e 1.17C 

W3 = Competition for 
30 DAS 

9.54f 14.28f 26.33ef 16.72
C 

6.51e 10.42e 14.56e 10.50
C 

W4 = Competition for 
45 DAS 

35.64e 42.37de 59.67d 45.89
B 

24.35de 28.36de 35.26d 29.32
B 

W5 = Competition for 
60 DAS 

84.04c 163.08b 189.45a 145.52
A 

61.20c 124.31a
b 

140.71a 108.74
A 

W6 = Competition 
throughout the season 
(Weedy check) 

154.86b 156.24b 176.40a
b 

162.50
A 

118.62b 119.07b 129.57a
b 

122.42
A 

Mean 
47.52B 62.88AB 75.82A  35.24B 

47.19A
B 53.65A 
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  When rice seeds were sown in first week of June showed non significant differences 

in competition period of 30 and 60 DAS during 2008. Weed-free, weedy check and 

competition period of 15 DAS also could not reach the level of significance with each other 

and similar trend was also found in rest of the sowing times during 2008. With each increase 

in competition period upto 45 DAS when rice plants were sown in first week of June, 2008 

showed an increase in dry weight of E. indica. Whereas, plots where rice was planted in third 

week of June and first week of July increasing competition period significantly increased the 

dry weight of E. indica. However further increase in competition period could not 

significantly increase the dry weight of E. indica when crop was sown at above mentioned 

times. 

4.2.1.2.4. Total weed dry weight (g m-2) 

As the year effect was significant therefore the data of both years is given separately. 

Sowing time significantly affected the total weed dry weight (Table 4.24). Statistically and 

significantly maximum total weed dry weight (27.80 g m-2) was observed in plots where rice 

was sown in third week of June (S2) which was statistically at par with sowing of crop at first 

week of July (S3) while significantly minimum (214.74 g m-2) was found in plots where crop 

was sown in first week of June (S1) in 2008. Whereas, in 2009 there was non significant 

difference for total weed dry weight. There were non significant differences in total weed dry 

weight for sowing time when rice competed with crop for 15, 45 DAS along with weedy 

check during both years. Whereas, when crop was sown in first week of June and competed 

for 30 DAS differed significantly from rice plants sown in third week of June and first week 

of July during growing seasons of both years. 

Competition period also significantly affected total dry matter of weeds. In 2008, 

significantly maximum total dry weight of weeds (492.88 g m-2) was noted in plots where 

weeds competed with crop for 30 DAS. It was statistically similar to plots where weeds 

competed with crop for 45 DAS. In 2009, the total weed dry weight was maximum (192.45 g 

m-2) in plots where weed-crop competition of 45 DAS was offered. It was statistically alike 

to total weed dry weight in plots with competition period of 30 and 60 DAS. Whereas, 

significantly minimum and statistically least total dry weight of weeds was noted in weed-
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free plots (W1) and plots where weeds competed with rice crop for 15 DAS (W2) during both 

years. 

Significantly maximum total dry weight of weeds (617.64 g m-2) as a result of 

combined effect of sowing time and competition period was noted in plots having 

competition of 30 days after sowing with crop and where rice was sown in first week of July 

2008 (W3S1) and it was statistically different from rest of the treatments. While in 2009, 

significantly maximum total dry weight of weed (198.55 g m-2) was observed in plots sown 

in third week of June and competition period of 60 DAS (W5S2) was offered. It was 

statistically similar to sowing at first week of June at same competition period (60 DAS) 

(W5S1), all the sowing times at weed-crop competition of 45 DAS along with weed-crop 

competition of 30 DAS when sown in third week of June and first week of July. Total dry 

weight of weeds at 15 DAS and weed-free plots when sown at different times in 2008 and 

2009 showed non significant differences among themselves.  

Whereas, with each increase in competition period weed dry weight was increased 

during both years with coefficient value of 4.46% and 23.85%, respectively (Fig. 4.19 and 

4.20). As the harvest time was delayed (i.e. in early sowing) the total weed dry weight was 

decreased during both years. Increase in total weed dry weight by increasing competition 

period could be attributed to weed density. When crop was sown in first week of June 

showed non significant differences in competition period of 30, 45 and 60 DAS during both 

years. Weed-free treatment and competition period of 15 DAS could not differ significantly 

for total weed dry weight when crop was sown in first week of June during both years. 

Similar trend was also noted in other two sowing times for total weed dry weight during both 

years. With each increase in competition period upto 45 DAS in plots planted in first week of 

June resulted in increase in total weed dry weight during both years. Whereas when crop was 

sown in third week of June and first week of July significant increase in total weed dry 

weight was found until competition period of 30 DAS during both years. However further 

increase in competition period could not significantly increase the total weed dry weight at 

all sowing times. 
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Table 4.23: Effect of sowing time and competition period on dry weight of E. indica (g 

m-2) in direct-seeded rice  

 
LSD5% 
Sowing time               18.012           ns   
Competition period   21.013     ns         
Interaction    38.000     ns 

Competition 
period 

 
  

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No 
competition 
(Weed-free) 

0.00e 0.00e 0.00e 0.00D 
0.00ns 

0.00 0.00 
0.00ns 

W2 = 
Competition for 
15 DAS 

0.64e 1.20e 1.31e 
1.05D 0.00 

0.00 0.00 
0.00 

W3 = 
Competition for 
30 DAS 

111.25d 337.85a 367.89a 272.33
A 0.00 

0.00 0.00 
0.00 

W4 = 
Competition for 
45 DAS 

186.83c 251.39b 192.67c 210.30
B 0.00 

0.00 0.00 
0.00 

W5 = 
Competition for 
60 DAS 

101.45d 124.08d 91.26d 105.60
C 0.00 

0.00 0.00 
0.00 

W6 = 
Competition 
throughout the 
season (Weedy 
check) 

10.86e 7.84e 8.49e 

9.06D 0.00 

0.00 0.00 

0.00 

Mean 68.51B 120.39A 110.27A  0.00ns 0.00 0.00  
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Fig 4.19: Relationship between competition period and total weed dry weight (g m-2) in 
direct-seeded rice as affected by competition period in 2008 
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Fig 4.20: Relationship between competition period and total weed dry weight (g m-2) in 
direct-seeded rice as affected by competition period in 2009 
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Table 4.24: Effect of sowing time and competition period on total weed dry weight (g m-

2) in direct-seeded rice 
 

 
LSD 5%     2008     2009 
Sowing time                           42.976                                                 ns          
Competition period    47.201            28.103         
Interaction                60.588                                                 43.916 
Means sharing the same letters in a column do not differ significantly at 0.05 probability 
level. 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 0.00g 

0.00g 0.00g 
0.00D 0.00c 0.00c 0.00c 0.00C 

W2 = Competition for 
15 DAS 

3.15g 4.51g 6.78g 4.81D 1.56c 1.96c 2.94c 2.15C 

W3 = Competition for 
30 DAS 

312.65d
e 

548.34b 617.64a 492.88
A 147.64b 

175.62a
b 195.93a 

173.06
A 

W4 = Competition for 
45 DAS 

429.61c
d 

507.64b
c 

452.34c 463.20
A 

186.69a
b 

192.81a
b 197.84a 

192.45
A 

W5 = Competition for 
60 DAS 369.33d 

403.24c
d 

293.71e 355.43
B 

193.51a
b 198.55a 

149.81b 180.62
A 

W6 = Competition 
throughout the season 
(Weedy check) 

173.72f 
173.08f 196.89f 181.23

C 131.62b 126.07b 
134.59b 130.76

B 

Mean 
214.74B 272.80A 261.23A  

110.17n
s 115.84 113.52 
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4.2.1.3. Nutrient uptake by weeds (kg ha-1) 

4.2.1.3.1. Nitrogen uptake by T. portulacastrum (kg ha-1) 

As the year effect was significant therefore the data of both years is given separately. 

Sowing time significantly affected the nitrogen uptake by T. portulacastrum during 2008 and 

2009 (Table 4.25). Significantly different and maximum nitrogen uptake (11.21 and 7.17 kg 

ha-1) was recorded in plots where rice was sown in first week of June (S1) whereas, 

significantly minimum nitrogen uptake by T. portulacastrum (7.84 and 5.54 kg ha-1) was 

observed in plots where rice was sown in first week of July (S3) during 2008 and 2009, 

respectively. Competition period also significantly affected the nitrogen uptake by T. 

portulacastrum during both years. Significantly maximum nitrogen uptake by T. 

portulacastrum (21.08 and 12.95 kg ha-1) was found in plots where weed-crop competition of 

45 Days was allowed during 2008 and 2009, respectively. Whereas, weed-free (W1) and 

weedy check plots (W6) showed zero nitrogen uptake by T. portulacastrum. It can be related 

to density of the subject weed in respective treatments.  

Interactive effect of sowing time and competition period was also significant. 

Significantly maximum uptake of nitrogen by T. portulacastrum (23.42 and 15.28 kg ha-1) 

was observed in plots where weeds were allowed to compete with crop until 60 DAS during 

2008 and 2009, respectively. There was non significant difference for sowing time when 

competition period of 15 DAS was allowed in 2008 while in 2009 when crop was sown in 

first and third week of June showed non significant differences for uptake of nitrogen by T. 

portulacastrum. When competition period of 15 DAS was employed both were significantly 

different from sowing at first week of July at weed-crop competition of 15 DAS (W2S3). 

There were non significant differences in nitrogen uptake by T. portulacastrum for sowing 

time when rice competed with crop for 45 DAS during both years. Whereas, when rice was 

sown in first week of June and competed until 60 DAS, differed significantly from rice plants 

sown in third week of June and first week of July during growing seasons of both years. 

When rice was sown in first week of June showed significant differences in all competition 

period treatments except weed-free and weedy check during both years. While rice was sown 

in third week of June 2008 showed statistically similar nitrogen uptake by T. portulacastrum 

when competition period of 30 and 60 DAS was imposed on crop. Crop sown in first week of 
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July resulted in non significant differences in weed-free, weedy check and competition 

period of 60 DAS during both years. With each increase in competition period upto 60 DAS 

when crop was sown in first week of June yielded an increase in nitrogen uptake by T. 

portulacastrum. Whereas when crop was sown in third week of June and first week of July, 

the significant increase in nitrogen uptake by T. portulacastrum was recorded upto 

competition period of 45 DAS during both years. However further increase in competition 

period could not significantly increase the nitrogen uptake by T. portulacastrum at all sowing 

times.  

4.2.1.3.2. Phosphorus uptake by T. portulacastrum (Kg ha-1) 

As the year effect was significant therefore the data of both years is given separately. 

Sowing time significantly affected the phosphorus uptake by T. portulacastrum during 2008 

and 2009 (Table 4.26). The maximum phosphorus uptake by the T. portulacastrum (2.00 and 

1.25 kg ha-1) was noted in plots sown in first week of June (S1) in 2008 and 2009, 

respectively. These were statistically at par with sowing at third week of June (S2) during 

both years. While significantly minimum uptake of phosphorus by T. portulacastrum (1.52 

and 0.86 kg ha-1) was recorded with sowing of crop in first week of July (S3) in 2008 and 

2009, respectively. 

Competition period also significantly affected the uptake of phosphorus nutrient from 

soil by T. portulacastrum. Plots where competition period of 45 DAS was imposed resulted 

in significantly maximum phosphorus uptake by the T. portulacastrum (3.57 and 2.13 kg ha-

1) in 2008 and 2009, respectively. In 2008, rest of the treatments were significantly different 

from weed-crop competition of 45 DAS while in 2009 weed-crop competition for 30 and 60 

DAS was also statistically alike to weed-crop competition for 45 DAS but varied 

significantly from rest of the competition periods for phosphorus uptake by the weed. Weed-

free (W1) and weedy check plots (W6) showed zero phosphorus uptake as there was no plant 

of T. portulacastrum in these plots. The interaction between sowing time and competition 

period for phosphorus uptake by T. portulacastrum revealed significant diffrerences. The 

maximum phosphorus uptake by T. portulacastrum (4.44 and 3.26 kg ha-1) was recorded in 

weed-crop competition of 60 DAS when rice plants were sown in first week of June (W5S1) 

in 2008 and 2009, respectively. It was statistically at par with weed-crop competition of 45 
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DAS when sown in third week of June (W4S3) during 2008 whereas, significantly different 

from rest of the treatments in 2009. 

 
The differences between weed-free and weed-crop competition for 15 DAS regarding 

phosphorus uptake were non-significant at all the sowing dates during 2009. There were non 

significant differences in phosphorus uptake by T. portulacastrum for sowing time when rice 

competed with crop for 15, 30, 45 DAS during both years. Whereas, when rice was planted 

in first week of July and competed with crop until 60 DAS differed significantly from rice 

plants sown in first and third week of June during growing seasons of both years.  

 When rice seeds were planted in first week of June showed non significant differences 

in plots where competition was imposed at 15 and 30 DAS during 2008. Similar trend was 

also noted in other two sowing times during both years. With each increase in competition 

period upto 60 DAS when rice was sown in first and third week of June during both years. 

While when crop was sown in first week of July increasing competition period upto 45 DAS 

increased the phosphorus uptake by T. portulacastrum during both the growing seasons. 

4.2.1.3.3. Potash uptake by T. portulacastrum (Kg ha-1) 

As the year effect was significant therefore the data of both years is given separately. Sowing 

of crop in first and third week of June (S2) could not reach at level of significance but both 

were significantly different from crop sown in first week of July (S3) for uptake of potash by 

T. portulacastrum during 2008 and 2009 (Table 4.27). Significantly maximum potash uptake 

by the weed (5.45 and 3.41 kg ha-1) was noted where rice seeds were planted in first week of 

June (S1) during 2008 and 2009, respectively. Competition period also significantly affected 

the potash uptake by T. portulacastrum. Significantly maximum potash uptake by weed 

(10.07 and 5.87 kg ha-1) was noted in plots where weeds competed with crop for 45 DAS 

during 2008 and 2009, respectively. In 2008, this treatment was significantly different from 

rest of the treatments whereas, in 2009 weed-crop competition of 30 DAS was statistically at 

par with weed-crop competition of 45 DAS but significantly different from rest of the 

treatments. 
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Table 4.25: Effect of sowing time and competition period on nitrogen uptake by T. 
portulacastrum (kg ha-1) in direct-seeded rice 
 

 
LSD 5%     2008           2009 
Sowing time                           1.017                                              0.622          
Competition period    1.216                  0.716        
Interaction     2.144           1.259 
Means sharing the same letters in a column do not differ significantly at 0.05 probability 
level. 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

---- ----- ---- ---- ---- ---- ---- ---- 

W2 = Competition for 
15 DAS 

8.20d 8.95d 9.64d 8.93D 5.67f 6.42f 7.89e 6.66D 

W3 = Competition for 
30 DAS 

14.90c 15.26c 16.48c 15.55
B 

9.49d 11.08c 12.34bc 10.97
B 

W4 = Competition for 
45 DAS 

20.71b 21.59ab 20.94b 21.08
A 

12.59b 13.26b 12.99b 12.95
A 

W5 = Competition for 
60 DAS 

23.42a 14.56c ---- 12.66
C 

15.28a 9.28d ---- 
8.19C 

W6 = Competition 
throughout the season 
(Weedy check) 

---- ---- ---- ---- ---- ---- ---- ---- 

Mean 11.21A 10.06B 7.84C  7.17A 6.67A 5.54B  
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Interactive effect of sowing time and competition period yielded significant results 

with maximum uptake of potash by T. portulacastrum was in competition period of 60 DAS 

sown in first week of June (W5S1) with potash uptake of 10.73 and 6.58 kg ha-1 during 2008 

and 2009, respectively.  

Weed-crop competition of 45 DAS in 2008 also resulted in statistically similar results at all 

sowing times while in 2009 weed-crop competition of 45 DAS could not reach the level of 

significance at third week of June (W4S2) with the weed-crop competition of 60 DAS in first 

week of June sowing (W5S1). There were non significant differences in potash uptake by T. 

portulacastrum for sowing time when rice competed with crop for 45 DAS during both 

years. Whereas, when rice seeds were planted in first week of June and competition of 60 

days was imposed, differed significantly from rice plants sown in third week of June and first 

week of July during growing seasons of both years. 

When seeds of rice wer sown in first week of June showed non significant differences 

in competition period of 45 and 60 DAS in 2008. Crop sown in third week of June showed 

non significant differences for potash uptake by the weed at competition period of 30 and 60 

DAS during 2008. Rice sown in first week of July showed significant differences in 2008. 

Weed-free and weedy check plots showed non significant differences in all sowing times 

during 2008 and 2009. With each increase in competition period upto 60 DAS when rice was 

sown in first and third week of June during both years. While when crop was sown in first 

week of July increasing competition period upto 45 DAS increased the phosphorus uptake by 

T. portulacastrum during 2008 and 2009. 

4.2.1.3.4. Nitrogen uptake by D. aegyptium (kg ha-1) 

As the year effect was significant therefore the data of both years is given separately. 

Significantly maximum uptake of nitrogen by D. aegyptium (26.29 and 16.91 kg ha-1) was 

noted in plots where crop was sown in first week of July (S3) during 2008 and 2009, 

respectively. It was at par with sowing of crop at third week of June (S2) but significantly 

different and higher from sowing of crop at first week of June (S1). 
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Table 4.26: Effect of sowing time and competition period on phosphorus uptake by T. 
portulacastrum (kg ha-1) in direct-seeded rice  
 

 
LSD5%     2008     2009 
Sowing time                           0.825                                                   0.564          
Competition period    0.722            0.533         
Interaction                1.059  0.784 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

---- ---- ---- --- --- ---- ---- ---- 

W2 = Competition for 
15 DAS 

1.65c 2.08c 2.51bc 2.08B 0.72d 0.91cd 1.23cd 0.95B 

W3 = Competition for 
30 DAS 

2.57bc 2.98bc 3.12bc 2.89AB 1.53c 1.74bc 1.85bc 1.71A 

W4 = Competition for 
45 DAS 

3.35b 3.86ab 3.49b 3.57A 1.98bc 2.34b 2.07bc 2.13A 

W5 = Competition for 
60 DAS 

4.44a 3.29b ----- 2.58B 3.26a 2.47b ----- 1.91A 

W6 = Competition 
throughout the season 
(Weedy check) 

---- ----- ----- ---- ----- ---- ----- ----- 

Mean 2.00ns 2.03 1.52  1.25ns 1.24 0.86  
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            Competition period also had significant effects on nitrogen uptake by the weed, with 

significantly maximum (42.55 and 28.88 kg ha-1) in plots where weeds were allowed to 

compete with crop throughout the growing season during 2008 and 2009, respectively. This 

treatment was significantly different from rest of the competition periods. There was a 

significant and steady increase in uptake of nitrogen by D. aegyptium as the competition 

period increased progressively. There were non significant differences in nitrogen uptake by 

D. aegyptium for sowing time when rice competed with crop for 15, 30, 45 and 60 DAS 

during both years. Whereas, when crop was sown in first week of June under weedy check 

condition differed significantly from rice plants sown in third week of June and first week of 

July during 2009.  

In weed-free treatments (W1) there were no weeds so nitrogen uptake by the weed 

was also zero.Combined effect of both factors also revealed significant differences for the 

uptake of nitrogen by D. aegyptium. Significantly maximum nitrogen uptake (45.94 and 

31.24 kg ha-1) was recorded in plots where competition persisted between crop and weed 

throughout the season during 2008 and 2009, respectively and sown in first week of July 

(W6S3). It was statistically at par with sowing crop at first and third week of June under 

weedy check treatment (W6S1 and W6S2). While weed-crop competition for 60 DAS when 

sown in first week of July (W5S3) also showed non significant difference during 2008 while 

in 2009 there was non significant difference between sowing of crop in third week of June 

and first week of July under weedy check plots. Furthermore, weed-crop competition of 15 

DAS resulted in non significant differences among each other at all sowing times during both 

years. Whereas, weed-free plots (W1) had zero weed so uptake of nitrogen by the weed was 

also zero. There were non significant differences in phosphorus uptake for sowing time when 

rice competed with crop for 15, 30, 45 and 60 DAS during both years. Whereas, when weed 

competed with crop throughout the season and sown in first week of June differed from rice 

plants at other two sowing times during 2009. When crop was planted in first and third week 

of June showed non significant differences in competition period of 15 and 30 DAS during 

both years. Whereas, rice sown in first week of July showed statistically similar results when 

competition period of 45 and 60 DAS was imposed during both years. With each increase in 

competition period upto harvest of the crop sown in first week of June resulted in increase in 



 92 

nitrogen uptake by D. aegyptium during both the years. Similar trend was also observed in 

other sowing times during both years.  

4.2.1.3.5. Phosphorus uptake by D. aegyptium (kg ha-1) 

As the year effect was significant therefore the data of both years is given separately. 

Sowing time had significant effect on the phosphorus uptake by D. aegyptium. Significantly 

maximum (3.98 and 2.80 kg ha-1) was observed in plots where sowing was done in first week 

of July (S3) during 2008 and 2009, respectively. These were statistically similar to 

phosphorus uptake by weed in crop sown in third week of June (S2). Competition period also 

affected the p uptake significantly with maximum uptake of phosphorus in weedy check plots 

(W6) (6.13 and 4.21 kg ha-1) during 2008 and 2009, respectively. Weed-crop competition of 

30 and 45 DAS could not reach the level of significance during both years for phosphorus 

uptake by D. aegyptium. Weed-free plots (W1) had zero uptake of phosphorus as weeds were 

not allowed to compete with crop in this treatment. 

Interaction of both factors was also significant. The maximum phosphorus uptake 

(6.81 and 4.76 kg ha-1) was recorded in weedy check. The differences among sowing times 

regarding phosphorus uptake by D. aegyptium at all periods of competition were non-

significant during 2008 and all competition periods except weedy check during 2009. No 

phosphorus uptake by D. aegyptium was observed in weed-free plots where no plant of D. 

aegyptium was growing. There were non significant differences in potash uptake by D. 

aegyptium for sowing time when rice competed with crop for 15, 30, 45 and 60 DAS. 

Whereas, when weed competed with crop throughout the season and sown in first week of 

June differed from rice plants at other two sowing times during 2009. When crop was sown 

in first week of June showed non significant differences in competition period of 15 and 30 

DAS during both the years. Similar trend was also noted in other two sowing times. With 

each increase in competition period upto harvest of the crop sown in first week of June 

resulted in increase in phosphorus uptake by D. aegyptium during both the years. Similar 

trend was also observed in other sowing times during both years. 
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Table 4.27: Effect of sowing time and competition period on potash uptake by T. 
portulacastrum (kg ha-1) in direct-seeded rice 
 

 
LSD 5%    2008                 2009 
Sowing time               0.620          0.464          
Competition period   0.717             0.519        
Interaction    0.962                                                             0.526 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

---- ---- ---- ---- ---- ---- ---- ---- 

W2 = Competition for 
15 DAS 

4.77e 5.46de 6.16d 5.46C 3.25f 3.99e 4.61d 3.95B 

W3 = Competition for 
30 DAS 

7.30c 7.95bc 8.34b 7.86B 4.98cd 5.36c 6.02b 5.45A 

W4 = Competition for 
45 DAS 

9.87a 10.26a 10.07a 10.07
A 

5.67bc 6.12ab 5.84bc 
5.87A 

W5 = Competition for 
60 DAS 

10.73a 7.09cd ---- 5.94C 6.58a 4.59d ----- 3.72B 

W6 = Competition 
throughout the season 
(Weedy check) 

----- ----- ---- ----- ----- ----- ----- ----- 

Mean 5.45A 5.13A 4.09B  3.41A 3.34A 2.75B  
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Table 4.28: Effect of sowing time and competition period on nitrogen uptake by D. 
aegyptium (kg ha-1) in direct-seeded rice  

 
LSD5%    2008                 2009 
Sowing time               3.315                                                               2.406         
Competition period   4.217             3.023        
Interaction    6.289      4.286 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

---- ---- ---- ---- ---- ---- ---- ---- 

W2 = Competition for 
15 DAS 

12.75e 13.26e 14.48e 13.50
E 

8.19e 8.96e 9.58e 
8.91E 

W3 = Competition for 
30 DAS 

17.89de 20.49de 21.54d 19.97
D 

10.86de 11.78de 13.99d 
12.21D 

W4 = Competition for 
45 DAS 

28.96c 32.59bc 35.21bc 32.25
C 

18.95c 19.64c 20.85c 
19.81C 

W5 = Competition for 
60 DAS 

35.62b 37.61b 40.59ab 37.94
B 

21.59c 23.06bc 25.77bc 
23.47B 

W6 = Competition 
throughout the season 
(Weedy check) 

40.12ab 41.58ab 45.94a 42.55
A 

26.76b 28.64ab 31.24a 
28.88A 

Mean 
22.56B 24.26AB 26.29A  14.39B 

15.35A
B 16.91A 
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Table 4.29: Effect of sowing time and competition period on phosphorus uptake by D. 
aegyptium (kg ha-1) in direct-seeded rice 
 

 
LSD 5%    2008           2009 
Sowing time               0.511                                                         0.382          
Competition period   0.819                  0.612        
Interaction    1.289           0.886 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

---- ----- ---- ---- ---- ---- ---- ---- 

W2 = Competition for 
15 DAS 

2.06d 2.48cd 2.96cd 2.50D 1.29d 1.85d 2.09cd 1.74C 

W3 = Competition for 
30 DAS 

3.21cd 3.52c 3.84bc 3.52C 2.18cd 2.59cd 2.79c 2.52B 

W4 = Competition for 
45 DAS 

3.99bc 4.23bc 4.69bc 4.30C 2.76c 2.99bc 3.21bc 2.99B 

W5 = Competition for 
60 DAS 

4.87b 5.04b 5.56ab 5.16B 3.24bc 3.68bc 3.95ab 3.62A 

W6 = Competition 
throughout the season 
(Weedy check) 

5.61ab 5.98ab 6.81a 6.13A 3.76b 4.12ab 4.76a 
4.21A 

Mean 3.29B 3.54AB 3.98A  2.21B 2.54AB 2.80A  
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4.2.1.3.6. Potash uptake by D. aegyptium (kg ha-1) 

As the year effect was significant therefore the data of both years is given separately. 

Sowing time had significant effect on uptake of potash by D. aegyptium (Table 4.30). 

Significantly maximum potash uptake (16.08 and 11.82 kg ha-1) was recorded in plots sown 

in first week of July (S3) and it was statistically similar with the uptake of potash in rice 

planted in third week of June (S2) during 2008 and 2009 , respectively. Sowing in first week 

of July was significantly different from crop sown in first week of June (S1) while the non 

significant differences were observed between sowing time of first and third week of June 

during both years. Competition period also significantly affected the potash uptake with 

maximum being 26.14 and 19.57 kg ha-1 during 2008 and 2009, respectively. Each increase 

in period of competition resulted in a gradual and significant increase in potash uptake upto 

60 DAS during both years. 

Interactive effect showed maximum potash uptake in weedy plots where crop was 

sown in first week of July (W6S3) (28.92 and 21.21 kg ha-1) during 2008 and 2009, 

respectively. It was statistically at par with other two sowing times in weedy check condition 

and also with crop sown in first week of July when weed-crop competition of 60 DAS was 

allowed during both years. The differences among the sowing times were non-significant at 

all competition periods during 2008 and 2009. While the weed-free plots have no weeds so 

potash uptake by the weed was also zero. There were non significant differences in potash 

uptake by D. aegyptium for sowing time when rice competed with crop for 15, 30, 45 and 60 

DAS along with weedy check. When crop was sown in first week of June showed non 

significant differences in competition period of 15 and 30 DAS during both the years. 

Whereas when crop was sown in third week of June and first week of July and competed 

with crop for 30 and 45 DAS revealed non significant differences during growing seasons of 

2008 and 2009. With each increase in competition period upto harvest of the crop sown in 

first week of June resulted in increase in potash uptake by D. aegyptium during both the 

years. Similar trend was also observed in other sowing times during both years. 
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4.2.1.3.7. Nitrogen uptake by E. indica (kg ha-1) 

Sowing time had significant effect on nitrogen uptake by E. indica. Significantly 

different and maximum uptake of nitrogen by E. indica (21.31 kg ha-1) was noted in plots 

where crop was sown in first week of July (S3) and it was at par with rice sown in third week 

of June (S2) for uptake of nitrogen. Crop sown in first week of June (S1) also could not reach 

the level of significance. Competition period had significant effects on nitrogen uptake. 

Significantly maximum nitrogen uptake (38.92 kg ha-1) was noted in weedy check (W6) 

condition and it was significantly different from rest of the treatments. Significant increase in 

nitrogen uptake was noted at each competition period.  

Interaction was also significant with maximum nitrogen uptake (41.44 kg ha-1) in 

plots where weeds were not removed at all throughout the growing season until harvest of the 

crop when sown in first week of July (W6S3) in 2008. This weedy check condition in all 

sowing times could not yield significant differences. Competition period of 15 DAS was 

statistically at par with each increase in all sowing times. Similar trend was noted in all 

competition periods which though were significantly different from each other but 

statistically similar within each competition period for different sowing times under test. 

There were non significant differences in nitrogen uptake by E. indica for sowing time when 

rice competed with crop in all competition treatments during both years. When rice seeds 

were sown in first week of June showed non significant differences in competition period of 

30 and 45 DAS while competition period of 60 DAS was also statistically at par with weedy 

check. Same trend was aalso noted in plots where seed was planted in third week of June, 

2008. Crop sown in first week of July showed non significant differences between 

competition period of 15 and 30 DAS. With each increase in competition period upto harvest 

of the crop sown in first week of June resulted in increase in nitrogen uptake by E. indica 

during 2008. Similar trend was also observed in other sowing times during 2008. 
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Table 4.30: Effect of sowing time and competition period on potash uptake by D. 
aegyptium (kg ha-1) in direct-seeded rice  
 

 
LSD5%              2008     2009 
Sowing time              2.107                                                    1.218          
Competition period             5.021            3.830        
Interaction              6.354     4.286 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

----- ----- ---- ---- ---- ----- ---- ---- 

W2 = Competition for 
15 DAS 

6.98d 7.43d 8.57d 7.66D 4.28d 4.79d 6.08d 5.05D 

W3 = Competition for 
30 DAS 

13.06cd 13.57cd 15.07c 13.90
C 

9.67cd 10.56c 11.57c 10.60
C 

W4 = Competition for 
45 DAS 

18.22bc 18.76bc 20.27bc 19.08
B 

13.42bc 14.08bc 14.99bc 14.16
B 

W5 = Competition for 
60 DAS 

20.98bc 21.84b 23.62ab 22.15
AB 

15.61bc 16.24b 17.08ab 16.31
AB 

W6 = Competition 
throughout the season 
(Weedy check) 

24.44ab 25.07ab 28.92a 26.14
A 

18.44ab 19.06ab 21.21a 19.57
A 

Mean 
13.95B 

14.45A
B 16.08A  10.24B 10.79AB 11.82A 
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4.2.1.3.8. Phosphorus uptake by E. indica (Kg ha-1) 

Significantly higher phosphorus uptake by E. indica (4.22 kg ha-1) was recorded in 

plots where crop was sown in first week of July (S3) 2008. Crop sown in third week of June 

(S2) and first week of July whereas, crop sown in first and third week of June could not reach 

the level of significance with each other. Significantly maximum phosphorus uptake (6.89 kg 

ha-1) as affected by weed-crop competition period was noted in plots where weeds were 

allowed to compete with crop until harvest of the crop. It was significantly different from all 

other competition periods.  

Combined effect of both factors resulted in significantly maximum phosphorus 

uptake (7.12 kg ha-1) in plots where rice was direct-seeded in first week of July and weed 

competed with crop throughout the growing season (W6S3). It was statistically at par with 

other 2 sowing times of the same competition period whereas, same was also true for weed-

crop competition of 60 DAS at all sowing times except when crop was planted in first week 

of June. Weed-crop competition of 15, 45 and 60 DAS could not differ significantly from 

each other at all sowing times though when compared with different competition periods and 

significant differences were observed. There were non significant differences in phosphorus 

uptake by E. indica for sowing time when rice competed with crop in all treatments except 

competition period of 30 DAS where rice was sown in first week of June, 2008. When crop 

was sown in first week of June showed non significant differences in competition period of 

60 DAS and weedy check during 2008. Similar trend was also found in other sowing times 

during 2008. With each increase in competition period upto harvest of the crop sown in first 

week of June resulted in increase in phosphorus uptake by E. indica during 2008. Similar 

trend was also observed in other sowing times during 2008. 
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Table 4.31: Effect of sowing time and competition period on nitrogen uptake by E. 
indica (kg ha-1) in direct-seeded rice 
 

 
 
LSD 5% 
Sowing time               2.721        ns       
Competition period   4.018        ns        
Interaction    7.208      ns 

Competition 
period 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No 
competition 
(Weed-free) 

---- ---- ---- ---- 
----ns 

----- 
----- 

----ns 

W2 = Competition 
for 15 DAS 

6.80e 7.61e 9.30de 7.90E 0.00 0.00 0.00 0.00 

W3 = Competition 
for 30 DAS 

15.88d 16.50d 19.46cd 17.28
D 0.00 0.00 0.00 0.00 

W4 = Competition 
for 45 DAS 

22.07cd 22.47cd 25.16c 23.23
C 0.00 0.00 0.00 0.00 

W5 = Competition 
for 60 DAS 

27.42bc 28.94bc 32.47b 29.61
B 0.00 0.00 0.00 0.00 

W6 = Competition 
throughout the 
season (Weedy 
check) 

36.86ab 38.45ab 41.44a 
38.92
A 

0.00 
0.00 

0.00 
0.00 

Mean 
18.17B 

19.00A
B 21.31A 

 0.00ns 0.00 0.00  
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Table 4.32: Effect of sowing time and competition period on phosphorus uptake by E. 
indica (kg ha-1) in direct-seeded rice  

 
LSD5% 
Sowing time               0.717            ns  
Competition period   0.820         ns      
Interaction    1.118     ns 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

---- ---- ---- ---- ----ns ---- ----- ----ns 

W2 = Competition for 
15 DAS 

1.43e 1.74e 2.30de 1.82E 0.00 0.00 0.00 0.00 

W3 = Competition for 
30 DAS 

3.06d 3.87cd 4.24c 3.72D 0.00 0.00 0.00 0.00 

W4 = Competition for 
45 DAS 

4.21c 4.78bc 5.21bc 4.73C 0.00 0.00 0.00 0.00 

W5 = Competition for 
60 DAS 

5.48b 6.02ab 6.42ab 5.97B 0.00 0.00 0.00 0.00 

W6 = Competition 
throughout the season 
(Weedy check) 

6.57ab 6.97a 7.12a 
6.89A 

0.00 
0.00 

0.00 
0.00 

Mean 3.46B 3.90AB 4.22A  0.00ns 0.00 0.00  
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4.2.1.3.9. Potash uptake by E. indica (kg ha-1) 

Potash uptake by E. indica (17.47 kg ha-1) was significantly maximum in plots where 

crop was sown in first week of July (S3) 2008, which was significantly different from other 2 

sowing times. Crop sown in first and third week of June (S1 and S2, respectively) could not 

reach the level of significance with each other.  

As far as competition period is concerned, significantly maximum potash uptake by 

E. indica (27.16 kg ha-1) was observed in weedy check plots (W6) which was statistically at 

par with weed-crop competition of 60 DAS whereas, other competition periods were 

significantly different from one another. Interactive effect of both factors was also significant 

with maximum (29.20 kg ha-1) in weedy check plots where rice was planted in first week of 

July (W6S3), 2008. Weedy check plots when rice was sown in first and third week of June 

were statistically similar to those where rice was direct-seeded in first week of July. Beside 

this, weed-crop competition of 60 DAS when crop was planted in first week of July (W5S3) 

also resulted in non significant differences with weedy check plots for potash uptake by E. 

indica. Weed-crop competition of 15, 45 and 60 DAS were significantly similar to each other 

within same competition period at all sowing times under test. There were non significant 

differences in potash uptake by E. indica for sowing time when rice competed with crop in 

all treatments except competition period of 30 DAS where rice was direct-seeded in first 

week of June, 2008. When crop was sown in first week of June showed non significant 

differences in competition period of 60 DAS and weedy check during 2008. Similar trend 

was also found in other sowing times during 2008. With each increase in competition period 

upto harvest of rice sown in first week of June resulted in increase in potash uptake by E. 

indica during 2008. Similar trend was also observed in other sowing times during 2008. 

Discussion 

In weed-free and weedy check plots no T. portulacastrum was observed as in weed-

free plots weed was continuously removed from field and were not allowed to compete with 

rice while in weedy check at harvest of crop no T. portulacastrum plants were observed as 

these had completed the life cycle before harvest of crop during both years. While no weed 

was observed in weed-free plots as no competition was allowed between crop and weed in 

these plots during both years. Whereas, in weed-free plots as no competition was allowed 
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between crop and weed there was no weed in these plots.      

 Competitiveness of rice against two ecotypes of Echinochloa colona (L) Link was 

determined by Chaver and Moody (1988). They stated that both of the ecotypes were equally 

competitive at all density levels at 30, 45, and 60 days after sowing. The threshold level of 

the weed junglerice (E. colona L.) was investigated in direct-seeded upland rice by Mishra 

(2000). He reported that panicle number; plant height and grain yield was reduced with 

increasing density of the weed. The threshold density of junglerice for crop sown on 14 July 

was 262 plants m-2 in first year which was greatly reduced to 37 plants m-2 in second year for 

rice sown on 29 June. He also reported that timely sown crop suffers more because of 

competition from junglerice compared with delay in sowing of crop. Echinochloa species 

were more competitive in directly sown rice than transplanted rice (Hill et al., 1990). They 

reported that density of 300 rice plants m-2 was equal to only 25 transplanted plants m-2 in 

terms of yield produced in response to competition with Echinochloa spp.  

Threshold level of weeds in crop was evaluated by Prusty et al., (1993). He showed 

that Hydrolea zeylancia, Leptochloa chinensis and Ludwigia parviflora had more severe 

losses to crop than other weeds as compared with weed-free treatment for the whole growing 

season. The decrease in yield at density of 2,3,4,5 and 6 plants m-2 were 18, 37, 41, 46 and 

53%, respectively for H. zeylancia, 14,23,25,39 and 44%, respectively for L. chinensis and 

18,23,26,32 and 38%, respectively for L. parviflora. It can be owed to relevant weed density.  

Weed-free and weedy check plots showed zero nitrogen uptake by the weed because 

no weed was allowed to grow in weed-free plots while in weedy check at harvest there was 

no weed plant of T. portulacastrum as there were no weed plants of T. portulacastrum as 

these have already completed their life cycle before reaching the maturity and harvest stage 

of crop during both years. At weed-crop competition of 60 DAS when crop sown in first 

week of July also showed zero uptake of nitrogen by T. portulacastrum during both years. It 

was related to zero density of the weed in this treatment. The potash uptake by D. aegyptium 

in different treatments can be attributed to density of the weed in relative treatments. 

Whereas, in weed-free plots weeds were continuously kept out of field by removing them so 

no weed was present thereby resulting in zero nitrogen uptake by E. indica.   
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Table 4.33: Effect of sowing time and competition period on potash uptake by E. indica 
(kg ha-1) in direct-seeded rice 
 

 
LSD 5% 
Sowing time               2.022       ns        
Competition period   3.718       ns         
Interaction    4.585     ns 

Competition 
period 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No 
competition 
(Weed-free) 

----- ---- ---- ---- 
---ns 

--- 
--- 

----ns 

W2 = Competition 
for 15 DAS 

5.28e 7.21e 9.52de 7.34D 0.00 0.00 0.00 0.00 

W3 = Competition 
for 30 DAS 

12.56d 14.62cd 17.62c 14.93C 0.00 0.00 0.00 0.00 

W4 = Competition 
for 45 DAS 

18.40c 19.48bc 22.99bc 20.29B 0.00 0.00 0.00 0.00 

W5 = Competition 
for 60 DAS 

22.22b 23.86b 25.51ab 23.86A
B 0.00 0.00 0.00 0.00 

W6 = Competition 
throughout the 
season (Weedy 
check) 

25.87ab 26.41ab 29.20a 

27.16A 
0.00 

0.00 
0.00 

0.00 

Mean 14.06B 15.26B 17.47A  0.00ns 0.00 0.00  
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4.2.1.4. Growth Parameters of Rice 

4.2.1.4.1. Leaf area index (LAI) 

Leaf area index was increased progressively up to the end of growth stage (Fig. 4.23 

and 4.24). Significantly maximum leaf area index was noted in weed-free plots among all 

treatments. With each increase in competition period leaf area index was progressively 

decreased until minimum LAI in plots where weeds were not controlled and allowed to 

compete with rice crop throughout the growing season. Significantly higher LAI of crop was 

noted when LAI of crop was recorded at September 20 during growing seasons of both years 

(Fig 4.25 and 4.26). Among sowing times, maximum LAI was observed in plots where rice 

was direct-seeded in first week of June during 2008 and 2009. Whereas, delaying the seeding 

resulted in reduced LAI during both years.  

4.2.1.4.2. Leaf area duration (LAD) 

Leaf area duration highlights the importance of photosynthetic parts during variation 

in yield between treatments sometimes also determined based on leaf area duration as 

differences in kernel and straw yield may not truly explain the differences in their maximum 

LAIs (Fig. 4.27 and 4.28). Significantly maximum leaf area duration was recorded in weed-

free plots with minimum in weedy check. LAD increased progressively with time during 

both years (Fig. 4.29 and 4.30). Delaying the sowing of rice crop resulted in reduced leaf area 

duration with least LAD when crop was sown directly in first week of July during both years. 

Increase in competition period decreased the final LAD with coefficient value of 

89.71% and 90.81% during 2008 and 2009, respectively. Decrease in final LAD by increase 

in competition period reveals that it might be due to resource sharing between crop and 

weeds.  

4.2.1.4.3. Crop growth rate (CGR) 

Significant differences were observed among the treatments. Crop growth rate 

correlates with LAI and CGR showed significantly maximum CGR as compared to CGR at 
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other two stages (CGR1 and CGR3) during both years (Fig. 4.31 and 4.32). Weed-free plots 

showed maximum CGR. Increasing the competition period resulted in gradual decrease in 

CGR with minimum being in weedy check plots during both years. Crop sown in first week 

of June showed maximum CGR during both years, with minimum being in plots where rice 

was sown in first week of July (Fig. 4.33 and 4.34).  

4.2.1.4.4. Net assimilation rate (NAR)  

It shows the net photosynthetic production per unit leaf area duration (Hunt, 1978). 

Maximum net assimilation rate (6.65 and 7.05 g m-2 d-1) was recorded in weed-free plots 

where weeds were not allowed to compete with crop throughout the growing season of 2008 

and 2009, respectively. As the competition between qweeds and crop was increased, the 

NAR was reduced with minimum in weedy check plots (Fig. 4.35 and 4.36). Crop planted in 

first week of June in the field during growing seasons of 2008 and 2009 showed maximum 

NAR. Delaying the sowing resulted in decreased net assimilation rate (Fig. 37 and 38).  
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Fig 4.21: Relationship between competition period and final leaf area duration (LAD) 
in direct-seeded rice as affected by competition period in 2008 
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Fig 4.22: Relationship between competition period and final leaf area duration (LAD) 
in direct-seeded rice as affected by competition period in 2009 
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Effect of competition period on leaf area index (LAI) in direct seeded fine rice in 2008
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Fig 4.23 

Effect of competition period on leaf area index (LAI) in direct seeded fine rice in 2009
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Fig 4.24 
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Effect of sowing time on LAI in direct seeded rice in 2008
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 Fig 4.25 

Effect of sowing time on leaf area index (LAI) in direct seeded fine rice in 2009
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Fig 4.26 
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Effect of competition period on leaf area duration (LAD) in direct seeded rice in 
2008
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Fig 4.27 

 

Effect of competition period on leaf area duration (LAD) in direct seeded rice in 
2009

0

20

40

60

80

100

120

140

LAD1 LAD2 LAD3

LAD

Da
ys

Weed free 
Competition for 15 DAS
Competition for 30 DAS
Competition for 45 DAS
Competition for 45 DAS
Weedy check

 

Fig 4.28 
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Effect of sowing time on Leaf area duration (LAD) in direct seeded rice in 2008
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Fig 4.29 

Effect of sowing time on leaf area duration (LAD) in direct seeded rice in 2009
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Fig 4.30 
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Effect of competition period on crop growth rate (CGR) in direct seeded rice in 
2008
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Fig 4.31 

Effect of competition period on crop growth rate (CGR) in direct seeded rice in 
2009
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Fig 4.32 
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Effect of sowing time on crop growth rate (CGR) in direct seeded rice in 2008
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Fig 4.33 

 

Effect of sowing time on crop growth rate (CGR) in direct seeded rice in 2009
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Fig 4.34 
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Effect of competition period on net assimilation rate (NAR) in direct seeded rice 
in 2008
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Fig 4.35 

 

   

Effect of competition period on net assimilation rate (NAR) in direct seeded rice 
in 2009
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Fig 4.36 

   

Effect of sowing time on net assimilation rate (NAR) in direct seeded rice in 2008
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Fig 4.37 
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Effect of sowing time on net assimilation rate (NAR) in direct seeded rice in 2009
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Fig 4.38 

Discussion 

Decreasing the competition period between crop and weeds may help in improving 

the growth of rice. Weed-free plots with improved LAI, LAD,CGR, NAR in rice might be 

due to lack of weed competition as weeds were continuously kept controlled and kept free of 

weeds until harvest at maturity which improved the growth of crop. No competition at start 

improved the CGR which also improved the LAI. Results are supported by the findings of 

Tabbal et al. (2000) reported that when weed growth was high, yield from the combined 

treatment of herbicide and hand weeding was significantly higher than that from the 

herbicide treatment alone. Batish et al., (2002) checked the effect of sunflower residues on 

four summer crops namely Sorghum vulgare, Zea mays, Cyamopsis tetragonoloba and 

Pennisetum americanum and observed that growth of these crops was significantly reduced 

by sunflower. A pot culture conducted by Narwal et al., (1999a) documented that sunflower 

infested soil inhibited the germination, growth development and yield of all test crops 

(sorghum, maize, cotton, cow peas, cluster beans, green gram, black gram, soybeans and 

pigeon peas). Narwal et al., (1999 b) reported that in field presence of a preceding sunflower 

crop reduced the plant height, dry matter and yield of all subsequent crops mentioned above 

compared with those sown in fallow plots. The reduction in growth, yield and yield 

components was observed in sunflower and cotton while the least reduction was observed in 
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cereals and moderate effects in legumes. Allelopathic inhibitory effect of sunflower water 

extract on germination and seedling growth of rice was found by Oudhia and Tripathi (2000). 

The results show that reducing competition improved the growth and development of rice 

crop. 

4.2.1.5. Yield and yield related attributes 

4.2.1.5.1. Plant height (cm) 

The year effect for plant height was non-significant therefore the data of both years is 

pooled and mean values have been presented. As evident from the data presented in table 

4.34 that sowing time and competition period significantly affected the plant height of rice. 

The maximum plant height (97.27 cm) was obtained when rice was sown in first week of 

June (S1). There was a significant decrease in the plant height with each delay in sowing. The 

significantly minimum plant height (93.62 cm) was noted when rice was sown in first week 

of July (S3) during both years.  

The effect of competition period on plant height was significant. The maximum plant 

height (104.14 cm) observed in weed-free treatment (W1) where weeds were not allowed to 

compete with rice crop throughout the growing season. The gradual and significant decrease 

in plant height of rice was noted as the competition period was increased. The significantly 

minimum plant height (87.11 cm) of rice was obtained where weeds prevailed till harvest of 

crop (W6).  

The interaction among competition periods and sowing times was also significant. 

The maximum plant height was recorded with weed-free plots sown in 1st week of June 

(W1S1) and was statistically at par with weed-free plots sown in third week of June (W1S2). 

The differences among the sowing time were non-significant at all competition periods 

except weed-free (W1) and weedy check (W6) where significantly minimum height was 

recorded in plots where crop was sown directly in first week of July (S3). The minimum 

height of rice plants were recorded with weedy check where weeds were allowed to compete 

till harvest and crop was sown in first week of July (W6S3). There were non significant 

differences in plant height of rice for sowing time when rice competed with crop for 15, 30, 

45 and 60 DAS during both years. Whereas, when crop was sown in first week of July and 
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kept free of weeds until rice was harvested from field along with weedy check differed 

significantly from rice plants sown in first and third week of June during growing season of 

2008. When rice seeds were sown in first week of June showed non significant differences in 

competition period of 15 and 30 DAS while also between 45 and 60 DAS.  Similar trend was 

also noted in plots sown in third week of June. Weed-free and competition of 15 DAS in 

plots where crop was sown in first week of July showed non significant differences while 

competition period of 15 and 30 DAS also could not reach the level of significance in this 

sowing time. With each increase in competition period upto harvest of the rice crop resulted 

in gradual reduction in plant height of rice. 

4.2.1.5.2. Total number of tillers per m-2 

There were significant differences among competition period and interaction (Table 

4.35). Among competition period significantly the maximum number of tillers (462.17 and 

497.51) was observed in plots where weeds were not allowed to compete with crop 

throughout the season during 2008 and 2009, respectively. With each increasing competition 

period the number of tillers decreased significantly. Significantly the minimum number of 

tillers (347.95 and 385.67) was found in plots where weeds flourished until harvest (W6) of 

crop during 2008 and 2009, respectively. Data on interactive effect of sowing time and 

competition period revealed that rice planted in first week of June and kept weed-free 

throughout the growing season (W1S1) showed significantly the maximum number of tillers 

(463.06 and 509.40) during 2008 and 2009, respectively. Significantly the minimum number 

of tillers (345.34 and 375.74) was found when rice seeds were sown in first week of July in 

weedy check condition (W6) during both years.  

The difference between number of tillers of rice at all sowing times showed 

statistically similar results in all competition period treatments during both years. The 

differences between weedy check and competition for 60 DAS were statistically similar at all 

the sowing dates during 2008, however during 2009, the increase in competition period 

reduced the number of tillers up to 60 DAS when rice was planted in first week of June 

(W5S1), 45 DAS when seeds of rice were sown in third week of June (W4S2) and up to 30 

DAS when crop was sown in first week of July (W3S3). There were non significant 

differences in total number of tillers for sowing time in all competition treatments during 
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both years. When crop was planted in first week of June showed non significant differences 

in competition period of 15 and 30 DAS during both years. Furthermore, competition period 

of 30, 45 and 60 DAS also revealed non significant differences during both years. Similar 

trend was also observed for other sowing times. With each increase in competition period 

upto harvest when sown in first week of June resulted in reduction in total number of tillers. 

4.2.1.5.3. Productive tillers per m-2 

Year effect was significant therefore the data of both years on productive tillers m-2 is 

given and discussed separately. As evident form the data presented in table 4.36 that sowing 

time and competition period significantly affected the number of productive tillers m2 during 

both the years. The maximum number of productive tillers were found when crop was sown 

in first week of June (S1), while significantly minimum number of productive tillers m2 were 

found when rice was sown in first week of July (S3) during 2008 and 2009, respectively. The 

effect of competition period on number of productive tillers m2 was also significant.  

The maximum number of productive tillers m2 were observed when no weed 

competition was offered to rice crop (W1), while the minimum number of productive tillers 

were found in weedy check where weeds competed with the rice crop throughout the 

growing period (W6) during both the years, respectively. 

 Rice sown in first week of June where no weed-crop competition (W1S1) was 

allowed showed significantly the maximum number of productive tillers (406.84 and 459.34) 

for both growing seasons, respectively. The minimum number of productive tillers (273.34 

and 302.81) were recorded when rice was sown in first week of July and allowed to compete 

with weeds throughout the growing seasons (W6S3) during 2008 and 2009, respectively. All 

the sowing times showed non-significant difference among each other for weedy check, 15 

and 45 DAS during both years. There were non significant differences in productive tillers 

for sowing time when rice competed with crop for 15 and 45 DAS beside in plots where 

weeds were continuously removed until harvest of the crop, during both years. Whereas, 

when crop was sown in first week of July under weedy check condition differed significantly 

from rice plants sown in first and third week of June during growing seasons of both years. 

When seeds of rice were sown in first week of June showed non significant differences in 
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weed-free and competition period of 15 DAS. Furthermore, competition period of 45 and 60 

DAS also could not reach the level of significance during both years at all sowing times. 

With each increase in competition period upto harvest of the crop where crop was direct-

seeded in first week of June showed in a gradual decrease in productive tillers. The other two 

sowing times also revealed similar results. 

Increase in competition period decreased the productive tillers with coefficient value 

of 83.86% and 86.52% during 2008 and 2009, respectively. Decrease in productive tillers by 

increase in competition period reveals that it might be due to resource sharing between crop 

and weeds.  

4.2.1.5.4. Number of Spikelets per panicle 

There was significant year effect in case of number of spikelets per panicle so the 

data of both years is discussed separately. As it is evident from the table 4.37 that effect of 

sowing time and competition period was significant on number of spikelets per panicle of 

rice. The maximum number of spikelets per panicle (117.85 and 120.44) were observed when 

rice was sown in first week of June (S1) during both years. The minimum number of spikelets 

per panicle (109.18 and 113.48) was found when rice was sown in first week of July (S3) 

which was statistically at par with sowing at third week of June (S2) during both the years. 

 Effect of competition period was also significant on number of spikelets per 

panicle with significantly the maximum (127.4 and 133.29) where weeds were kept 

controlled (W1) with the minimum (94.68 and 99.16) in W6 where weeds were not removed 

at all and competed with crop until harvest. When rice sown in first week of June and kept 

weed-free (W1S1) showed the maximum number of spikelets per panicle while the minimum 

number of spikelets per panicle was recorded in weedy check when sown in first week of 

July (W6S3). The increase in competition period decreased the number of spikelets up to 60 

DAS (W5) and further increase in competition period could not increase the number of 

spikelets significantly when rice was directly sown in 1st week of July (S3) during 2008 and 

in 1st week of June (S1) and 1st week of July (S3) during 2009.  
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Table 4.34: Effect of sowing time and competition period on plant height (cm) in direct-
seeded rice 

 

LSD 5% 
Sowing time   0.435          
Competition period  0.604      
Interaction   2.913 
 
 
Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns 

ns = Non-significant 

Competition period 2008 and 2009 
Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition (Weed-free) 106.73a 104.70a 101.00b 104.14A 

W2 = Competition for 15 DAS 101.52b 100.03bc 98.77bc 100.11B 

W3 = Competition for 30 DAS 99.68bc 98.63bc 97.21c 98.51C 

W4 = Competition for 45 DAS 94.45cd 94.57cd 93.43d 94.15D 

W5 = Competition for 60 DAS 92.18de 91.37de 89.40e 90.98E 

W6 = Competition throughout the season (Weedy 
check) 

90.12e 89.28e 81.92f 87.11F 

Mean 97.27A 96.61B 93.62C  
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Fig 4.39: Relationship between competition period and productive tillers (m-2) in direct-
seeded rice as affected by competition period in 2008 
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Fig 4.40: Relationship between competition period and productive tillers (m-2) in direct-
seeded rice as affected by competition period in 2009 
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Table 4.35: Effect of sowing time and competition period on number of tillers (m-2) in 
direct-seeded rice 
 

 
LSD 5%    2008               2009 
Sowing time               ns                    ns          
Competition period   19.050                     21.092         
Interaction    29.680                                                32.729 
 

Y × S   =  * 
Y × W  = * 

Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

463.06 a 461.12 a 462.33a 462.17
A 

509.40a 497.17a
b 

485.96a
b 

497.51
A 

W2 = Competition for 15 
DAS 

424.03b 420.71b 417.01b 420.59 
B 

466.61b 451.21b
c 

443.45b
c 

453.76 
B 

W3 = Competition for 30 
DAS 

401.02b
c 

403.34b
c 

402.09b
c 

402.15B
C 

448.49bc 430.37c 420.96c
d 

433.27 
BC 

W4 = Competition for 45 
DAS 

386.37c 384.50c 382.62c 384.50C 430.57c 420.43c
d 

411.43c
d 

420.81 
C 

W5 = Competition for 60 
DAS 

371.28c
d 

369.89c
d 

367.83c
d 

369.67C 411.50cd 401.22c
d 

396.51d 403.08 
CD 

W6 = Competition 
throughout the season 
(Weedy check) 

351.16d 345.35d 347.34d 347.95
D 

396.76d 384.5d 375.74d 385.67
D 

Mean 399.49n
s 397.49 396.54 

 443.89ns 430.82 422.34  
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There were non significant differences in number of spikelets per panicle for sowing time in 

all competition treatments except competition period of 45 DAS in 2008. When crop was 

sown in first week of June showed non significant differences in weed-free and competition 

of 15 DAS while competition period of 15 and 30 DAS also yielded non significant results 

during both years. Crop sown in third week of June and first week of July also gave similar 

results. With each increase in competition period upto harvest of the crop where crop was 

sown in first week of June resulted in a gradual decrease in number of spikelets per panicle. 

The other two sowing times also revealed similar results. 

Increase in competition period decreased the spikelets per panicle with coefficient 

value of 91.54% and 91.37% during 2008 and 2009, respectively. Decrease in spikelets per 

panicle by increase in competition period reveals that it might be due to resource sharing 

between crop and weeds.  

4.2.1.5.5. Panicle length (cm) 

There was significant difference between years for panicle length therefore the data is 

discussed separately. It is clear from the table 4.38 that sowing time and competition period 

significantly affected the panicle length of rice.  

The maximum panicle length (15.71 and 16.47 cm) was obtained when crop was 

planted in first week of June (S1) during 2008 and 2009, respectively. It was statistically at 

par with panicle length when crop was sown at 20 June (S2) during 2008 only. The 

significantly minimum panicle length (14.09 and 14.84) was obtained when crop was sown 

in first week of July (S3) in 2008 and 2009, respectively. The significantly maximum panicle 

length (18.72 and 19.11) was obtained in weed-free treatment (W1) in 2008 and 2009, 

respectively. The panicle length decreased significantly with each increase in competition 

period. The significantly minimum panicle length was obtained in weedy check (W6) during 

both the years. 
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Fig 4.41: Relationship between competition period and spikelets per panicle in direct-
seeded rice as affected by competition period in 2008 
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Fig 4.42: Relationship between competition period and spikelets per panicle in direct-
seeded rice as affected by competition period in 2008 
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The interactive effect of weed competition periods and sowing times for panicle 

length was significant during both the years. Rice sown in first week of June showed 

maximum panicle length (19.40 and 19.93 cm) when weeds were continuously removed from 

field and no competition was offered by weeds to crop (W1S1), while the minimum panicle 

length (10.30 and 10.70 cm) was noted in weedy plots where weeds were allowed to compete 

with crop and crop was sown in first week of July during 2008 and 2009, respectively. There 

were non significant differences for panicle length between weed-free and competition for 15 

DAS (W1 & W2) when rice was sown in 3rd week of June during 2008 and all sowing dates 

during 2009, when crop competed with weeds for 15 and 30 DAS sown in first week of July 

(W2S3 and W3S3) during 2008. There were significant differences in panicle length for 

sowing time in different weed-crop competition treatments during both years. Whereas, when 

crop was sown in first week of July with competition period of 15, 30, 45 and 60 DAS 

resulted in significant reduction in panicle length as compared to early two sowing times 

during both years. When crop was sown in first week of June revealed significant differences 

in all competition periods in 2008 while in 2009 weed-free and competition period of 15 

DAS showed non significant differences.  

When the crop was sown in third week of June non significant differences were found 

between weed-free and competition period of 15 DAS during both years. Crop sown in first 

week of July showed non significant differences in competition period of 15 and 30 DAS in 

2008, while in 2009 among weed-free and 15 DAS. With each increase in competition period 

upto harvest of the crop where crop was sown in first week of June showed a gradual 

decrease in panicle length. The other two sowing times also revealed similar results. 

4.2.1.5.6. Kernel length (cm)  

The year effect was non significant for kernel length so the data of both years was pooled to 

get the mean values. The data presented in table 4.39 revealed that effect of sowing time was 

non-significant on kernel length of rice while competition period and interaction showed 

significant differences. 
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Table 4.36: Effect of sowing time and competition period on productive tillers per m-2 in 
direct-seeded rice 
 

 
LSD5%     2008             2009 
Sowing time                           14.874                                              18.939          
Competition period    11.884                    17.345        
Interaction     19.487             28.173 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

406.84a 404.94a 401.34a
b 

404.3
7A 

459.34a 448.94a
b 

431.55a
b 

446.61
A 

W2 = Competition for 
15 DAS 

391.42ab 389.74a
b 

385.13b 388.7
6B 

433.27ab 422.42b 404.18b 419.96
B 

W3 = Competition for 
30 DAS 

358.03c 356.64c 343.96c
d 

352.8
8C 

399.19b 380.70c 370.80c 383.56
C 

W4 = Competition for 
45 DAS 

341.57cd 338.85c
d 

314.67d
e 

331.7
0D 

385.59c 370.19c
d 

358.57c
d 

371.45
CD 

W5 = Competition for 
60 DAS 

325.47d 326.67d 297.20e 316.4
5E 

372.16c 357.77c
d 

340.95d 356.96
D 

W6 = Competition 
throughout the season 
(Weedy check) 

303.09e 299.32e 273.34f 291.9
2F 

342.45d 322.86d
e 

302.81e 322.71
E 

Mean 
354.40A 352.69A 335.94B  398.67A 

383.81A
B 368.14B 
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Table 4.37: Effect of sowing time and competition period on spikelets per panicle in 
direct-seeded rice 

 

 
LSD 5%    2008              2009 
Sowing time    4.413          5.830          
Competition period   4.077                     5.001         
Interaction    7.130                                               7.484 
 

Y × S   =  * 

Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

130.67a 126.32a
b 

125.23a
b 

127.41
A 

136.04a 132.71a
b 

131.12a
b 

133.29
A 

W2 = Competition for 
15 DAS 

127.13a
b 

123.25b 121.52b
c 

123.97
A 

129.51ab 125.99b 122.67b
c 

126.06
B 

W3 = Competition for 
30 DAS 

122.62b
c 

118.38b
c 

114.06c 118.35
B 

123.67bc 120.14b
c 

116.59c
d 

120.13
C 

W4 = Competition for 
45 DAS 

115.60c 111.13c
d 

105.33d 110.69
C 

117.47c 114.35c
d 

111.94c
d 

114.59
D 

W5 = Competition for 
60 DAS 

109.72c
d 

102.63d 98.75de 103.70
D 

112.69cd 109.52d 104.05d
e 

108.75
E 

W6 = Competition 
throughout the season 
(Weedy check) 

99.29de 94.54e 90.21e 94.68
E 

103.24de 99.73e 94.50e 
99.16F 

Mean 
117.51A 112.71B 109.18B  120.44A 

117.07A
B 113.48B 
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           The maximum kernel length (6.77 cm) was noted where weeds were not allowed to 

compete with crop (W1), however increase in competition period up to 30 DAS could not 

decrease the kernel length significantly. The minimum (6.49 cm) kernel length was noted in 

weedy check (W6) where weeds were allowed to competed with crop until harvest of the 

crop, however it was at par with all competition periods except weed-free (W1). There was a 

gradual reduction in kernel length as the competition between crop and weeds were 

prolonged. Although there were non significant differences between competition of 45 and 

60 DAS (W4 and W5).  

Significantly maximum kernel length (6.84 cm) in weed-free plots was obtained when 

sown in first week of June (W1S1) while the minimum (6.43 cm) was noted in plots where 

competition between crop and weed continued through out the growing season when sown in 

first week of July (W6S3), respectively. When crop was sown in all sowing times and 

competed for 45 and 60 DAS showed non significant differences from each other. There 

were non significant differences in kernel length for sowing time in all competition 

treatments. When crop was planted in first week of June showed non significant differences 

in most of the competition periods. Similar trend was also noted in other sowing times. With 

each increase in competition period upto harvest of the crop where crop was sown in first 

week of June resulted in a gradual decrease in kernel length. The other two sowing times also 

revealed similar results. 

4.2.1.5.7. Kernel width (cm) 

Non significant difference between data of 2008 and 2009 was observed therefore the 

data of both years is pooled to get the mean values. As it is evident from the table 4.40 that 

the effect of sowing time on the kernel width could not reach the significant level. The 

differences between sowing time for kernel width varied from 1.50 to 1.51 cm. Similarly the 

kernel width varied from 1.50 to 1.52 for competition periods; however, these differences 

could not reach to the level of significance. The interaction between weed competition 

periods and sowing time was also non-significant.  
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4.2.1.5.8. Kernel length width ratio 

The differences between the years were statistically similar therefore; the mean 

values of both the years have been presented in table 4.41 and discussed. . It is evident from 

the data that the effect of sowing time on kernel length width ratio was non-significant. 

Whereas, the effect of competition period on kernel length width ratio was significant. The 

maximum kernel length width ratio (4.52) was noted in weed-free treatment (W1) where no 

weed competition occurred. The minimum ratio was found in weedy check (W6) (4.28) 

which were statistically similar with all other competition periods except weed-free. 

The interactive effect of weed competition periods and sowing time on the kernel length 

width ratio was also significant. The maximum kernel length width ratio (4.59) was recorded 

when rice sown in first week of June and plots were kept weed-free throughout the growing 

season (W1S1). The minimum kernel length width ratio (4.23) was observed when rice plants 

and weeds competed with each other for resources until harvest and crop was sown in first 

week of July (W6S3).  The differences between weed competition periods at all the sowing 

dates were non-significant except sowing of crop on first week of June where the weed-free 

treatment resulted in significantly higher ratio than other weed competition treatments.  

There were non significant differences in kernel length width ratio for sowing time in all 

competition treatments. When rice was sown in first week of June showed non significant 

differences in most of the competition periods. Similar trend was also noted in other sowing 

times. With each increase in competition period upto harvest of the crop where crop was 

sown in first week of June resulted in a gradual decrease in kernel length width ratio. The 

other two sowing times also revealed similar results. 
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Table 4.38: Effect of sowing time and competition period on panicle length (cm) in 
direct-seeded rice  
 

 
LSD5%    2008     2009 
Sowing time               0.417                                                   0.299         
Competition period   0.357            0.275         
Interaction    0.791                                                 0.817 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No 
competition (Weed-
free) 

19.40a 18.97ab 17.80b 18.72
A 

19.93a 19.30ab 18.10bc 19.11A 

W2 = Competition 
for 15 DAS 

18.27b 17.73b 15.77d 17.26
B 

19.33ab 18.87b 16.97c 18.39B 

W3 = Competition 
for 30 DAS 

16.77c 16.57c 15.07de 16.13
C 

17.77c 17.43c 15.90d 17.03C 

W4 = Competition 
for 45 DAS 

15.23de 14.90e 13.73f 14.62
D 

16.10d 15.73d 14.70e 15.51D 

W5 = Competition 
for 60 DAS 

13.40f 13.13f 11.90g 12.81
E 

14.07e 13.90e 12.70f 13.56E 

W6 = Competition 
throughout the 
season (Weedy 
check) 

11.17gh 11.03h 10.30h 10.83F 11.60g 11.30gh 10.70h 11.20F 

Mean 15.71A 15.39A 14.09B  16.47A 16.09B 14.84C  
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Table 4.39: Effect of sowing time and competition period on kernel length (cm) in 
direct-seeded rice  
 

 
LSD 5%     2008       
Sowing time    ns            
Competition period    0.154              
Interaction     0.204   
 
Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns 
 

ns = non-significant 

Competition period 2008 and 2009 
Sowing Time 

S1 = 1st 
week 

of June 

S2 = 3rd
 

week 
of June  

S3 = 1st 
week 

of July 

Mean 

W1 = No competition (Weed-free) 6.84a 6.79ab 6.68ab 6.77a 

W2 = Competition for 15 DAS 6.72ab 6.71ab 6.63b 6.69ab 

W3 = Competition for 30 DAS 6.67ab 6.65ab 6.58b 6.63ab 

W4 = Competition for 45 DAS 6.64ab 6.58b 6.52b 6.58b 

W5 = Competition for 60 DAS 6.59b 6.52b 6.52b 6.54b 

W6 = Competition throughout the season 
(Weedy check) 

6.56b 6.47b 6.43b 6.49b 

Mean 6.67ns 6.62 6.56  
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Table 4.40: Effect of sowing time and competition period on kernel width (cm) in 
direct-seeded rice  
 

 
LSD5%    2008      
Sowing time               ns                                                    
Competition period   ns        
Interaction    ns 
 
Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns 

ns = non-significant  
     

Competition period 2008 and 2009 
Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition (Weed-free) 1.49ns 1.50 1.50 1.50ns 

W2 = Competition for 15 DAS 1.49 1.50 1.51 1.50 

W3 = Competition for 30 DAS 1.50 1.51 1.51 1.51 

W4 = Competition for 45 DAS 1.50 1.51 1.52 1.51 

W5 = Competition for 60 DAS 1.51 1.52 1.52 1.52 

W6 = Competition throughout the season 
(Weedy check) 

1.51 1.52 1.52 1.52 

Mean 1.50ns 1.51 1.51  
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 4.2.1.5.9. 1000 kernel weight (g) 

There was a significant difference among the years for 1000 kernel weight so the data 

of both years is discussed separately. It is evident from the data in table 4.42 that sowing time 

and competition period significantly affected the 1000 kernel weight in rice. The maximum 

1000 kernel weight was noted when rice was sown in first week of June (S1) during both the 

years. First week of July (S3) showed significantly the minimum 1000 kernel weight (15.16 

and 16.03 g) during 2008 and 2009, respectively. Competition period had a significant effect 

on the kernel weight. Significantly the maximum 1000 kernel weight (18.74 and 19.49 g) 

was found in weed-free plots where no weed competition was offered to crop (W1) during 

2008 and 2009, respectively. The 1000 kernel weight decreased significantly with each 

increased competition period and the minimum 1000 kernel weight (13.65 and 14.66 g) was 

noted in plots where weeds competed with rice throughout the growing period in 2008 and 

2009, respectively. 

The interaction between weed competition periods and sowing times for 1000 kernel 

weight were significant. The maximum 1000 kernel weight was noted when crop was sown 

in first week of June and no competition was offered throughout the season (W1S1) during 

both the years. The minimum 1000 kernel weight (13.44 and 13.94 g) was observed when 

crop sown in first week of July where weeds competed with crop till the crop harvest (W5S3).  

The differences among sowing time for kernel weight could not vary significantly in weed-

free treatment, competition for 15 DAS and weedy check during 2008 and during 2009 the 

differences among sowing times were non-significant in weed-free, competition for 15 and 

30 DAS treatments. Plots where there was competition for 30 DAS (W3S3) 45 DAS (W4S3) 

and 60 DAS (W5S3) between crop and weeds showed non significant differences. While in 

2009 when rice was sown in first week of July and competed with weeds for 45 DAS (W4S3) 

showed statistically similar results to plots where rice competed with crop for 60 DAS 

(W5S3). 

During the growing season of 2009 when rice was sown in first week of July, plots 

where weeds showed competition with rice for 45 DAS (W4S1) had statistically similar 

results to plots where competition of weeds with crop was allowed until 60 DAS (W5S3). 

There were non significant differences in 1000 kernel weight for sowing time when rice 
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competed with crop for 15 DAS along with weed-free plots during both years. Whereas, 

when crop was planted in first week of July and allowed to compete for 45 DAS gave 

significant reduction in 1000 kernel weight during growing seasons of both years. When crop 

was seeded in first week of June showed non significant differences in weed-free and 

competition period of 15 DAS during both years. Similar trend was noted in other sowing 

times. Furthermore, competition period of 30 and 45 DAS revealed non significant 

differences when sown in first week of June during both the years. With each increase in 

competition period upto harvest of the crop where crop was sown in first week of June 

resulted in a gradual decrease in 1000 kernel weight. The other two sowing times also 

revealed similar results. 

Increase in competition period decreased the 1000 kernel weight of rice with 

coefficient value of 72.83% and 67.62% during 2008 and 2009, respectively. Decrease in 

1000 kernel weight by increase in competition period reveals that it might be due to resource 

sharing between crop and weeds (Fig 4.43 and 4.44).   

4.2.1.5.10. Kernel Yield (kg ha-1) 

Management practices and growing conditions determine the kernel yield which is 

also dependent on cumulative effect of yield components. There were significant differences 

in kernel yield in both years therefore both the years are discussed separately. The data 

presented in Table 4.43 show that sowing time and competition periods affected the kernel 

yield significantly in both years.  

The maximum kernel yield of 2448 kg ha-1 and 2656 kg ha-1 was recorded when rice 

was sown in first week of June (S1) during 2008 and 2009, respectively. The kernel yield 

decreased significantly with each delay in sowing and the minimum kernel yield was 

recorded when rice sown in first week of July (S3) in both the years. The effect of 

competition period on kernel yield of rice was also significant with maximum kernel yield in 

plots where weeds were not allowed to compete with crop throughout the season and were 

kept weed-free (W1) during both years. The differences between weed-free and competition 

period for 15 DAS were statistically similar and thereafter each increase in competition 

period significantly decreased the kernel yield and minimum was recorded in weedy check 

where weeds were allowed to compete throughout the growth period. 
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Fig 4.43: Relationship between competition period and 1000 kernel weight (g) in direct-
seeded rice as affected by competition period in 2008 
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Fig 4.44: Relationship between competition period and 1000 kernel weight (g) in direct-
seeded rice as affected by competition period in 2009 
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Table 4.41: Effect of sowing time and competition period on kernel length width ratio in 
direct-seeded rice 
 

 
LSD 5%    2008            
Sowing time       ns                        
Competition period   0.144                   
Interaction    0.204            
Means sharing the same letters in a column do not differ significantly at 0.05 probability 
level. 

Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns

Competition period 2008 and 2009 
Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week 
of June  

S3 = 1st 
week 

of July 

Mean 

W1 = No competition (Weed-free) 
4.59a 4.53ab 4.45ab 4.52A 

W2 = Competition for 15 DAS 4.51ab 4.47ab 4.39ab 4.46AB 

W3 = Competition for 30 DAS 4.45ab 4.40ab 4.36b 4.40AB 

W4 = Competition for 45 DAS 4.43ab 4.36b 4.29b 4.36B 

W5 = Competition for 60 DAS 4.36b 4.29b 4.29b 4.31B 

W6 = Competition throughout the season 
(Weedy check) 4.34b 4.26b 4.23b 4.28B 

Mean 4.45ns 4.38 4.34  
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  The interactive effect of weed competition periods and sowing time for kernel yield 

was also significant during both the years. The rice sown in first week of June showed 

maximum kernel yield of 2973 and 3176 kg ha-1 when no competition was allowed between 

rice crop and weeds (W1S1) during both years, respectively. While the least kernel yield 

(1578 and 1723 kg ha-1) was found in case of interactive effect of rice sown in first week of 

June and weeds were allowed to compete with crop throughout the growing season during 

both years. The differences between sowing time were non-significant at all competition 

period except competition 30 and 60 DAS during 2008 and 60 DAS during 2009. The 

differences between weedy check and competition for 60 DAS were non-significant for all 

the sowing dates except early sowing (S1) where weedy check resulted in significantly lower 

kernel yield during both the years. There were non significant differences in kernel yield for 

sowing time in all weed-crop competition periods except weed-crop competition period of 60 

DAS where there was a significant reduction in kernel yield as the sowing was delayed from 

first week of June to third week of June and even beyond. When crop was sown in first week 

of June showed non significant differences in weed-free and competition period of 15 DAS 

during both years. The other two sowing times also showed similar trend during both years. 

Furthermore, competition period of 15 DAS could not differ significantly from competition 

period of 30 DAS in all sowing times during both the years. With each increase in 

competition period upto harvest of the crop where crop was sown in first week of June 

resulted in a gradual decrease in kernel yield. The other two sowing times also revealed 

similar results. 

Increase in competition period decreased the kernel yield of rice with coefficient 

value of 86.35% and 87.38% during 2008 and 2009, respectively. Relationship between 

competition period and kernel yield was inversely related. As the competition period 

increased the kernel yield was decreased progressively during both years (Fig. 4.45 and 

4.46). Decrease in kernel yield by increase in competition period reveals that it might be due 

to resource sharing between crop and weeds.  
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Fig 4.45: Relationship between competition period and kernel yield (kg ha-1) in direct-
seeded rice as affected by competition period in 2008 
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Fig 4.46: Relationship between competition period and kernel yield (kg ha-1) in direct-
seeded rice as affected by competition period in 2009 
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Table 4.42: Effect of sowing time and competition period on 1000 kernel weight (g) in 
direct-seeded rice  
 

 
LSD5%    2008     2009 
Sowing time               0.430                                                   0.394          
Competition period   0.366           0.312        
Interaction    0.736     0.646 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

  

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

18.87a 18.72ab 18.63ab 18.74
A 

19.77a 19.41ab 19.28ab 19.49
A 

W2 = Competition for 15 
DAS 

18.15ab 18.02b 17.96b 18.04
B 

19.25ab 18.98b 18.67b 18.97
B 

W3 = Competition for 30 
DAS 

16.70c 16.38cd 15.42de 16.17
C 

17.41c 17.08c 16.89c 17.13
C 

W4 = Competition for 45 
DAS 

16.06cd 15.85d 13.07g 14.99
D 

16.93c 16.17d 13.97f 15.69
D 

W5 = Competition for 60 
DAS 

15.28de 13.27fg 13.14fg 13.90
E 

16.03de 14.06f 13.42f 14.50
E 

W6 = Competition 
throughout the season 
(Weedy check) 

13.86f 13.64fg 13.44fg 13.65
E 

15.17e 14.88e 13.94f 14.66
E 

Mean 16.49A 15.98B 15.28C  17.43A 16.76B 16.03C  
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4.2.1.5.11. Straw yield (kg ha-1) 

The year effect for straw yield was significant therefore the data of both years is 

discussed separately. Sowing time showed non significant differences for straw yield during 

both years. Competition period significantly affected the straw yield of rice (Table 4.44). 

Among competition period maximum straw yield (9629 and 10090 kg ha-1) was observed in 

weed-free treatment (W1) during 2008 and 2009, respectively while the significantly 

minimum straw yield (8672 and 8582 kg ha-1) was noted where weeds competed with crop 

throughout the growing season (W6) during 2008 and 2009, respectively. The straw yield was 

decreased with increase in competition period. 

When crop was sown in first week of June, maximum straw yield (9495 and 9987 kg 

ha-1) was found in weed-free treatment (W1S1) while the significantly minimum straw yields 

(8845 and 8367 kg ha-1) was observed where weeds competed with crop throughout the 

growing season during 2008 and 2009. The difference between straw yield of rice in plots 

where weeds competed for 60 DAS (W5S1) and throughout the season (W6S1) could not 

reach the level of significance during 2008. There were non significant differences in straw 

yield of rice for sowing time when rice competed with crop for 15 DAS, beside weed-free 

and weedy check treatments during 2008 and 2009. When crop was sown in first week of 

June showed non significant differences in weed-free and competition period of 15 and 30 

DAS during both years. Almost similar trend was noted in other two sowing times. With 

each increase in competition period upto harvest of the crop where crop was sown in first 

week of June revealed a gradual decrease in straw yield. The other two sowing times also 

revealed similar results. 

Increase in competition period decreased the straw yield of rice with coefficient value 

of 76.98% and 82.96% during 2008 and 2009, respectively. Decrease in straw yield by 

increase in competition period reveals that it might be due to resource sharing between crop 

and weeds (Fig 4.47 and 4.48).  



 141 

y = -7.4608x + 9480.7
R2 = 0.7698

8400

8600

8800

9000

9200

9400

9600

9800

0 20 40 60 80 100 120 140

Competition period (days)

St
ra

w
 y

ie
ld

 (k
g 

ha
-1

)
Straw yield
Linear (Straw yield)

 

Fig 4.47: Relationship between competition period and straw yield (kg ha-1) in direct-
seeded rice as affected by competition period in 2008 
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Fig 4.48: Relationship between competition period and straw yield (kg ha-1) in direct-
seeded rice as affected by competition period in 2009 
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4.2.1.5.12. Harvest Index (%) 

There was significant year effect therefore the data of harvest index of 2008 and 2009 

is separately discussed. It is evident from the data that sowing time and competition period 

significantly affected the harvest index of rice. Significantly the maximum harvest index of 

rice (21.36 and 22.02 %) was noted when crop was sown in first week of June (S1) during 

2008 and 2009, respectively. Delay in sowing time caused significant reduction in harvest 

index of rice crop with minimum (18.65 and 19.87%) when crop was sown in first week of 

July (S3) during 2008 and 2009, respectively. In weed-free (W1) treatment maximum harvest 

index (23.20 and 23.60%) was noted while harvest index decreased significantly with each 

increase in competition period during 2008 and 2009, respectively. The significantly 

minimum harvest index (15.61 and 17.13%) was obtained in weedy check (W6) in growing 

seasons of both years.   

The interaction between weed competition periods and sowing times were also 

significant during both the years. When crop was sown in first week of June and plots were 

kept weed-free (W1S1) yielded highest harvest index (23.85 and 24.13%) during 2008 and 

2009, respectively while the minimum (15.14 and 17.08%) was noted when weeds competed 

with crop till the crop harvest (W6S3) during 2008 and 2009, respectively. There were non 

significant differences in harvest index of rice for sowing time when rice competed with crop 

for 15 DAS along with weedy check during both years. Whereas, when crop was sown in 

first week of July with competition period of 30 DAS in 2008 differed significantly from rice 

plants sown in first and third week of June, 2008. When crop was sown in first week of June 

showed non significant differences in weed-free and competition period of 15 DAS during 

both years. Similar trend was noted in other two sowing times. With each increase in 

competition period upto harvest of the crop where crop was sown in first week of June 

showed a gradual decrease in harvest index. The other two sowing times also revealed 

similar results. 



 143 

Table 4.43: Effect of sowing time and competition period on kernel yield (kg ha-1) in 
direct-seeded rice 
 

 
LSD 5%    2008              2009 
Sowing time               78          90          
Competition period   165.6                     166.4        
Interaction    361.3                                                            359.9 
 

Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 2973a 2902ab 2847ab 

2907
A 3176a 3118ab 3052ab 3115A 

W2 = Competition for 
15 DAS 2921ab 2839ab 2807ab 

2856
A 3127ab 3045ab 3016ab 3063A 

W3 = Competition for 
30 DAS 2580b 2495bc 2378bc 

2484
B 2789b 2604bc 2587bc 2660B 

W4 = Competition for 
45 DAS 2410bc 2394bc 1919cd 

2241
C 2619bc 2603bc 2224cd 2482C 

W5 = Competition for 
60 DAS 2176c 1709d 1680d 

1855
D 2385c 1915d 1849d 2050D 

W6 = Competition 
throughout the season 
(Weedy check) 

1630d 1602d 1578d 
1603
E 1839d 1758d 1723d 1773E 

Mean 2448A 2324B 2202C  2656A 2507B 2409C  
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Table 4.44: Effect of sowing time and competition period on % reduction in kernel yield 
(kg ha-1) in direct-seeded rice 

Competition 
period 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No 
competition 
(Weed-free) 

2973a 2902ab 2847ab 
2907A 

3176a 3118ab 3052ab 3115A 

W2 = Competition 
for 15 DAS 

2921ab 

(-1.75) 

2839ab 

(-2.17) 

2807ab 

(-1.40) 

2856A 

(-1.75) 

3127ab 

(-1.54) 

3045ab 

(-2.34) 

3016ab 

(-1.18) 

3063A 

(-1.67) 

W3 = Competition 
for 30 DAS 2580b 

(-13.22) 

2495bc 

(-14.02) 

2378bc 

(-16.47) 

2484B 

(-
14.55) 

2789b 

(-12.19) 

2604bc 

(-16.48) 

2587bc 

(-15.24) 

2660B 

(-
14.61) 

W4 = Competition 
for 45 DAS 2410bc 

(-18.94) 

2394bc 

(-17.51) 

1919cd 

(-32.60) 

2241C 

(-
22.91) 

2619bc 

(-17.54) 

2603bc 

(-16.52) 

2224cd 

(-27.13) 

2482C 

(-
20.32) 

W5 = Competition 
for 60 DAS 2176c 

(-26.81) 

1709d 

(-41.11) 

1680d 

(-40.99) 

1855D 

(-
36.19) 

2385c 

(-24.91) 

1915d 

(-38.58) 

1849d 

(-39.42) 

2050D 

(-
34.19) 

W6 = Competition 
throughout the 
season (Weedy 
check) 

1630d 

(-45.17) 

1602d 

(-44.80) 

1578d 

(-44.57) 

1603E 

(-
44.86) 

1839d 

(-42.10) 

1758d 

(-43.62) 

1723d 

(-43.55) 

1773E 

(-
43.08) 

Mean 

2448A 

2324B  

 (-5.07) 

2202C 

(-10.05)  2656A 

2507B 

(-5.61) 

2409C 

(-9.30) 
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Table 4.45: Effect of sowing time and competition period on straw yield (kg ha-1) in 
direct-seeded rice  

 

 
LSD5%    2008       2009 
Sowing time               ns                                                          ns          
Competition period   545.3              509.2         
Interaction    680.1                  629.6 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

ns = non significant 
 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 9495a 9436a 9957a 

9629
A 9987ab 9992ab 10291a 

10090
A 

W2 = Competition for 
15 DAS 9390ab 9425a 9885a 

9567
A 9917ab 9873ab 10157ab 9982A 

W3 = Competition for 
30 DAS 8861ab 8952ab 9539a 

9117
AB 9280b 8898c 9753ab 9310B 

W4 = Competition for 
45 DAS 8679b 8861ab 9427a 

8989
B 8872c 9076b 9540b 9163B 

W5 = Competition for 
60 DAS 8586b 8719b 9159ab 

8821
B 9005b 8577c 9369b 8983B 

W6 = Competition 
throughout the season 
(Weedy check) 

8513b 8658b 8845ab 
8672
B 8880c 8498c 8367c 8582C 

Mean 8921ns 9009 9469  9323ns 9152 9579  
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Table 4.46: Effect of sowing time and competition period on harvest index (%) in 
direct-seeded rice 

 

 
LSD 5%     2008     2009 
Sowing time                           1.053                                                   1.220          
Competition period    0.958            0.989        
Interaction     1.252     1.567 
 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 23.85a 23.52ab 22.24b 

23.20
A 24.13a 23.78ab 22.88ab 

23.60
A 

W2 = Competition for 
15 DAS 23.73ab 23.15ab 22.12b 

23.00
A 23.98a 23.57ab 22.90ab 

23.48
A 

W3 = Competition for 
30 DAS 22.55b 21.80b 19.96c 

21.44
B 23.11ab 22.64ab 20.97b 

22.24
B 

W4 = Competition for 
45 DAS 21.74b 21.27bc 16.91d 

19.97
C 22.80a 22.29b 18.91c 

21.33
B 

W5 = Competition for 
60 DAS 20.22c 16.39de 15.50e 

17.37
D 20.94b 18.25cd 16.48d 

18.56
C 

W6 = Competition 
throughout the season 
(Weedy check) 

16.07de 15.61e 15.14e 
15.61
E 17.16d 17.14d 17.08d 

17.13
D 

Mean 21.36A 20.29B 18.65C  22.02A 21.28A 19.87B  
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Discussion 

The plant height of rice decreased with delay in sowing time. The significantly 

maximum plant height in rice sown in first week of June might be due to more time available 

for crop growth and development while minimum plant height when rice sown in first week 

of July during both years might be due to less time available for vegetative growth of crop. 

As reproductive phase starts in response to photoperiods so the time for vegetative growth 

was different for crop sown at different times. It forced the plant to shift towards the 

reproductive phase at varying time intervals to complete the life cycle there by causing 

reduction in plant height of rice sown at different sowing times. 

Significantly maximum plant height in weed-free treatment might be owing to no 

competition by weeds as weeds were continuously removed throughout the growing season 

and were not allowed to compete with rice crop throughout the growing period. Therefore, 

rice plants had all the resources available for better growth and development. The growth 

resources were efficiently utilized by crop so maximum plant height was noted in weed-free 

treatment. While the minimum plant height of rice in weedy check could be attributed to 

season log competition offered by weeds to crop. The growth resources were shared by both 

crop and weeds rather efficient manner by weeds which reduced the growth of rice plants so 

minimum plant height was noted. Mishra (2000) reported that plant height was reduced with 

increasing density of the weed. The threshold density of junglerice for crop sown on 14 July 

was 262 plants m-2 in first year which was greatly reduced to 37 plants m-2 in second year for 

rice sown on 29 June. 

Significantly more number of tillers in 2009 as compared with 2008 could be related 

to less rainfall during 2009 which prevented lot of the weed seeds to germinate thereby better 

growth of crop while in 2008 at early establishment stage of the crop the high rainfall caused 

most of the weed seed bank in soil to sprout and germinate subsequently covering the soil 

more vigorously and profusely than rice crop. Significantly maximum number of tillers of 

rice crop sown in first week of June might be due to the reason that more time was available 

to crop for completing various growth processes. As crop sown in first week of July had 

comparatively less time available for growth and development therefore, produced less 

number of tillers. As fine time was delayed the rainfall was increased which promoted the 
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germination and early establishment of weeds in field with smothering effects on crop 

thereby affecting the growth and metabolic processes of rice crop resulting in subsequent 

reduction in total number of tillers. Among competition period maximum number of tillers in 

weed-free treatment during 2008 and 2009 could be due to the reason that weeds were 

continuously removed from field and not allowed to compete with crop.  

All the growth resources were solely utilized by crop while in weedy check minimum 

number of tillers indicates that as weeds competed with crop throughout the growing season 

so components of growth were utilized efficiently by weeds. As the weed-crop competition 

period was increased more time was available for weeds to fetch the resources of growth and 

reduced the growth of rice. As weeds competed with crop throughout the growing season 

therefore growth of crop was suppressed by weeds. In weed-free plots as there were no 

weeds therefore crop growth rate and net assimilation rate was maximum which also helped 

in improving the number of tillers per unit area. Whereas, the competition period increased, 

the resource sharing was steadily increased with weeds which caused a gradual reduction in 

growth rate of the crop and assimilatory activity thereby reducing the net assimilation rate. 

Yield components like tillers number m-2, number of filled grains panicle-1 and 1000-grain 

weight was found in the decreasing trend from the seeding of 15th of June onward (Mishri 

and Kailash, 2005). Azmi (1988) showed that E. crus-galli reduced the number of tillers. 

Results were further supported by Azmi and Mashhor, 1990, who stated that barnyardgrass 

densities of 15 and 25 plants m-2 significantly reduced the number of tillers of rice cultivar 

MR at maturity. 

Maximum number of productive tillers m-2 when rice sown in first week of June 

during both years could be attributed to more time available to crop for growth and 

development which caused quick and better canopy cover at early stage of growth thereby 

suppressing weeds and subsequent increase in number of productive tillers per m2 while 

when rice was sown in first week of July, less time was available to crop for covering the soil 

and providing the canopy closure and high rainfall at early stage also favored the weed 

germination and growth resulting in higher density and greater competition. Thereby, weeds 

cover on soil reduced the growth of crop and ultimately the stand of the crop. Significantly 

the maximum number of productive tillers per m-2 in weed-free treatment was due to 
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availability of growth resources to crop only where crop efficiently used al the resources as 

weeds were kept out of filed by continuous removal until harvest. As the period of allowing 

weeds to compete with crop increased the resources were also utilized by weeds with each 

increase in competition period in weedy check where weeds competed with crop until harvest 

of the crop significantly lowest number of productive tillers per m2 was observed due to 

competition for resources between crop and weeds. Significantly less number of productive 

tillers in year 2008 over 2009 could be attributed to frequent and more rainfall in 2008 which 

favored the germination and vegetative growth of weed resulting in greater biological stress 

due to weeds.  

Delay in sowing and increase in competition period decreased number of spikelets per 

panicle. The growth was suppressed and panicle length was decreased with increase in weed 

competition and ultimately resulted in lower number of spikelets per spike. Azmi (1988) 

showed that Echinochloa crus-galli reduced the number of spikelets per panicle. Kwon et al., 

(1991) indicated that grain yield of two rice cultivars i.e. Newbonnet and Lemont was 

reduced because of less number of grains per panicle as a result of interference of red rice 

densities of 1- 40 plants m-2. 

Delay in sowing and increase in competition period with significant reduction in 

panicle length of rice could be attributed to less time available for growth of crop along with 

more competition between crop and weeds. Kwon et al., (1991) indicated that grain yield of 

rice cultivars was reduced because of less panicle number, length and number of grains per 

panicle because of red rice interference with rice crop. 

With increasing competition period decrease in kernel length was due to resource 

sharing with more share of weeds with each increase in competition period. More kernel 

length and less kernel width caused increase in kernel length width ratio and vice versa. In 

2008, 1000 kernel weight was relatively less and significantly lower than in growing season 

of 2009. It might be attributed to relatively high rainfall during early growth period which 

favored the growth of and emergence of weeds. So a subsequently reduction in growth and 

development of crop was recorded. Furthermore, among sowing times the significantly more 

1000 kernel weight at first week of June sowing could be attributed to more time available 

for normal growth and development of rice. While delaying the sowing from first week of 
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June to first week of July caused significant reduction in 1000 kernel weight due to gradual 

decrease in time available for crop growth and development to function efficiently and 

shifted to reproductive phase in less days with less assimilates and photosynthates in kernels. 

Reduction in kernel length and kernel length width ratio might also have caused reduction in 

1000 kernel weight with each increase in competition period. Results are quite in consonance 

with the findings of Mishri and Kailash, 2005, who reported that yield components of rice 

like tillers number m-2, number of filled grains panicle-1 and 1000-grain weight was found in 

the decreasing trend from the seeding of 15th of June onward. 

Delay in sowing with significant reduction in kernel yield could be attributed to the 

fact that as the time available for normal growth and development was reduced the plants 

tried to complete its life cycle therefore forced early shift towards reproductive stage with 

less photosynthates accumulation. With delay in sowing spikelets per panicle, panicle length 

and 1000 kernel weight was significantly reduced thereby causing a significant reduction in 

kernel yield. Due to increase in competition duration between crop and weeds kernel yield 

decreased significantly from 1.75% to 44.86% during 2008 and from 1.67% to 43.08% 

during growing season of 2009. Increase in weed-crop competition caused increase in 

resource sharing by weeds reaching the growth and development of crop plants ultimately 

less number of productive tillers, spikelets per panicle, panicle length and 1000 kernel 

weight. At 15 DAS there was not enough and severe loss caused by weeds as at that stage 

weeds were relatively small and did not significantly fetched the growth resources of rice, 

therefore the interactive effect of sowing time and weed-crop competition of weed-free plots 

and crop for 15 DAS showed non significant differences. Resource sharing was increased 

with each increase in competition period therefore kernel yield showed a linear and 

significant reduction in kernel yield as a result of interactive effect of sowing time and 

competition period. Among sowing times maximum kernel yield in first week of June in both 

years might be due to sufficient time available for crop to complete the physiological 

processes.  

Maximum kernel yield in weed-free was due to no competition with weeds as weeds 

were not allowed to grow and crop plants have chance to utilize the resources fully, while 

minimum yield in weedy check was due to presence of weeds throughout the growing season 
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which might have depleted the moisture and nutrients. The significant reduction in kernel 

yield obtained in 2008 over 2009 might be owing to lower 1000 kernel weight, panicle 

length, number of spikelets per panicle, kernel length and number of productive tillers per m2 

in 2008. Delayed or early sowing will disturb the specification paving the way for weeds to 

suppress the crop plants by covering the field and competing for limited resources and 

decreasing grain yield (Bhurer et al., 1990). Azmi (1988) showed that E. crus-galli reduced 

the number of tillers, panicles, spikelets per panicle and reduction in yield was 41% 

compared with losses from broad-leaved weeds (28%) and sedges (10%). He further showed 

that weed-free duration of 40-45 days is required for obtaining good yield. According to 

Azmi and Mashhor (1990) and Shalke and Bhousle (1989) hand weeding during 15-30 days 

after sowing gave maximum yield of rice and it was found to be the most critical period of 

weed-crop competition. The threshold level of the weed junglerice (E. colona L.) was 

investigated in direct-seeded upland rice by Mishra (2000). He reported that panicle number; 

plant height and grain yield was reduced with increasing density of the weed.  

The threshold density of junglerice for crop sown on 14 July was 262 plants m-2 in 

first year which was greatly reduced to 37 plants m-2 in second year for rice sown on 29 June. 

Likewise Stauber et al., (1991) showed that Echinochloa cruss-galli reduced kernel yield of 

Lemont, a semi dwarf cultivar, more than newbonnet a short statured cultivar approximately 

3000 and 4500 kg ha-1, respectively because of 19 and 22 barnyardgrass plants m-2, 

respectively. Grain yields of Lemont and newbonnet were reduced by barnyardgrass densities 

of 40 plants m-2 but were not affected more beyond this level. Straw yield of Lemont cultivar 

was reduced more than that of cultivar newbonnet by barnyardgrass, 50% reduction to 

approximately 4000 and 4500 kg ha-1, respectively due to approximately 23 and 42 

barnyardgrass plants m-2, respectively. Barnyardgrass densities of 15 and 25 plants m-2 

significantly reduced the number of tillers of rice cultivar MR at maturity. Only 10 

barnyardgrass plants m-2 were needed to reduce yield up to 18.7% (i.e. 1 t ha-1), negative 

relationship between number of panicles m-2 and rice yield and between dry weight of 

barnyardgrass panicles m-2 was also negatively correlated with number of rice panicles m-2 

(Azmi and Mashhor, 1990).  
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Reduction in straw yield delay in sowing time from first week of June to first week of 

July might be due to the reason that as time available for growth and development of rice is 

reduced, the size of assimilatory system and photosynthates accumulation is reduced. 

Increase in competition period caused the growth resource sharing by weeds and crop 

thereby decreasing the growth and development of crop. Results are supported by the 

findings of Stauber et al., (1991) showed that E. cruss-galli reduced straw yield of Lemont 

cultivar more than that of cultivar newbonnet, 50% reduction to approximately 4000 and 

4500 kg ha-1 , respectively due to approximately 23 and 42 barnyardgrass plants m-2 , 

respectively. Significantly higher harvest index (HI) in 2009 was due to higher kernel yield. 

Other yield components like 1000 kernel weight, kernel length, panicle length, number of 

spikelets per panicle and number of productive tillers per m-2 etc also were responsible for 

higher HI in 2009 than in 2008.   

4.2.1.6. Quality Parameters 

4.2.1.6.1. Sterile spikelets (%) 

There was significant difference between years for data of sterile spikelets so data is 

discussed separately. Sowing time and competition period significantly affected the sterile 

spikelets in rice (Table 4.47). The maximum sterile spikelets (10.42 and 8.14%) were found 

when crop was sown on first week of July (S3) during both 2008 and 2009, respectively. 

When crop was sown in first week of June (S1) showed least sterile spikelets (10.04 and 

7.80%) among sowing times during 2008 and 2009, respectively. Delaying the sowing time 

from first week of June to first week of July increased the sterile spikelets of rice. 

Competition of crop with weeds throughout the growing season (W6) showed 

maximum sterile spikelets (11.83 and 8.59%) during 2008 and 2009, respectively. The 

minimum sterile spikelets (8.27 and 7.19%) were obtained in plots where no weed 

competition was imposed to crop at all (W1) during 2008 and 2009, respectively. With each 

increase in competition period sterile spikelets were also increased. Similar trend for 

interactive effect of sowing time and competition period was observed. 

The interactive effect of weed competition periods and sowing time was also 

significant during both the years. The maximum sterile spikelets in weedy check when crop 
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was sown in first week of July (W6S3) during both the years. The lowest sterile spikelets 

(8.10 and 7.06) were observed in weed-free treatment sown in 1st week of June (W1S1) 

during 2008 and 2009. There was non significant difference between sterile spikelets of rice 

when subjected to weed-free condition sown in first and third week of June (W1S1 and W1S2) 

during year 2008. Same trend was also observed for these sowing dates at competition period 

for 30, 45, 60 DAS and throughout the season. While in 2009 there were non significant 

differences for all sowing times in weed-free plots. All other competition periods and weedy 

check also showed non significant difference when sown on all dates. There were significant 

differences in sterile spikelets for sowing time at different competition periods during both 

years. When crop was sown in first week of June showed non significant differences in 

competition period of 45 and 60 DAS during both years. While the other two sowing times 

vary with competition periods during both years. With each increase in competition period 

upto harvest of the crop when sown in first week of June resulted in increase in sterile 

spikelets. Other two sowing times also showed similar trend. 

Increase in competition period decreased the spikelets per panicle with coefficient 

value of 91.54% and 91.37% during 2008 and 2009, respectively. Decrease in spikelets per 

panicle by increase in competition period reveals that it might be due to resource sharing 

between crop and weeds (Fig 4.49 and 4.50).  

4.2.1.6.2. Abortive kernels (%) 

Data presented in table 4.49 revealed that there was significant difference between 

years for data on abortive kernels. There was significant difference for sowing time in 2008 

but in 2009 there was non significant difference. Significantly maximum abortive kernels 

(4.03%) were noted when crop was sown in first week of July (S3). While minimum (3.70%) 

was recorded in first week of June (S1) in 2008.  

Competition period also affected the abortive kernel significantly during both years. 

The maximum abortive kernels (4.42 and 3.06%) were recorded in weedy check (W6) while 

minimum (3.20 and 2.18%) were recorded in weed-free plots (W1) during both years 2008 

and 2009, respectively. There was non-significant difference between plots where weeds 

competed with crop for 45 and 60 DAS during 2008 and 2009.   
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Interactive effect of sowing time and competition period showed maximum number 

of abortive kernels (4.74 and 3.04%) when sown in first week of July during 2008 and 2009. 

While the minimum were observed when sown in first week of June and no weeds were 

allowed to compete with crop throughout the growing season (3.01 and 2.09%), respectively 

in 2008 and 2009. There were non significant differences in abortive kernels for sowing time 

when rice competed with crop for 45 DAS during both years. Whereas, all other competition 

periods varied significantly during both years with significant differences in different sowing 

times. 

The interaction between weed competition periods and sowing times was also 

significant during both the years. There was significant difference for abortive kernels when 

sown in first and third week of June in 2008 in weed-free plots (W1S1 and W1S2) while in 

third week of June and first week of July in weedy check (W6S2 and W6S3). Crop sown in 

third week of June and first week of July showed non significant differences in weed-free 

plots (W1S2 and W1S3) and where weeds were allowed to compete with crop for 15 DAS and 

60 DAS , respectively (W2S2 and W5S3). While other competition periods showed non 

significant differences for all sowing times in 2008. Same trend was also noted in 2009 

except when weeds competed with crop for 30 DAS, sowing at first week of July showed 

significant differences from other two sowing times. When crop was sown in first week of 

June showed non significant differences in competition period of 15 and 30 DAS during both 

years. Furthermore, competition period of 45 and 60 DAS also were statistically similar for 

abortive kernels. The other two sowing times also revealed similar trend during both years. 

With each increase in competition period upto harvest of the crop when sown in first week of 

June resulted in increase in abortive kernels. Other two sowing times also showed similar 

results. 
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Fig 4.49: Relationship between competition period and spikelets per panicle in direct-
seeded rice as affected by competition period in 2008 
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Fig 4.50: Relationship between competition period and spikelets per panicle in direct-
seeded rice as affected by competition period in 2009 
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Table 4.47:  Effect of sowing time and competition period on number of sterile spikelets 
in direct-seeded rice  
 

 
LSD5%    2008                 2009 
Sowing time    0.128                                                              0.248         
Competition period   0.131             0.239        
Interaction    0.204                                                             0.351 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

8.10j 8.26j 8.45i 8.27F 7.06e 7.13e 7.37de 7.19D 

W2 = Competition for 
15 DAS 

9.33h 9.47gh 9.64g 9.48E 7.51d 7.66cd 7.82cd 7.66C 

W3 = Competition for 
30 DAS 

9.95f 10.08f 10.37e 10.13
D 

7.75cd 7.87c 7.99bc 7.87B
C 

W4 = Competition for 
45 DAS 

10.47e 10.54e 10.91d 10.64
C 

7.95c 8.11bc 8.27bc 8.11B 

W5 = Competition for 
60 DAS 

10.73de 10.85d 11.17c 10.92
B 

8.16bc 8.33b 8.55ab 8.35A
B 

W6 = Competition 
throughout the season 
(Weedy check) 

11.69b 11.82ab 12.00a 11.83
A 

8.38ab 8.54ab 8.85a 8.59A 

Mean 10.04B 10.17B 10.42A  7.80B 7.94AB 8.14A  
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4.2.1.6.3. Opaque kernels 

There was a significant year effect for opaque kernels. Non significant difference was 

observed among sowing times for opaque kernels during both the years. The competition 

period showed significant difference and the maximum opaque kernels (9.20 and 6.06%) 

were observed in weedy check (W6) in both years. While the significantly minimum (6.84 

and 5.29%) was observed where no weeds competed with crop throughout the growing 

season and kept weed-free (W1) during 2008 and 2009, respectively. 

The interactive effect of sowing time and competition period showed significantly 

maximum (9.57 and 6.34%) opaque kernels when sown in first week of July when weed-crop 

competition throughout the growing season was offered (W6S3) during both years. 

Significantly lowest number of opaque kernels 6.74 and 5.20% were noted when crop was 

sown in first week of June under weed-free condition (W1S1) during 2008 and 2009, 

respectively. Crop sown on all dates showed non significant differences among themselves 

when sown in weed-free condition and similar trend was noted up to the weed-crop 

competition period for 60 DAS during 2008, however, during 2009 the differences among 

sowing times were non significant at all the competition periods. When crop was sown in 

first week of June showed non significant differences in competition period of 15 and 30 

DAS during both years. Other two sowing times also showed similar results. With each 

increase in competition period upto harvest of the crop when sown in first week of June 

resulted in increase in opaque kernels. Other two sowing times also showed similar trend. 

4.2.1.6.4. Normal kernels (%) 

Year effect, sowing time and competition period showed significant effects. Sowing 

time and competition period resulted in significant difference during both years. Significantly 

maximum number of normal kernels was observed when crop was sown in first week of June 

(S1) during both years. There was non significant difference for normal kernels when sown in 

first and third week of third week of June (S2) during 2009. Significantly the lowest number 

of normal kernels was observed when crop was sown in first week of July (S3) during both 

years. 
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Significantly the maximum normal kernels (63.78 and 66.33%) were recorded in 

weed-free plots (W1) in 2008 and 2009, respectively. There was significant reduction in 

normal kernels with each increase in competition period. Significantly minimum normal 

kernels (44.78 and 54.11%) were recorded in weedy check during both years, respectively.  

Interactive effect of weed-free condition sown in first and third week of June (W1S1 

& W1S2) showed non significant difference for normal kernels in 2008 and 2009. Similar 

trend was also observed when weeds were allowed to compete with crop for 30 and 45 DAS. 

In 2009, there was non significant difference between crop sown in first and third week of 

June on all competition periods. While crop sown in first week of July showed significantly 

lower number of normal kernel. There were significant differences in normal kernels for 

sowing time at all weed-crop competition periods during both years. When crop was sown in 

first week of June showed significant differences in all competition periods. With each 

increase in competition period upto harvest of the crop when sown in first week of June 

resulted in gradual reduction in normal kernels. Other two sowing times also showed similar 

trend. 

4.2.1.6.5. Kernel protein contents (%) 

Year effect, sowing time and competition period gave significant results. Sowing time 

and competition period resulted in significant difference during both years. Among various 

sowing times under observation kernel protein contents were maximum (7.27 and 8.05%) in 

plots where rice was sown in first week of June (S1) during 2008 and 2009, respectively. It 

was statistically at par with sowing at third week of June (S2). In year 2008 crop sown 

directly in first week of July (S3) showed significantly the minimum and different kernel 

protein contents than the other two sowing times. While in 2009 crop sown in first week of 

July was statistically similar to crop sown in third week of July for kernel protein contents.  

Competition period also significantly affected the kernel protein contents with significantly 

maximum (8.00 and 8.40%) in weed-free plots (W1) during both years, respectively which 

was statistically different from rest of the treatments. While the kernel protein gradually 

decreased as the competition period increased. Significantly minimum kernel protein 
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contents were recorded in kernels of weedy check plots (W6) (6.16 and 7.45%) during 2008 

and 2009, respectively. 

Interactive effect of sowing time and competition period was also significant with maximum 

values (8.23 and 8.61%) in 2008 and 2009, respectively in weed-free plots when sown in first 

week of June (W1S1). In year 2008 crop sown in first and third week of June and kept weed-

free showed statistically similar results for kernel protein (W1S1 and W1S2, respectively) but 

it was not the case in 2009 for the same treatments. While there was gradual decrease with 

each increasing competition period between crop and weeds. Significantly minimum kernel 

protein (5.93 and 7.31 %) was observed in weedy check plots when sown in first week of 

July (W6S3) during 2008 and 2009, respectively. The crop sown in third week of June and 

first week of July during 2009 in weedy check plots (W6S2 and W6S3) showed statistically 

similar kernel protein contents. There were significant differences in kernel protein contents 

for sowing time during both years.  

When crop was sown in first week of June showed non significant differences in 

competition periods of 30 and 45 DAS during both years. Almost similar trend was found in 

other sowing times during both years. With each increase in competition period upto harvest 

of the crop when sown in first week of June resulted in gradual decrease in kernel protein. 

Other two sowing times also showed similar trend. 

Increase in competition period decreased the kernel protein with coefficient value of 

81.74% and 83.71% during 2008 and 2009, respectively. Decrease in kernel protein contents 

by increase in competition period reveals that it might be due to resource sharing between 

crop and weeds (Fig 4.51 and 4.52). 
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Table 4.48: Effect of sowing time and competition period on number of opaque kernels 

in direct-seeded rice  

 
 
LSD5%               2008     2009 
Sowing time               ns                                                         ns          
Competition period   0.402            0.432        
Interaction    0.494     0.540 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

6.74f 6.84ef 6.95ef 6.84D 5.20c 5.28bc 5.40bc 5.29B 

W2 = Competition for 
15 DAS 

7.24e 7.43de 7.60de 7.42C 5.39bc 5.48bc 5.64bc 5.50B 

W3 = Competition for 
30 DAS 

7.57de 7.75d 7.94cd 7.75C 5.53bc 5.62bc 5.78b 5.64A
B 

W4 = Competition for 
45 DAS 

8.08cd 8.28c 8.38c 8.25B 5.68bc 5.81ab 5.89ab 5.79A
B 

W5 = Competition for 
60 DAS 

8.83bc 9.00b 9.25ab 9.02A 5.80ab 5.87ab 6.01ab 5.89A
B 

W6 = Competition 
throughout the season 
(Weedy check) 

8.93b 9.10ab 9.57a 9.20A 5.88ab 5.97ab 6.34a 6.06A 

Mean 7.90ns 8.07 8.28  5.58ns 5.67 5.84  
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Table 4.49: Effect of sowing time and competition period on number of abortive kernels 
in direct-seeded rice 

 
 
LSD 5%    2008     2009 
Sowing time               0.164            ns          
Competition period   0.148            0.180         
Interaction    0.204                                                 0.354 
 

Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

3.01f 3.23e 3.35e 3.20E 2.09c 2.19c 2.27c 2.18E 

W2 = Competition for 
15 DAS 

3.43e 3.59de 3.73d 3.58D 2.23c 2.40c 2.54bc 2.39D 

W3 = Competition for 
30 DAS 

3.63de 3.79d 3.85cd 3.76C 2.43c 2.59bc 2.71bc 2.58C 

W4 = Competition for 
45 DAS 

3.90cd 3.99cd 4.20bc 4.03B 2.59bc 2.71bc 2.82b 2.70B
C 

W5 = Competition for 
60 DAS 

4.04c 4.18bc 4.32b 4.18B 2.71bc 2.78bc 2.91ab 2.80B 

W6 = Competition 
throughout the season 
(Weedy check) 

4.18bc 4.33b 4.74a 4.42A 3.26a 2.89b 3.04ab 3.06A 

Mean 3.70B 3.85B 4.03A  2.55ns 2.59 2.71  
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Fig 4.51: Relationship between competition period and kernel protein (%) in direct-
seeded rice as affected by competition period in 2008 
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Fig 4.52: Relationship between competition period and kernel protein (%) in direct-
seeded rice as affected by competition period in 2009 
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Table 4.50: Effect of sowing time and competition period on number of normal kernels 
in direct-seeded rice 
 

 
LSD 5%    2008     2009 
Sowing time               1.214           0.956          
Competition period   1.123            0.872         
Interaction    1.528                                                 1.118 
 

Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

65.33a 64.00a 62.00b 63.78
A 

67.33a 66.67a 65.00b 66.33
A 

W2 = Competition for 
15 DAS 

58.33c 56.00d 54.00e 56.11
B 

64.33b 64.00b 61.67c 63.33
B 

W3 = Competition for 
30 DAS 

54.00e 53.00ef 52.00f 53.00
C 

62.00c 62.00c 59.33d 61.11
C 

W4 = Competition for 
45 DAS 

51.33fg 50.00g 48.00h 49.78
D 

60.00d 60.00d 57.00e 59.00
D 

W5 = Competition for 
60 DAS 

49.00g 48.00h 45.00i 47.33
E 

58.00e 59.00de 55.33f 57.44
E 

W6 = Competition 
throughout the season 
(Weedy check) 

47.00h 45.00i 42.33j 44.78
F 

55.00f 54.67f 52.67g 54.11F 

Mean 54.17A 52.67B 50.56C  61.11A 61.06A 58.50B  
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4.2.1.6.6. Chalky kernels (%) 

Year effect, sowing time and competition period resulted in significant differences. 

Sowing time and competition period resulted in significant difference during both years. 

Significantly maximum chalky kernels (25.83 and 24.49%) were observed in weedy check 

(W6) during both years. While significantly minimum (22.67 and 22.59%) were observed 

when weeds were continuously removed from plots and kept weed-free (W1) throughout the 

growing season of 2008 and 2009, respectively. Effect of competition period in interaction 

with sowing times showed statistically significant and different results with maximum (26.33 

and 24.60%) in both years, respectively when crop was sown in first week of July and kept 

under weedy check condition (W6S1). While significantly lowest (24.42 and 22.36%) was 

noted in weed-free condition when crop was sown in first week of June (W1S1) during both 

years, respectively. The differences among sowing times were non-significant at all weed 

competition periods during both the years.  

The differences among weed competition periods were also non-significant when 

crop was sown in 1st and 3rd week of June (S1 & S2). There were non significant differences 

in chalky kernels for sowing time in all weed-crop competition periods during both years. 

When crop was sown in first week of June showed non significant differences in most of the 

competition periods. Similar trend was also found in other sowing times. With each increase 

in competition period upto harvest of the crop when sown in first week of June resulted in 

increase in chalky kernels. Other two sowing times also showed similar results. 

4.2.1.6.7. Kernel amylose (%) 

There was non significant difference between years for kernel amylose so the data of 

both years is pooled to get the mean values. As it is evident from the data presented in table 

4.53 there was statistically non significant difference of sowing time for amylase contents. 

The amylase contents varied from 21.24 to 22.57 among different weed competition 

treatments however; these differences could not reach to the level of significance. The 

interaction between weed competition periods and sowing time for amylose contents were 

also non-significant. There were non significant differences in kernel amylose for sowing 

time at all competition periods.  
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Table 4.51: Effect of sowing time and competition period on kernel protein contents 
(%) in direct-seeded rice 
 

 
LSD5%    2008     2009 
Sowing time               0.226                                                   0.187          
Competition period   0.207            0.175  
Interaction    0.289                                                 0.204 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

8.23a 8.02ab 7.75b 8.00A 8.61a 8.38b 8.20bc 8.40A 

W2 = Competition for 
15 DAS 

7.78b 7.47c 7.07d 7.44B 8.35b 8.21bc 8.02cd 8.20B 

W3 = Competition for 
30 DAS 

7.45c 7.12d 6.94d 7.17C 8.08c 7.96cd 7.75de 7.93C 

W4 = Competition for 
45 DAS 

7.30cd 7.05d 6.55e 6.97C 7.90cd 7.82d 7.63de 7.78C
D 

W5 = Competition for 
60 DAS 

6.54e 6.48ef 6.08fg 6.37D 7.79d 7.67de 7.51ef 7.66D 

W6 = Competition 
throughout the season 
(Weedy check) 

6.32ef 6.23f 5.93g 6.16D 7.56e 7.46ef 7.31f 7.45E 

Mean 7.27A 7.06A 6.72B  8.05A 7.92AB 7.74B  
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Table 4.52: Effect of sowing time and competition period on chalky kernels (%) in 
direct-seeded rice  

 
 
LSD 5%    2008     2009 
Sowing time    ns          ns          
Competition period   1.429             1.872        
Interaction    1.953      1.752 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 22.42b 22.74b 22.85b 22.67

C 22.36b 22.68b 22.72b 22.59
B 

W2 = Competition for 
15 DAS 22.83b 23.02b 23.24b 23.03

BC 22.80b 22.89ab 23.11ab 22.93
AB 

W3 = Competition for 
30 DAS 23.03b 23.32b 23.75b 23.37

BC 23.00ab 23.36ab 23.56ab 23.30
AB 

W4 = Competition for 
45 DAS 24.06b 24.21b 24.56ab 24.28

B 23.85ab 24.04ab 24.09ab 24.00
AB 

W5 = Competition for 
60 DAS 24.64ab 24.98ab 25.18ab 24.93

AB 24.20ab 24.39ab 24.41ab 24.34
AB 

W6 = Competition 
throughout the season 
(Weedy check) 

25.30ab 25.85ab 26.33a 25.83
A 24.34ab 24.52ab 24.60a 24.49

A 

Mean 23.71ns 24.02 24.32   23.43ns 23.65 23.75  



 167 

 4.2.1.6.8. Kernel water absorption ratio 

Year effect, sowing time and competition period were significant. Sowing time and 

competition period resulted in significant difference during both years. The maximum kernel 

water absorption ratio was recorded in weed-free plots (W1) where no weeds were allowed to 

compete with crop throughout the growing season during both the years. With increasing 

competition period, kernel water absorption ratio was decreased. Significantly the minimum 

ratio was found in weedy check (W6) (3.08 and 3.11), respectively during both years. 

The maximum kernel water absorption ratio (3.56 and 4.03) was noted during both 

years, respectively when crop was seeded in first week of June. There was non significant 

difference between the ratio when rice was sown in first and third week of June during 2008. 

There were non significant differences for ratio when crop was sown in third week of June 

and first week of July during both years, respectively. Interactive effect of both factors gave 

maximum kernel water absorption ratio (3.89 and 4.72) in weed-free plots of rice at first 

week of June (W1S1) during both years, respectively. There was non significant difference 

for sowing time during growing seasons of both years when weeds competed with crop until 

15 DAS. Same was also true in plots where weeds competed with crop for 45 DAS during 

growing seasons of 2008 and 2009. There were non significant differences in kernel water 

absorption ratio for sowing time when rice competed with crop for 15 and 45 DAS during 

both years. Whereas, the remaining competition periods resulted in significant differences as 

the sowing was delayed from first week of June to first week of July during growing seasons 

of both the years. 

When crop was sown in first week of June showed non significant differences in 

competition period of 45 and 60 DAS during both years. Other sowing times also followed 

the same pattern. With each increase in competition period upto harvest of the crop when 

sown in first week of June resulted in reduction in kernel water absorption ratio. Other two 

sowing times also showed similar trend. 
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Table 4.53: Effect of sowing time and competition period on kernel amylose (%) in 
direct-seeded rice   
 

 
 

LSD5%    2008      
 Sowing time               ns            

Competition period   ns             
Interaction    ns      
Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns 

ns = non significant 

Competition period 2008 and 2009 
Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week 
of June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition (Weed-free) 21.05ns 21.28 21.40 21.24ns 

W2 = Competition for 15 DAS 21.54 21.71 21.97 21.74 

W3 = Competition for 30 DAS 21.83 21.94 22.10 21.96 

W4 = Competition for 45 DAS 22.02 22.13 22.31 22.15 

W5 = Competition for 60 DAS 22.20 22.38 22.52 22.37 

W6 = Competition throughout the 
season (Weedy check) 

22.36 22.59 22.75 22.57 

Mean 21.83ns 22.01 22.18  
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Discussion 

As the sowing was delayed the damage caused by weeds increased due to high 

rainfall in late sowing which caused the suppressive effects of weeds on crop therefore the 

growth and development was decreased causing ultimate reduction in assimilates in kernels 

like kernel protein. As the competition period increased the resource utilized by weeds 

increased gradually resulting greater uptake of nitrogen by the weeds and lower uptake by the 

rice plants and ultimately lower protein contents. Higher percentage of sterile spikelets was 

due to severe competition for photosynthates at reproductive phase among weeds and crop 

resulting in less number of fertile spikelets per panicle. Results are supported by the findings 

of Nandal and Singh (1995) who reported maximum number of fertile spikelets against 

control in hand weeded plots. 

  Weedy check treatment resulted in minimum opaque and lower grain yield (Sreedevi 

and Thomas 1993). Less percentage of opaque kernels in weed-free plots against control 

treatment might be owing to no weed-crop competition thereby more moisture, nutrients 

were available to crop beside translocation of more carbohydrates to panicle at development 

stage caused significant reduction in opaque kernels when compared with control. 

Significantly maximum chalky kernels in weed-free plots could be attributed to more 

productive tillers and more spikelets per unit area causing severe competition at later stage of 

development. 

Higher percentage of normal kernels was due to less weed-crop competition thereby 

causing translocation system to be fully functional up to physiological maturity. Therefore 

the kernel dimensions attained were quite normal. Nandal and Singh (1995) also reported the 

same results. Significantly maximum protein contents in plots kept weed-free might be due to 

increase in normal kernels percentage and 1000 kernel weight with maximum starch 

compaction. Significantly high kernel amylose contents in W1 could be attributed to more 

appropriation between spikelets and more 1000 kernel weight which resulted in better 

development of normal kernels. Higher ratio in W1 could be owing to more amylose 

concentration in W1 as amylose concentration has positive correlation with volume 

expansion of kernels. 
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Table 4.54: Effect of sowing time and competition period on kernel water absorption 
ratio in direct-seeded rice 
 

 
LSD 5%    2008     2009 
Sowing time               0.174          0.212          
Competition period   0.179            0.222        
Interaction    0.204     0.259 
 
Y × S   =  * 
Y × W  = * 
Y × S × W  = *

Competition period 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = No competition 
(Weed-free) 

3.89a 3.79ab 3.63b 3.77A 4.72a 4.35b 4.14bc 4.40A 

W2 = Competition for 
15 DAS 

3.75ab 3.70ab 3.52bc 3.66A
B 

4.25bc 4.06c 3.93cd 4.08B 

W3 = Competition for 
30 DAS 

3.64b 3.56bc 3.41c 3.54B 4.11bc 3.87cd 3.75d 3.91B
C 

W4 = Competition for 
45 DAS 

3.51bc 3.39cd 3.30cd 3.40B
C 

3.97cd 3.72d 3.52d 3.74C 

W5 = Competition for 
60 DAS 

3.40c 3.28cd 3.13de 3.27C 3.87cd 3.53d 3.25e 3.55C 

W6 = Competition 
throughout the season 
(Weedy check) 

3.19d 3.08de 2.96e 3.08D 3.24ef 3.11ef 2.98f 3.11D 

Mean 3.56A 3.47AB 3.32B  4.03A 3.77B 3.60B  
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4.2.1.7. Relationship between yield components, yield and weed density 

Table 4.55 and 4.56 shows relationship between yield components, yield and weed 

density. During both the years normal kernels, productive tillers, spikelets per panicle were 

strongly positively related with kernel yield. The relationship between yield components (like 

productive tillers and spikelets per panicle) and weed density was however, negative and non 

significant in year 2008 while in year 2009 for parameters like normal kernels, productive 

tillers and spikelets per panicle there was significant and negative correlation.  
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Table 4.55: Experiemnt 3: Correlation among for different characters 2008 

 

**  =   Highly significant 

 

*    =   Significant 

 

NS =   Non-signifiacnt 

 

 

 1000 
kernel 
weight 

Kernel 
yield 

Total 
weed 
density 

Normal 
kernels 

Productive 
tillers 

Spikelets 
per 
panicle 

Kernel 
yield 

0.923**      

Total 
weed 
density 

- 0.314NS - 0.252NS     

Normal 
kernels 

0.979** 0.935** 0.311NS    

Productive 
tillers 

0.976** 0.928** - 0.229NS 0.976**   

Spikelets 
per 
panicle 

0.926** 0.931** - 0.083NS 0.931** 0.958**  

Total 
weed dry 
weight 

- 0.609** - 0.523** 0.694** - 0.598** - 0.579** - 0.482* 
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Table 4.56: Experiment 3: Correlation among different characters for 2009 

 1000 
kernel 
weight 

Kernel 
yield 

Total 
weed 
density 

Normal 
kernels 

Productive 
tillers 

Spikelets 
per 
panicle 

Kernel 
yield 

0.928**      

Total 
weed 
density 

- 0.724** - 0.629**     

Normal 
kernels 

0.971** 0.928** - 0.659**    

Productive 
tillers 

0.961** 0.917** - 0.707** 0.953**   

Spikelets 
per 
panicle 

0.901** 0.875** - 0.590** 0.922** 0.929**  

Total 
weed dry 
weight 

- 0.706** - 0.584** 0.887** - 0.635** - 0.647** - 0.618** 

 

 

**  =   Highly significant 

 

*    =   Significant 

 

NS =   Non-signifiacnt 
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Economic analysis 2008  

Table 4.57: Experiment 3: Effect of weed-crop competition periods on weeds, growth and yield 
of direct-seeded fine rice sown at different times.  

 

 

W1 = No competition (Weed-free) W2 = Competition for 15 days after sowing (DAS) 

W3 = Competition for 30 DAS W4 = Competition for 45 DAS 

W5 = Competition for 60 DAS W6 =Competition throughout the season (Weedy check) 

Price of kernel yield = 28 Rs./Kg  Price of rice straw = Rs. 28/ 40 kg  

*10 % adjustment in yield                 ** Harvesting and threshing charges each @ 10 %  

of the kernel yield 

 

 

 

 W1 W2 W3 W4 W5 W6 
Kernel yield (Kg ha-1) 2907 2856 2484 2241 1855 1603 
Adjusted kernel yield (Kg ha-1)* 2616 2570 2236 2017 1670 1443 
Net kernel yield (Kg ha-1)** 2093 2056 1789 1614 1336 1154 
Kernel yield value (Rs.) 58604 57568 50092 45192 37408 32312 
Straw yield (Kg ha-1) 9629 9567 9117 8989 8821 8672 
Adjusted straw yield (Kg ha-1)* 8661 8610 8205 8090 7939 7805 
Straw yield value (Rs.) 6063 6027 5744 5663 5557 5464 
Gross income (Rs.) 64667 63595 55836 50855 42965 37776 
Weed control cost that varied  
(a) Cost of hoeing (Rs.) 

10000 8000 6000 4000 2000 00.00 

Total cost that varied (Rs.) 10000 8000 6000 4000 2000 00.00 
Total fixed cost (Rs.) 36352 
Net benefit (Rs.) 28315 27234 19484 14503 6613 1424 
BCR 1.40 1.43 1.32 1.26 1.12 1.04 
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Economic analysis 2009  

Table 4.58: Experiment 3: Effect of weed-crop competition periods on weeds, growth and yield 
of direct-seeded fine rice sown at different times.  

 

W1 = No competition (Weed-free) W2 = Competition for 15 days after sowing (DAS) 

W3 = Competition for 30 DAS W4 = Competition for 45 DAS 

W5 = Competition for 60 DAS W6 =Competition throughout the season (Weedy check) 

Price of kernel yield = 38 Rs./kg Price of rice straw =Rs. 32 /40 kg  

*10 % adjustment in yield  ** Harvesting and threshing charges each @ 10 % of 
the kernel yield 

 W1 W2 W3 W4 W5 W6 
Kernel yield (Kg ha-1) 3115 3063 2660 2482 2050 1773 
Adjusted kernel yield (Kg ha-1)* 2804 2757 2394 2234 1845 1596 
Net kernel yield (Kg ha-1)** 2243 2196 1915 1787 1476 1277 
Kernel yield value (Rs.) 85234 83448 72770 67906 56088 48526 
Straw yield (Kg ha-1) 10090 9982 9310 9163 8983 8582 
Adjusted straw yield (Kg ha-1)* 9081 8984 8379 8247 8085 7724 
Straw yield value (Rs.) 7265 7187 6703 6598 6468 6179 
Gross income (Rs.) 92499 90635 79473 74504 62556 54705 
Weed control cost that varied  
(a) Cost of hoeing (Rs.) 

10000 8000 6000 4000 2000 00.00 

Total cost that varied (Rs.) 10000 8000 6000 4000 2000 00.00 
Total fixed cost (Rs.) 48652 
Net benefit (Rs.) 43847 33983 24821 21852 11904 6053 
BCR 1.58 1.60 1.45 1.42 1.24 1.12 
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Table 4.59: Dominance analysis of (two year average total cost and net field benefits) 
weed-crop competition periods 

 

Treatment Total cost that varied (Rs. ha-1) Net benefits (Rs. ha-1) 

Weedy check 00.00 3739 

Competition for 60 DAS 2000 30613 

Competition for 45 DAS 4000 22153 D 

Competition for 30 DAS 6000 18178 D 

Competition for 15 DAS 8000 9259 D 

Weed-free 10000 36081 

 

Table 4.60: Marginal rate of return of weed-crop competition periods 

Treatment Total cost 
that varied 
(Rs. ha-1) 

Marginal 
increase in 
cost (Rs.) 

Net field 
benefits (Rs. 
ha-1) 

Marginal 
increase in 
benefit (Rs.) 

MRR (%) 

Weedy check 00.00 00.00 3739 - - 

Competition 
for 60 DAS 

2000 2000 30613 26874 1343.70 

Weed-free 10000 10000 36081 32342 323.42 
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Table 4.61: Sensitivity analysis with constant output and input prices increased by 10 
% (Marginal rate of return) 

Treatment Total cost 
(Rs.) 

Marginal 
cost  (Rs.) 

Net field benefits 
(Rs. ha-1) 

Marginal field 
benefits (Rs. ha-1) 

MRR 
(%) 

Weedy check 00.00 00.00 3739 - - 

Competition 
for 60 DAS 

2200 2200 30413 26674 1212.45 

Weed-free 11000 11000 35081 31342 284.93 

 

Table 4.62: Sensitivity analysis based on 2 year average data with constant output and 
input prices decreased by 10 % (Marginal rate of return) 

 

Treatment Total cost 
(Rs.) 

Marginal cost 
(Rs.) 

Net field benefits 
(Rs. Ha-1) 

Marginal field 
benefits (Rs. Ha-1) 

MRR (%) 

Weedy check 00.00 00.00 3365 - - 

Competition 
for 60 DAS 

2000 2000 27552 24187 1209.35 

Weed-free 10000 10000 32473 29108 291.08 
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4.2.2. Experiment 4: Effect of weed control methods and seeding time on weeds,  

growth and yield of direct-seeded fine rice. 

4.2.2.1. Weed density 

4.2.2.1.1. Density of T. portulacastrum at 15 DAS (m-2) 

As the year effect was significant, therefore, the data of both years is given 

separately. Sowing time significantly affected the density of T. portulacastrum at 15 DAS in 

rice. The maximum number of T. portulacastrum plants m-2 (35.46 and 22.87) were recorded 

when crop was sown in first week of July (S3) during 2008 and 2009, respectively. However, 

it was statistically similar with density of the weed when crop was sown in third week of 

June (S2) in 2008. When crop was sown in first and third week of June during both years 

could not reach the level of significance with each other. Density of T. portulacastrum was 

significantly affected by weed control treatments. At 15 DAS, T. portulacastrum density was 

maximum in plots which were selected as manual hoeing (W4) during both years and was at 

par with weedy check (W1) in 2008 while in 2009 with bispyribac-sodium spray, foliar spray 

of water extracts, post-emergence spray and in weedy check plots (W1). Whereas, 

significantly minimum density of T. portulacastrum was noted in plots where penoxsulam 

was applied to control weeds (W2) in the plots during 2008 and plots where sorghum mulch 

(W6) was applied during 2009.  

Interaction of both factors was also significant with maximum density of T. 

portulacastrum in plots when crop was sown in first week of July and kept weedy check 

throughout the growing season (W1S3) in 2008. It was statistically at par to plots for density 

of T. portulacastrum which were selected to be used as manually controlled when sown in 

first week of June (W4S1). In 2009, the maximum density of T. portulacastrum at 15 DAS 

was found in plots where bispyribac-sodium herbicide was selected to be applied when crop 

was sown in first week of July (W3S3). It showed statistically non significant difference in 

plots where manual hoeing, foliar sprays of crop water extracts and bispyribac-sodium spray 

+ one hoeing were planned in crop sown in field in first week of July (W4S3, W5S3 and W8S3 

, respectively), . Effect of sowing time on density of T. portulacastrum at 15 DAS could not 

reach the level of significance in plots where sorghum mulch and penoxsulam application + 1 

hoeing were selected for controlling weeds during both years. When crop was sown in first 
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week of June showed non significant differences in plots selected for manual hoeing and 

weedy check during both growing seasons. Crop sown in third week of June and first week 

of July showed similar trend. 

 4.2.2.1.2. Density of T. portulacastrum at 30 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. Effect 

of sowing time on density of T. portulacastrum at 30 DAS was significant (Table 4.64). The 

maximum density of T. portulacastrum at 30 DAS (99.21 and 70.17) was recorded when 

crop was sown in first week of July (S3) during 2008 and 2009, respectively. Weed control 

treatments also varied significantly for their effect on density of T. portulacastrum at 30 

DAS. Plots where weeds were allowed to compete with crop throughout the growing season 

resulted in significantly maximum density of T. portulacastrum at 30 DAS (212.08 and 

156.45) during 2008 and 2009, respectively. Whereas, the minimum density of T. 

portulacastrum at 30 DAS was recorded in plots where manual hoeing (W4) was done. It was 

statistically at par with treatment where penoxsulam + 1 hoeing were the weed control option 

during both years.   

Interaction of both factors was also significant. Significantly maximum density of T. 

portulacastrum at 30 DAS (225.14 and 169.50) was recorded in weedy check plots which 

were sown in first week of July (W1S3) during 2008 and 2009, respectively. While rest of the 

treatments were significantly different for their effect on density of T. portulacastrum at 30 

DAS. The minimum density of T. portulacastrum at 30 DAS was noted in plots subjected to 

weed control by manual hoeing when crop was sown in first week of June (W4S1) during 

both years (14.07 and 5.00) , respectively. All weed control treatments showed non 

significant difference within each treatment for sowing time. Effect of sowing time on 

density of T. portulacastrum at 30 DAS could not reach the level of significance in all weed 

control treatments during both years. When crop was sown in first week of June showed non 

significant differences in weedy check and foliar application of crop water extracts along 

with sorghum mulch as weed control treatments. Whereas, when crop was sown in third 

week of June and first week of July showed significantly different density of weed at 30 

DAS. 
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Table 4.63:  Effect of sowing time and weed control method on density of T. 
portulacastrum (m-2) at 15 DAS in direct-seeded rice  

 
LSD5%         2008    2009 
Sowing time                              8.055                                               4.923 
Weed control method      7.033    5.024 
Interaction                    9.404    6.951 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

Weed control method Sowing Time Sowing Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
45.45bc 51.55bc 65.24a 

54.08
A 22.57bc 19.74c 29.35b 

23.89
A 

W2 = Penoxsulam (Pre 
em.) 

5.00f 7.20ef 15.01e 9.07C 5.01d 5.34d 7.25d 5.87B 

W3 = Bispyribac-sodium 
(Post em.) 32.34d 36.57cd 42.25c 

37.05
B 21.57c 25.19bc 36.36a 

27.71
A 

W4 = Manual (3 
hoeings) 48.51bc 52.22b 62.13a 

54.29
A 23.20bc 25.47bc 34.31ab 

27.66
A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

31.27d 34.33cd 41.59cd 
35.73
B 22.07c 23.91bc 32.57ab 

26.18
A 

W6 = Sorghum mulch 05.11f 07.42ef 06.19ef 6.24C 7.05d 5.10d 3.94d 5.36B 

W7 = W2 + 1 hoeing   
  

4.20f 5.03f 8.00ef 5.74C 4.00d 4.30d 6.09d 4.80B 

W8 =  W3 + 1 hoeing   
34.30cd 37.59cd 43.29bc 

38.39
B 22.25c 24.35bc 33.07ab 

26.56
A 

Mean 
25.77B 

28.99A
B 35.46A  15.97B 16.68B 22.87A  

Weed control method Sowing  Time Sowing  Time 
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Table 4.64:  Effect of sowing time and weed control method on density (m-2) of T. 
portulacastrum at 30 DAS in direct-seeded rice  
 
LSD 5%     2008     2009 
Sowing time                           13.020                                                 09.010 
Weed control method   17.012     12.022 
Interaction                 29.753     22.204 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 199.00a
b 212.10a 225.14a 

212.0
8A 

148.41a
b 

151.45a
b 169.50a 

156.45
A 

W2 = Penoxsulam (Pre 
em.) 34.64de 45.07de 52.32d 

44.01
D 19.00e 22.04e 24.00e 

21.68
E 

W3 = Bispyribac-sodium 
(Post em.) 94.31c 102.12c 109.21c 

101.8
8C 60.09d 64.00d 69.41d 

64.50
D 

W4 = Manual (3 
hoeings) 14.07e 16.01e 21.05e 

17.04
E 5.00e 6.19e 6.98e 6.06F 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

141.02b 149.29b 154.22b 
148.1
8B 105.39c 107.00c 

119.23b
c 

110.54
C 

W6 = Sorghum mulch 
151.52b 162.31b 169.41b 

161.0
8B 

115.61
bc 

126.55b
c 133.09b 

125.08
B 

W7 = W2 + 1 hoeing   
  18.21e 20.17e 23.00de 

20.46
E 11.08e 14.14e 16.03e 

13.75
EF 

W8 =  W3 + 1 hoeing   
25.30de 35.25de 39.33de 

33.29
D 16.15e 18.22e 23.14e 

19.17
E 

Mean 
84.76B 

92.79A
B 99.21A  60.09B 

63.70A
B 70.17A  
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4.2.2.1.3. Density of T. portulacastrum at 45 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. Effect 

of sowing time on density of T. portulacastrum at 45 DAS was significant (Table 4.65). The 

maximum density of T. portulacastrum at 45 DAS (111.08 and 70.35) was recorded when 

crop was sown in first week of July (S3) during 2008 and 2009, respectively. It was 

statistically similar to plots where crop was sown in third week of June (S2) during both 

years. Crop sown in first and third week of June could not yield significant differences during 

both years for their effect on density of T. portulacastrum at 45 DAS. Weed control 

treatments had a pronounced effect on density of T. portulacastrum at 45 DAS. Significantly 

maximum density of T. portulacastrum at 45 DAS during 2008 and 2009, respectively 

(207.06 and 148.48) was found in weedy check plots (W1) because weeds were not removed 

and allowed to grow and compete with crop. It was significantly different from rest of the 

weed control treatments. Significantly minimum density of T. portulacastrum at 45 DAS was 

noted in plots where manual hoeing (W4) was done during both years.  

Interaction of both factors resulted in maximum density of T. portulacastrum (219.57 

and 148.47) in weedy plots when sown in first week of July (W1S3) during 2008 and 2009, 

respectively. It was statistically at par with other sowing times except when crop was sown in 

first week of June in growing season of 2008. All other treatments gave significant variation 

in density of T. portulacastrum at 45 DAS. Whereas, significantly minimum density of T. 

portulacastrum at 45 DAS (8.48 and 5.11) was noted in plots where manual hoeing was done 

for controlling weeds when crop was sown in first week of June (W4S1) during 2008 and 

2009, respectively. It was statistically at par with other 2 sowing times for density of T. 

portulacastrum. Crop sown in first week of June where bispyribac-sodium (W3S1) was used 

for controlling weeds showed statistically significant difference from other two sowing times 

for density of T. portulacastrum at 45 DAS in 2008. Effect of sowing time on density of T. 

portulacastrum at 45 DAS could not reach the level of significance in plots where 

penoxsulam, manual hoeing, foliar spray of water extracts and penoxsulam + 1 hoeing were 

selected for controlling weeds during both years. When crop was sown in first week of June 

showed significant differences in most of the weed control treatments. Similar trend for other 

two sowing times was also noted.  
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Table 4.65:  Effect of sowing time and weed control method on density (m-2) of T. 
portulacastrum at 45 DAS in direct-seeded rice  

 
LSD5%     2008     2009 
Sowing time                           12.047                                                 08.004 
Weed control method   15.054     11.018 
Interaction                22.651     17.953 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method Sowing Time Sowing Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week 

of July 

Mean 

W1 = Weedy check 
195.54b 

206.08a
b 219.57a 

207.06
A 147.56a 149.41a 

148.47
a 

148.4
8A 

W2 = Penoxsulam (Pre 
em.) 77.19f 81.04ef 88.44ef 

82.22
E 39.00ef 41.47ef 46.17e 

42.21
D 

W3 = Bispyribac-sodium 
(Post em.) 102.43e 129.50d 136.47d 

122.80
D 55.04de 65.14d 69.14d 

63.11
C 

W4 = Manual (3 
hoeings) 8.48h 10.00h 14.00h 

10.83
G 5.11g 6.07g 9.12g 6.77F 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

135.22d 139.07d 139.46d 
137.92
C 98.52c 100.00c 

102.19
bc 

100.2
4B 

W6 = Sorghum mulch 
158.55cd 169.71c 

175.78b
c 

168.01
B 

103.46b
c 

108.40b
c 

118.17
b 

110.0
1B 

W7 = W2 + 1 hoeing   
  35.42gh 39.05g 42.71g 39.06F 19.04fg 21.49fg 23.16fg 

21.23
E 

W8 =  W3 + 1 hoeing   
62.04fg 68.45f 72.22f 

67.57
E 28.22f 39.57ef 46.41e 

38.07
D 

Mean 
96.86B 

105.36A
B 111.08A  61.99B 

66.44A
B 70.35A  
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4.2.2.1.4. Density of T. portulacastrum at 60 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time had significant difference for density of T. portulacastrum at 60 DAS during 

2008 and 2009 (Table 4.66). Significantly maximum density of T. portulacastrum (114.58 

and 78.67) was noted in plots where rice was directly seeded in first week of June (S1) during 

2008 and 2009, respectively. It showed significant differences from other two sowing times 

while significantly minimum density of T. portulacastrum at 60 DAS was noted in plots 

where rice was sown in first week of July during 2008 and 2009. 

Weed control treatments had affected the density of T. portulacastrum at 60 DAS 

significantly with maximum values in weedy check (W1) (109.82 and 78.59) during 2008 and 

2009, respectively. It was significantly different and higher from all weed control practices. 

Plots where penoxsulam (W2), bispyribac-sodium (W3) and foliar spray of crop water 

extracts (W5) were used for weed control resulted in non significant differences among each 

other during both years. While significantly minimum density of T. portulacastrum (10.95 

and 5.54) was recorded in manual hoeing treatment (W4) during 2008 and 2009, respectively. 

Interaction showed maximum density of T. portulacastrum at 60 DAS in weedy 

check plots where rice was directly seeded in first week of June (W1S1) (192.00 and 141.11) 

during 2008 and 2009, respectively. While in 2008, it was statistically at par with plots where 

sorghum mulch was applied for controlling weeds. On the other hand, the other two sowing 

times differed significantly during both years with least in plots where rice was sown in first 

week of July during both years. The minimum density of the weed at this stage was noted in 

plots where manual hoeing was done and rice was sown in first week of July (W4S3). It 

showed statistically non significant difference with all sowing times in manually hoed plots 

and also with some other treatments as can be seen in table 4.66. Effect of sowing time on 

density of T. portulacastrum at 60 DAS could not differ significantly in plots where manual 

hoeing was done for controlling weeds during both years. Whereas, plots where crop was 

sown in first week of June showed significantly more density as compared to delayed sowing 

in plots where penoxsulam, bispyribac-sodium, foliar application of crop water extracts, 

sorghum mulch and penoxsulam application + 1 hoeing were the weed control options during 

both years. When crop was sown in first week of June showed non significant differences in 
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weedy check and sorghum mulch as weed control treatments in 2008. Furthermore, 

application of penoxsulam and bispyribac-sodium could not differ significantly during both 

years. Whereas when crop was sown in third week of June and first week of July also showed 

similar trend. 

4.2.2.1.5. Density of T. portulacastrum at 75 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time had a pronounced and significant effect on density of T. portulacastrum at 75 

DAS during both years (Table 4.67). Significantly maximum density of T. portulacastrum 

(62.30 and 38.33) was noted in plots where rice was sown in first week of June (S1) during 

2008 and 2009, respectively. While the density of weed in plots where crop was sown in 

third week of June (S2) and first week of July (S3) showed statistically non significant 

differences.  

Weed control methods varied significantly for their effect on density of T. 

portulacastrum at 75 DAS. The maximum weed density was found in weedy check (W1) 

(50.87 and 28.98) during 2008 and 2009, respectively. It could not reach the level of 

significance to plots where sorghum mulch (W6) was used for controlling weeds during both 

years while in 2009 plots where water extracts of crops were used as foliar spray for 

controlling weeds could not reach the level of significance to weedy check plots (W1) and 

plots where sorghum mulch (W6) was used. Whereas, the most efficient weed control method 

was found to be manual hoeing (W4) which showed minimum density of T. portulacastrum 

at 75 DAS (7.70 and 3.23) during 2008 and 2009, respectively. 

Interactive effect of sowing time and weed control methods had a significant effect on 

density of T. portulacastrum at 75 DAS. The maximum density (115.05 and 69.99) was 

noted in plots which were sown in first week of June and kept weedy throughout the growing 

season (W1S1) during 2008 and 2009, respectively. Whereas, manual hoeing resulted in 

minimum density of T. portulacastrum at 75 DAS in plots where rice was sown in first week 

of July (W4S3) during 2008 (2.44) while in 2009 in plots which were sown in third week of 

July (3.02). The effect of sowing time on density in plots where weeds were controlled by 
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manual hoeing, was non significant. All other weed control methods at different sowing 

times were intermediate for their effect on density of T. portulacastrum at 75 DAS. 

Effect of sowing time on density of T. portulacastrum at 75 DAS could not reach the 

level of significance in plots where manual hoeing was done for controlling weeds during 

both years. Whereas, plots where crop was sown in first week of June showed significantly 

more density as compared to delayed sowing in plots where penoxsulam, bispyribac-sodium 

and foliar application of crop water extracts were the weed control options during both years. 

When crop was sown in first week of June showed non significant differences in wedy check 

and sorghum mulch as weed control treatments. Whereas when crop was sown in third week 

of June and first week of July also showed similar trend. 

4.2.2.1.6. Density of T. portulacastrum at 90 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time significantly affected the density of T. portulacastrum at 90 DAS. Significantly 

maximum density (15.95 and 8.01) was recorded in plots where rice was sown in first week 

of June (S1) during 2008 and 2009, respectively. While significantly minimum effect of 

sowing time was noted in first week of July (S3) sowing, where density was the least (2.72 

and 1.56) during 2008 and 2009, respectively. Weed control also had significantly variable 

effect on weed density, with significantly maximum density (16.90 and 8.38) in plots where 

weeds were allowed to compete with crop throughout the growing season. Whereas, 

significantly minimum (3.19 and 1.23) was noted in plots where weeds were controlled by 

manual hoeing treatment (W4). Effect of penoxsulam and bispyribac-sodium application 

showed statistically non significant results with each other for their effect on weed density 

during both years. Similar trend was also noted between foliar spray of crop water extracts 

(W5) and sorghum mulch (W6) and also between penoxsulam and bispyribac-sodium each 

followed by manual hoeing. 
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Table 4.66: Effect of sowing time and weed control method on density (m-2) of T. 
portulacastrum at 60 DAS in direct-seeded rice  

 
LSD 5%     2008     2009 
Sowing time                           18.080                                                 15.955 
Weed control method   20.010     16.013 
Interaction                 23.204     19.005 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method Sowing  Time Sowing  Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
192.00a 105.04c 32.43ef 

109.8
2A 141.11a 76.55d 18.10fg 

78.59
A 

W2 = Penoxsulam (Pre 
em.) 129.70b 38.47ef 15.57f 

61.25
CD 91.04cd 25.10fg 8.00g 

41.38
C 

W3 = Bispyribac-sodium 
(Post em.) 139.50b 42.66ef 17.61f 

66.59
C 94.99cd 29.19f 11.13fg 

45.10
C 

W4 = Manual (3 hoeings) 
18.33f 08.09f 06.44f 

10.95
E 10.00g 4.45g 2.16g 5.54E 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

129.62b 65.30de 21.24f 
72.05
BC 95.82c 48.00ef 14.29fg 

52.70
BC 

W6 = Sorghum mulch 
169.41a 72.47d 24.57ef 

88.82
B 118.46b 53.60e 14.55fg 

62.20
B 

W7 = W2 + 1 hoeing   
  46.33e 17.55f 10.48f 

24.79
DE 29.91f 09.97g 6.22g 

15.37
D 

W8 =  W3 + 1 hoeing   
91.72cd 26.16ef 12.95f 

43.61
D 48.00ef 12.01fg 7.82g 

22.61
D 

Mean 114.58A 46.97B 17.66C  78.67A 32.36B 10.28C  
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Interactive effect of both factors showed significant differences. When crop was sown 

in first week of June and kept in weedy check condition (W1S1) (34.07 and 15.53) showed 

significantly maximum density during growing seasons of 2008 and 2009, respectively. The 

minimum density (0.19) in 2008 was noted in plots which were sown in first week of July 

and weeds were controlled by manual hoeing (W4S3). While in 2009 the minimum (1.46) 

density was noted in weedy check plots when sown directly in third week of June (W1S2). 

The effect of sowing time was non significant in manual hoeing treatment during both years. 

Plots where penoxsulam was applied followed by 1 manual hoeing resulted in non 

significant differences for sowing time during both years. Effect of sowing time on density of 

T. portulacastrum at 90 DAS resulted in variable and significant differences in all weed 

control treatments during both years. When crop was sown in first week of June showed non 

significant differences in application of penoxsulam (pre-emergence herbicide) and 

bispyribac-sodium (post-emergence herbicide) gave similar results for controlling the density 

of T. portulacastrum at 90 DAS. Foliar application of crop water extracts and sorghum mulch 

also showed non significant differences during both years. Whereas when crop was sown in 

third week of June and first week of July also showed similar trend. 

4.2.2.1.7. Density of D. aegyptium at 15 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. As 

clear from the data presented in table 4.69. Sowing time had significant effect on density of 

D. aegyptium at 15 DAS. In growing season of 2008, significantly maximum density (3.71) 

was found in plots where rice was sown in first week of June (S1) whereas, in growing season 

of 2009 significantly maximum density (5.84) was recorded in plots where rice was sown in 

first week of July (S3). These were significantly different from rest of the sowing times 

during both years. 
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Table 4.67:  Effect of sowing time and weed control method on density (m-2) of T. 
portulacastrum at 75 DAS in direct-seeded rice  

 
LSD5%     2008             2009 
Sowing time                           15.853                                              7.009 
Weed control method   16.011             9.018 
Interaction                19.255             15.251 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method Sowing Time Sowing Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
115.05a 29.00cd 08.55de 

50.87
A 69.99a 12.81de 04.15de 

28.98
A 

W2 = Penoxsulam (Pre 
em.) 59.66bc 16.47de 5.25de 

27.13
BC 36.66c 6.72de 1.92e 

15.10
B 

W3 = Bispyribac-sodium 
(Post em.) 61.33bc 19.71de 6.71de 

29.25
BC 37.22bc 10.04de 2.68e 

16.65
B 

W4 = Manual (3 
hoeings) 

15.22de 05.43de 02.44e 7.70C 6.66de 3.02e 0.00e 3.23C 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

74.44b 21.00de 7.00d 
34.15
B 52.44b 11.30de 2.98e 

22.24
AB 

W6 = Sorghum mulch 
95.55ab 24.14d 7.54de 

42.41
AB 59.77ab 11.98de 2.99e 

24.91
AB 

W7 = W2 + 1 hoeing   
  31.08cd 10.44de 3.59e 

15.04
C 19.04d 04.33de 0.93e 

8.10B
C 

W8 =  W3 + 1 hoeing   
46.06c 17.45de 4.66e 

22.72
BC 24.86cd 5.91de 1.83e 

10.87
BC 

Mean 62.30A 17.96B 5.72B  38.33A 8.26B 2.19B  
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Effect of weed control methods also yielded significant results. Maximum value was 

observed in plots where weeds were planned to be controlled by manual hoeing (W4) (5.88). 

These were significantly different from all other weed control treatments in 2008 while 

significantly maximum density in 2009 was observed in plots where weeds were scheduled 

to be controlled by spray of penoxsulam. Rest of the treatments showed significantly less 

weed density. Significantly minimum weed density was found in plots which were treated by 

penoxsulam (0.44 and 0.37) during 2008 and 2009, respectively. 

The interactive effect of both factors showed statistically non significant difference 

during growing season of 2008. While in 2009 significant differences were observed. In 

growing season of 2009, significantly maximum density was found in plots which were 

supposed to be treated with bispyribac-sodium (19.00) sown in field directly in first week of 

July (W3S3).  

Significantly minimum density (1.11) in 2009 was noted in plots which were sown in 

third week of June and applied with penoxsulam (W2S2). Effect of sowing time on density of 

D. aegyptium at 15 DAS could not reach the level of significance in plots where penoxsulam 

and sorghum mulch was applied for controlling weeds during 2009. Whereas, plots where 

crop was sown in first week of July where bispyribac-sodium, manual hoeing, foliar crop 

water extracts application and integration of herbicides with 1 hoeing were used as weed 

control treatments showed significant differences from crop sown in first and third week of 

June during 2009.  

4.2.2.1.8. Density of D. aegyptium at 30 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. 

Density of D. aegyptium at 30 DAS was significantly affected by varying the sowing time 

during both years (Table 4.70). Significantly maximum density (40.65 and 24.16) was noted 

in plots where rice was direct-seeded in first week of July (S3) during 2008 and 2009, 

respectively. The density of weed in plots which were sown in first and third week of June 

(S1 and S2, respectively) could not differ significanty. 
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Table 4.68: Effect of sowing time and weed control method on density (m-2) of T. 
portulacastrum at 90 DAS in direct-seeded rice  

 
LSD 5%     2008     2009 
Sowing time                           4.721                                                   0.924 
Weed control method   4.016     1.020 
Interaction                4.951      2.001 

Y × S   =  * 
Y × W  = * 

Y × S × W  = *

Weed control method Sowing  Time Sowing  Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
34.07a 12.03cd 04.60de 

16.90
A 15.53a 07.00cd 02.60ef 8.38A 

W2 = Penoxsulam (Pre 
em.) 12.54cd 08.04de 02.47e 7.68C 7.41cd 04.27e 1.04fg 

4.24C
D 

W3 = Bispyribac-sodium 
(Post em.) 

13.88c 08.09de 03.20e 8.39C 8.55c 4.00ef 02.05f 4.87C 

W4 = Manual (3 
hoeings) 

5.17de 04.21de 00.19e 3.19D 2.24f 1.46fg 0.00g 1.23E 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

21.61b 09.40cd 03.60de 
11.54
B 10.22bc 5.30de 02.31ef 5.94B 

W6 = Sorghum mulch 
24.56b 10.00cd 04.01de 

12.86
B 11.12b 6.48d 02.51ef 6.70B 

W7 = W2 + 1 hoeing   
  

07.24de 06.70de 01.51e 5.15C 4.00ef 03.93ef 01.03fg 2.99D 

W8 =  W3 + 1 hoeing   08.51d 07.20de 02.17e 5.96C 5.04de 03.84e 0.91fg 3.26D 

Mean 15.95A 8.21B 2.72C  8.01A 4.54B 1.56C  
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            Weed control treatments varied significantly for their effect on weed density. The 

maximum weed density was found in weedy check (W1) (63.58 and 30.55) during 2008 and 

2009, respectively. It was statistically at par with plots where bispyribac-sodium was sprayed 

during both years. The minimum weed density was noted in plots where manual hoeing (W4) 

was done (6.11 and 5.05). In both years, it was at par with plots where weeds were controlled 

by spray of penoxsulam + 1 hoeing (W7). 

Interaction has significant effect on weed density. Significantly maximum density 

(94.74 and 45.54) was recorded in plots where weeds were not controlled by any means 

when sown in first week of July (W1S3) during 2008 and 2009, respectively. When crop was 

sown in first week of June showed non significant differences in wedy check and application 

of bispyribac-sodium for controlling weeds during both years. Whereas when crop was sown 

in third week of June also showed similar trend.  

Plots where weeds were controlled by spray of penoxsulam, foliar spray of crop water 

extracts, sorghum mulch and where penoxsulam was followed by 1 manual hoeing showed 

non significant difference within each treatment for effect of sowing time on density of D. 

aegyptium at 30 DAS during both years. Effect of sowing time on density of D. aegyptium at 

30 DAS could not reach the level of significance in plots where weed control options were 

penoxsulam, manual hoeing, foliar spray of crop water extracts, sorghum mulch and 

penoxsulam integration with 1 hoeing during both years. Whereas, plots where crop was 

sown in first week of July under weedy check condition and application of bispyribac-

sodium showed significantly higher density as compared to early sowing during both years. 
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Table 4.69: Effect of sowing time and weed control method on density (m-2) of D. 
aegyptium at 15 DAS in direct-seeded rice 

 
 
LSD 5%     2008     2009 
Sowing time                           0.086                                                   0.068 
Weed control method   0.091     0.072 
Interaction      ns     1.289 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 0.00ns 2.00 3.40 1.80F 0.00f 2.00e 3.04de 1.68F 

W2 = Penoxsulam (Pre 
em.) 

0.00 0.00 1.33 0.44H 0.00f 1.11ef 0.00f 0.37H 

W3 = Bispyribac-sodium 
(Post em.) 14.08 0.00 1.00 5.03B 9.99b 10.22b 19.00a 

13.07
A 

W4 = Manual (3 
hoeings) 

8.40 4.20 5.04 5.88A 5.55c 6.66c 9.09b 7.10B 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

0.00 3.00 5.00 2.67D 2.00e 3.33d 5.55c 3.63C 

W6 = Sorghum mulch 4.12 2.30 3.33 3.25C 3.04de 2.08de 3.04de 2.72E 

W7 = W2 + 1 hoeing   
  

0.00 0.00 2.22 0.74G 0.00f 0.00f 2.00e 0.67G 

W8 =  W3 + 1 hoeing   3.09 1.00 2.14 2.08E 2.11de 3.01de 5.00c 3.37D 

Mean 3.71A 1.56C 2.93B  2.84C 3.55B 5.84A  
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4.2.2.1.9. Density of D. aegyptium at 45 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. 

Significantly maximum density of D. aegyptium at 45 DAS as affected by sowing time was 

noted in plots where rice was sown in first week of July (S3) (62.82 and 42.82) during 2008 

and 2009, respectively. Whereas, non significant difference was observed between crops 

sown in first and third week of June (S1 and S2, respectively) during both growing seasons. 

Effect of weed control methods also resulted in significant differences with maximum 

(100.70 and 65.51) in weedy check plots (W1). It was statistically at par with spray of 

bispyribac-sodium during both years and also with sorghum mulch treatment (W6) in 

growing season of 2008. Plots where penoxsulam was sprayed showed statistically similar 

results with spray of bispyribac-sodium + 1 hoeing (W8) and manual hoeing treatment (W4) 

in 2008. Effect of spray of penoxsulam + 1 hoeing and bispyribac-sodium + 1 hoeing (W8) 

could not reach the level of significance with each other in growing season of 2009. 

Whereas, significantly minimum density (5.66 and 4.12) was recorded in plots where manual 

hoeing (W4) was done to control weeds.  

Interaction of sowing time and weed control showed the significant difference. The 

maximum density (111.17 and 78.14) was observed in weedy check plots where crop was 

sown in first week of July (W1S3) during 2008 and 2009, respectively. Rice sown in third 

week of June under weedy check (W1S2), also in plots where bispyribac-sodium was applied 

(W3S2) showed non significant difference with crop sown in first week of July. Similar trend 

was also noted when crop was sown in first week of July where plants were sprayed with 

bispyribac-sodium (W3S3) and also in plots applied with sorghum mulch (W6S3) in growing 

season of 2008. While in growing season of 2009, non significant differences were observed 

between crop sown in first week of July in weedy check plots and bispyribac-sodium spray at 

similar sowing times. Rest of the treatments had significant differences.  

The minimum density (2.64 and 2.04) was noted in plots where weeds were 

controlled by manual hoeing and sown in first week of June (W4S1) during 2008 and 2009, 

respectively. Effect of sowing time on density of D. aegyptium at 45 DAS resulted in 

significant differences for all weed control treatments except weedy check during both years.  

When crop was sown in first week of June showed non significant differences in weedy 
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check, bispyribac-sodium application and sorghum mulch as weed control treatments. 

Whereas when crop was sown in third week of June and first week of July also showed 

similar trend however sorghum mulch in 2009 was significantly different. 

4.2.2.1.10. Density of D. aegyptium at 60 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. When 

rice was sown in first week of July (S3) resulted in maximum density (99.29 and 68.55) 

during 2008 and 2009, respectively. Crop sown in third week of June (S2) showed non 

significant differences with crop sown in first week of July in growing season of 2008 (Table 

4.72). There were non significant differences for density between crop sown in first and third 

week of June during both years. Weed control treatments showed significant differences.The 

maximum density (153.98 and 102.59) was noted in weedy check plots (W1) during 2008 and 

2009, respectively. It was statistically similar to plots where bispyribac-sodium was sprayed.  

Interaction reached the level of significance for this density with maximum density 

(171.43 and 123.52) in weedy check plots which were sown in first week of July (W1S3) 

during 2008 and 2009, respectively. It was statistically at par with bispyribac-sodium spray 

treatment at same sowing time (W3S3) during both years while crop sown in third week of 

June in weedy check plots (W1S2) also could not reach to the level of significance with that 

rice crop sown directly in first week of July under weedy check condition (W1S3). Other 

treatments were significantly different from each other while minimum density (29.22 and 

18.11) was found in plots where weeds were controlled by manual hoeing when sown in field 

in first week of June (W4S1). 

The effect of sowing time was non significant within manual hoeing treatment during 

both years. Same trend was also observed during both years in plots where penoxsulam was 

sprayed and where penoxsulam + 1 hoeing were applied. Effect of sowing time on density of 

D. aegyptium at 60 DAS resulted in significant differences for all weed control treatments 

except weedy check, application of bispyribac-sodium and sorghum mulch during both years. 

When crop was sown in first week of June showed non significant differences in weedy 

check and bispyribac-sodium application for controlling weeds. Whereas when crop was 

sown in third week of June and first week of July also showed similar trend. 
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Table 4.70: Effect of sowing time and weed control method on density (m-2) of D. 
aegyptium at 30 DAS in direct-seeded rice 
  

 
LSD5%     2008     2009 
Sowing time                           10.047                                                 7.026 
Weed control method   13.024     6.038 
Interaction                17.754     11.204 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

Weed control method 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
42.54cd 53.45c 94.74a 

63.58
A 21.71bc 24.41b 45.54a 

30.55
A 

W2 = Penoxsulam (Pre 
em.) 9.50e 10.05e 15.07de 

11.54
CD 4.67c 4.71c 9.44c 6.27D 

W3 = Bispyribac-sodium 
(Post em.) 36.40cd 42.08cd 72.67b 

50.38
AB 19.60bc 21.51bc 40.50a 

27.20
AB 

W4 = Manual (3 
hoeings) 

4.00e 6.33e 8.00e 6.11D 3.33c 4.04c 7.77c 5.05D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

15.09de 17.55de 29.62d 
20.75
C 11.20c 12.41c 19.44bc 

14.35
C 

W6 = Sorghum mulch 
21.04de 24.04de 38.42cd 

27.83
BC 14.66bc 16.04bc 22.34bc 

17.68
C 

W7 = W2 + 1 hoeing   
  6.66e 9.56e 14.22de 

10.15
CD 4.88c 5.55c 12.08c 7.50D 

W8 =  W3 + 1 hoeing   
31.57d 36.47cd 52.49c 

40.18
B 16.14bc 19.47bc 36.14a 

23.92
B 

Mean 20.85B 24.94B 40.65A  12.02B 13.52B 24.16A  
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Table 4.71: Effect of sowing time and weed control method on density (m-2) of D. 
aegyptium at 45 DAS in direct-seeded rice  
  

 
LSD 5%     2008     2009 
Sowing time                           8.013                                                   6.020 
Weed control method   12.018     8.028 
Interaction                16.754     12.204 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
91.51b 99.43ab 111.17a 

100.7
0A 56.57b 61.81b 78.14a 

65.51
A 

W2 = Penoxsulam (Pre 
em.) 13.05ef 17.04ef 23.56e 

17.88
D 8.78e 11.66e 18.64de 

13.03
E 

W3 = Bispyribac-sodium 
(Post em.) 89.45b 95.66ab 

105.45a
b 

96.85
A 55.64bc 60.60b 75.09ab 

63.78
AB 

W4 = Manual (3 
hoeings) 

2.64f 4.44f 9.91ef 5.66D 2.04e 3.33e 6.99e 4.12F 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

65.66c 71.11c 79.82bc 
72.20
B 41.46c 43.44c 51.54bc 

45.48
C 

W6 = Sorghum mulch 
85.88bc 91.15b 99.08ab 

92.04
A 52.53bc 55.55bc 63.66b 

57.25
B 

W7 = W2 + 1 hoeing   
  29.22de 35.55de 42.04d 

35.60
C 18.66de 21.60de 28.88d 

23.05
D 

W8 =  W3 + 1 hoeing   
19.09ef 23.57e 31.49de 

24.72
CD 12.45e 14.17e 19.59de 

15.40
DE 

Mean 49.56B 54.74B 62.82A  31.02B 34.02B 42.82A  
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4.2.2.1.11. Density of D. aegyptium at 75 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. 

Growing season of 2008 could not differ significantly varying the sowing time for density 

(Table 4.73). Whereas, in 2009 significantly maximum density (81.20) was noted in plots 

where crop was sown in first week of July (S3). While crop sown in first and third week of 

June (S1 and S2, respectively) showed non significant difference. Weed control treatment had 

variable effects on density. The maximum weed density (157.76 and 107.76) was noted in 

weedy check (W1) and it was statistically similar to plots where bispyribac-sodium was 

sprayed during 2008 and 2009, respectively. The minimum density was noted in plots where 

manual hoeing (W4) was done.  

Combined effect of both factors yielded significant results. The maximum weed 

density (175.14 and 129.63) was observed in weedy check plots which were sown in first 

week of July (W1S3) during 2008 and 2009, respectively. It was statistically similar to 

bispyribac-sodium herbicide spray when sown in first week of July (W1S3) during both years. 

The minimum density (35.55 and 19.19) was recorded in manually hoed plots when crop was 

sown in first week of June (W4S1) during 2008 and 2009, respectively. Effect of sowing time 

on density of D. aegyptium at 75 DAS resulted in significant differences for all weed control 

treatments except weedy check, application of bispyribac-sodium, sorghum mulch and 

integrated use of penoxsulam with one manual hoeing during both years. When crop was 

sown in first week of June showed non significant differences in weedy check and 

bispyribac-sodium application for controlling weeds. Whereas when crop was sown in third 

week of June and first week of July also showed similar trend. 
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Table 4.72: Effect of sowing time and weed control method on density (m-2) of D. 
aegyptium at 60 DAS in direct-seeded rice  

 
LSD5%     2008     2009 
Sowing time                           17.002                                                 11.008 
Weed control method   18.004     12.007 
Interaction                19.513     15.075 

Y × S   =  * 
Y × W  = *   
Y × S × W  = * 

Weed control method Sowing Time Sowing Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 137.57b
c 

152.95a
b 171.43a 

153.9
8A 81.52c 102.73b 123.52a 

102.59
A 

W2 = Penoxsulam (Pre 
em.) 39.00f 45.44ef 53.55ef 

46.00
D 22.12f 25.00f 40.44ef 

29.19
D 

W3 = Bispyribac-sodium 
(Post em.) 

133.02b
c 149.44b 168.66a 

150.3
7A 79.88cd 101.01b 119.25a 

100.05
A 

W4 = Manual (3 
hoeings) 29.22f 34.30f 48.21ef 

37.24
D 18.11f 19.00f 31.33ef 

22.81
D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

83.33d 91.00d 102.20d 
92.18
C 53.55de 55.50de 66.66cd 

58.57
C 

W6 = Sorghum mulch 107.14c
d 

112.53c
d 125.68c 

115.1
2B 65.27d 69.84cd 81.24c 

72.12
B 

W7 = W2 + 1 hoeing   
  45.20ef 50.00ef 61.00e 

52.07
D 28.22ef 30.20ef 43.00e 

33.81
D 

W8 =  W3 + 1 hoeing   
44.51ef 49.55ef 63.57e 

52.54
D 27.57f 30.74ef 42.94e 

33.75
D 

Mean 
77.37B 

85.65A
B 99.29A  47.03B 54.25B 68.55A  
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4.2.2.1.12. Density of D. aegyptium at 90 DAS (m-2) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time showed significant difference in density (Table 4.74). The maximum density 

(107.50 and 78.75) was found in plots which were sown in first week of July (S3) during 

2008 and 2009, respectively. It was statistically at par with density in plots where rice was 

directly seeded in third week of June (S2). Furthermore, crops sown in first and third week of 

June could not reach the level of significance during both years. Weed control treatment also 

affected the density significantly with maximum values (162.19 and 114.55) in plots where 

weeds were allowed to compete with crop throughout the growing season during 2008 and 

2009, respectively. Plots where bispyribac-sodium was sprayed resulted in statistically 

similar weed density during both years. 

Cumulative effect of sowing time and weed control treatments also resulted in 

significant differences in density. Plots where rice was sown in first week of July and where 

weeds competed with crop till the crop harvest (W1S3) resulted in maximum density (178.44 

and 132.51) during 2008 and 2009, respectively. It was statistically alike to crop sown in 

third week of June and also when crop was sprayed with bispyribac-sodium in plots sown in 

first week of July during both years. While rest of the treatments showed significant 

differences.   

Significantly minimum density (31.59 and 16.93) was noted in plots where crop was 

sown in first week of June and weeds controlled by three times manual hoeing for weed 

control (W4S1) during 2008 and 2009, , respectively. Plots where crop water extracts were 

foliar sprayed, mulched with sorghum residues, spray of penoxsulam + 1 hoeing and spray of 

bispyribac-sodium + 1 hoeing showed non significant difference within each treatment for 

effect of sowing time during both years. Effect of sowing time on density of D. aegyptium at 

90 DAS resulted in significant differences for all weed control treatments except weedy 

check and application of bispyribac-sodium during both years. When crop was sown in first 

week of June showed non significant differences in weedy check and bispyribac-sodium 

application for controlling weeds. Whereas when crop was sown in third week of June and 

first week of July also showed similar trend. 
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Table 4.73: Effect of sowing time and weed control method on density (m-2) of D. 
aegyptium at 75 DAS in direct-seeded rice 

 

 LSD 5%     2008     2009 

Sowing time                           ns                                                       9.041 
Weed control method   13.130     10.009 
Interaction                 18.759     15.204 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 143.57b
c 154.57b 175.14a 

157.76
A 87.50c 106.14bc 129.63a 

107.76
A 

W2 = Penoxsulam (Pre 
em.) 75.55ef 80.54ef 84.86e 

80.32
D 54.55d 56.86d 65.66d 

59.02
C 

W3 = Bispyribac-sodium 
(Post em.) 

141.44b
c 149.48b 

172.45a
b 

154.46
A 86.11c 104.33bc 126.44a 

105.63
A 

W4 = Manual (3 
hoeings) 35.55g 40.40g 51.48fg 42.48F 19.19f 21.22f 32.88ef 

24.43
E 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

103.08d
e 108.09d 

114.44c
d 

108.54
C 81.66c 84.88c 91.09c 

85.88
B 

W6 = Sorghum mulch 
129.07c 

136.66b
c 148.07b 

137.93
B 88.66c 98.98b 110.11b 

99.25
A 

W7 = W2 + 1 hoeing   
  52.55fg 57.87fg 63.09f 

57.84
E 31.36f 34.78ef 47.04e 

37.73
D 

W8 =  W3 + 1 hoeing   
74.57ef 82.07ef 85.00e 

80.55
D 31.47f 36.47ef 46.76e 

38.23
D 

Mean 94.42ns 101.21 111.82  60.06B 67.96B 81.20A  
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4.2.2.1.13. Density of D. aegyptium at harvest (m-2) 

Year effect was significant therefore the data of both years is given separately. 

Variation in sowing time could not significantly affect the density (Table 4.75) during both 

years. Weed control treatment had significant differences with maximum (174.52 and 

139.07) in weedy check plots (W1) which showed statistically similar results in plots where 

bispyribac-sodium was sprayed. The effect of sowing time in both above mentioned 

treatments was non significant during both years but significantly different from rest of the 

weed control treatments. The minimum density (15.68 and 10.59) was found in manual 

hoeing treatments (W4) which were statistically at par to plots where penoxsulam + 1 hoeing 

were done.  

Interactive effect of both factors gave significantly similar results. Crop sown in first 

week of July and kept weedy throughout the growing season (W1S3) yielded maximum 

density (187.47 and 148.79) during 2008 and 2009, respectively. The effect of sowing time in 

both above mentioned treatments was non significant during both years but significantly 

different from rest of the weed control treatments. The minimum density (15.45) was noted 

in manual hoeing treatment where crop was sown in first week of July (W4S3) during 

growing season of 2008 whereas, in growing season of 2009 significantly lowest (8.56) was 

noted in crop sown in first week of June and weeds were controlled by manual hoeing 

(W4S1). The sowing time did not differ significantly for this treatment. Similar trend was 

noted in plots where penoxsulam, Bispyribac-sodium, sorghum mulch, penoxsulam + 1 

hoeing and bispyribac-sodium + 1 hoeing were used for controlling weeds during both years. 

Effect of sowing time on density of D. aegyptium at harvest resulted in significant 

differences for all weed control treatments during both years. When crop was sown in first 

week of June showed non significant differences in weedy check and bispyribac-sodium 

application for controlling weeds. Whereas when crop was sown in third week of June and 

first week of July also showed similar trend. 
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Table 4.74: Effect of sowing time and weed control method on density (m-2) of D. 
aegyptium at 90 DAS in direct-seeded rice   

 

 
LSD5%     2008     2009 
Sowing time                           15.012                                                 11.502 
Weed control method   17.004     18.003 
Interaction                21.045     16.204 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method Sowing Time Sowing Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 149.09b
c 

159.05a
b 178.44a 

162.19
A 91.47c 

119.67a
b 132.51a 

114.55
A 

W2 = Penoxsulam (Pre 
em.) 64.00ef 71.47ef 79.29ef 

71.59
C 50.50de 52.18de 60.53d 

54.40
C 

W3 = Bispyribac-sodium 
(Post em.) 

144.33b
c 157.07b 

175.44a
b 

158.95
A 90.24c 114.00b 133.00a 

112.41
A 

W4 = Manual (3 
hoeings) 31.59g 36.21g 47.31fg 

38.37
D 16.93f 20.57f 24.10f 

20.53
D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

101.80d 105.62d 
109.50c
d 

105.64
B 78.00c 85.55c 89.05c 

84.20
B 

W6 = Sorghum mulch 115.07c
d 

120.54c
d 130.33c 

121.98
B 88.53c 91.25c 

105.16b
c 

94.98
AB 

W7 = W2 + 1 hoeing   
  48.66fg 53.61fg 58.34f 

53.54
D 29.46ef 33.55ef 44.17e 

35.73
D 

W8 =  W3 + 1 hoeing   
70.08ef 78.43ef 81.37e 

76.63
C 29.57ef 32.55ef 41.48e 

34.53
D 

Mean 
90.58B 

97.75A
B 107.50A  59.34B 

68.67A
B 78.75A  
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Table 4.75: Effect of sowing time and weed control method on density (m-2) of D. 
aegyptium at harvest in direct-seeded rice 

  
LSD 5%     2008     2009 
Sowing time                           ns                                                         ns 
Weed control method   19.018     13.965 
Interaction                 23.701     18.205 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
167.54a 168.55a 187.47a 

174.52
A 131.51a 136.92a 148.79a 

139.07
A 

W2 = Penoxsulam (Pre 
em.) 21.21d 19.00d 21.22d 20.48D 14.63d 16.78cd 18.67cd 

16.69
CD 

W3 = Bispyribac-sodium 
(Post em.) 167.66a 168.09a 185.63a 

173.79
A 130.70a 133.84a 146.50a 

137.01
A 

W4 = Manual (3 hoeings) 
15.50d 16.09d 15.45d 15.68D 08.56d 11.00d 12.20d 

10.59
D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

81.21b 80.80b 82.04b 81.35B 47.43bc 50.55bc 55.50b 
51.16
B 

W6 = Sorghum mulch 
89.24b 92.44b 90.00b 90.56B 52.16bc 58.64b 64.73b 

58.51
B 

W7 = W2 + 1 hoeing   
  18.00d 19.06d 21.04d 19.37D 11.21d 14.44d 15.00d 

13.55
D 

W8 =  W3 + 1 hoeing   
45.42c 48.40c 51.50c 48.44C 25.21cd 27.00cd 34.30c 

28.84
C 

Mean 75.72ns 76.55 81.79  52.68ns 56.15 61.96  
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4.2.2.1.14. Density of E. indica at 15 DAS (m-2) 

E. indica was dominant in field only in 2008 so density in growing season of 2008 is 

discussed here while in 2009 no weed plants were found. There were significant differences 

between crops sown at different times for density of E. indica at 15 DAS. Significantly 

maximum density (13.04) was recorded in plots where rice was direct-seeded in first week of 

July (S3) while significantly minimum density was noted in plots where rice was direct-

seeded in first week of June (S1). Weed control treatments varied significantly for their effect 

on density of E. indica at 15 DAS. Significantly maximum density was recorded in plots 

which were selected to be sprayed with bispyribac-sodium (26.56). It was significantly 

different from all other treatments whereas, plots where crop water extracts were foliar 

sprayed resulted in significantly minimum density (3.51). 

Interactive effect of both factors also resulted in significant difference. Significantly 

maximum density (30.33) was noted in plots which were sown in first week of July and spray 

of bispyribac-sodium (W3S3) was scheduled after 15 days of sowing. It was significantly 

different from all other treatments. Whereas, the minimum density (2.05) was noted in plots 

which were sown in first week of July where bispyribac-sodium + 1 hoeing (W8S3) was 

planned for control of weeds. Effect of sowing time on density of E. indica at 15 DAS could 

not reach the level of significance in plots where sorghum mulch was applied for controlling 

weeds during 2008. Whereas, rest of the weed control treatments resulted in significant 

differences for different sowing times during 2008. When crop was sown in first week of 

June showed non significant differences in most of the weed control treatments. Whereas 

when crop was sown in third week of June and first week of July also showed similar trend 

during 2008. 

4.2.2.1.15. Density of E. indica at 30 DAS (m-2) 

Sowing time varied significantly for density of E. indica at 30 DAS. The maximum 

density (86.74) was noted in plots where rice was sown in first week of July (S3). Crop sown 

in first and third week of June (S1 and S2, respectively) could not reach the level of 

significance (Table 4.77). Weed control treatment varied significantly with greatest density 

(242.43) in plots where no weed control treatment was applied and weeds were allowed to 
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grow and compete throughout the growing season. It was significantly different from all 

other treatments with minimum density (11.20) in plots where manual hoeing (W4) was done. 

It was at par with all weed control treatments except in plots where sorghum mulch (W6) was 

used for control of weeds. 

Interactive effect of sowing time and weed control treatment reached significant level. 

Significantly maximum density (348.40) was noted in plots when rice was sown in first week 

of July and weeds were allowed to grow throughout the growing season (W1S3). It was 

significantly different from rest of the treatments. While the minimum density (8.08) was 

found in plots where manual hoeing was done for controlling weeds and sown directly in first 

week of June (W4S1), all the sowing times showed non significant differences within this 

treatment. Spray of penoxsulam, bispyribac-sodium, foliar spray of crop water extracts and 

bispyribac-sodium spray + 1 hoeing showed statistically similar results. Effect of sowing 

time on density of E. indica at 30 DAS showed significant differences in weedy check plots 

while rest of the weed control treatments could not reach the level of significance for sowing 

time during 2008. When crop was sown in first week of June showed non significant 

differences in plots where penoxsulam, bispyribac-sodium, foliar spray of crop water extracts 

and manual hoeing were used as weed control treatments. Whereas when crop was sown in 

third week of June and first week of July, 2008 also showed similar trend. 

4.2.2.1.16. Density of E. indica at 45 DAS (m-2) 

Sowing time had significant effect; crop sown in third week of June (S2) showed 

maximum density of E. indica at 45 DAS (82.86). Significant differences were also observed 

due to use of different weed control treatments. Significantly maximum density (172.96) was 

found in weedy check plots (W1) while the minimum density (12.46) was noted in plots 

where weeds were controlled by manual hoeing (W4). It was statistically similar with 

treatment where penoxsulam + 1 hoeing were applied. Interaction of both factors also yielded 

significant results.  

Significantly maximum interactive effect on density was found in weedy check plots 

where crop was sown in third week of June (W1S2) (209.66), rest of the treatments was 

significantly different. The minimum density (11.21) was found in plots which were sown in 

first week of June and where weeds were controlled by manual hoeing (W4S1). Some weed 
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control treatments like spray of penoxsulam, bispyribac-sodium, sorghum mulch and post-

emergence + 1 hoeing were statistically alike at all sowing times. 

Effect of sowing time on density of E. indica at 45 DAS showed significant 

differences in weedy check plots and in plots where water extracts were foliar applied along 

with integrated use of penoxsulam and manual hoeing while rest of the weed control 

treatments could not reach the level of significance for sowing time during 2008. When crop 

was sown in first week of June showed non significant differences in plots where 

penoxsulam, bispyribac-sodium and sorghum mulch were used as weed control treatments. 

Whereas when crop was sown in third week of June and first week of July, 2008 also showed 

similar trend.  

4.2.2.1.17. Density of E. indica at 60 DAS (m-2) 

Varying the sowing time had significant effect on density of E. indica at 45 DAS 

(Table 4.79). The maximum density (82.85) was found in plots where rice was sown in first 

week of June (S1). There were non significant differences between density in plots where 

crop was sown in first and third week of June (S1 and S2, respectively). Crop sown in third 

week of June and first week of July (S2 and S3, respectively) also could not reach the level of 

significance for density. 

Weed control treatments also varied significantly for density. Significantly maximum 

density (118.67) was recorded in weedy check plots (W1). There were non significant 

differences for density in treatment like pre-emergence, post-emergence spray of crop water 

extracts and bispyribac-sodium + 1 hoeing. While the minimum density (19.14) was recorded 

in plots where weeds were controlled by manual hoeing (W4). It was statistically similar to 

penoxsulam spray + 1 hoeing. 

Interactive effect of both factors also resulted in significant differences. Plots which were 

kept weedy and rice sown directly in third week of June (W1S2) (135.62) resulted in 

maximum density. It was statistically similar to weedy check plots where rice was sown in 

first week of June (W1S1) and significantly different from rest of the weed control options. 

Whereas, the minimum density (9.48) was recorded in plots where crop was sown in first 

week of July and weeds were controlled by manual hoeing (W4S3).  
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Table 4.76: Effect of sowing time and weed control method on density of E. indica (m-2) 
at 15 DAS in direct-seeded rice. 

 
LSD 5% 
Sowing time                            1.093     ns 
Weed control method   1.048     ns  
Interaction                  2.289     ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

9.02fg 15.00e 18.88d 14.30B 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam (Pre 
em.) 

3.44hi 7.07gh 9.99fg 6.83C 
0.00 

0.00 
0.00 

0.00 

W3 = Bispyribac-
sodium (Post 
em.) 

23.33c 26.01b 30.33a 26.56A 
0.00 

0.00 
0.00 

0.00 

W4 = Manual (3 
hoeings) 

11.29f 14.04e 18.82d 14.72B 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

0.00i 4.06hi 6.46gh 3.51E 
0.00 

0.00 
0.00 

0.00 

W6 = Sorghum 
mulch 

4.56h 5.41h 4.53h 4.83D 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

2.22i 4.91h 7.29gh 4.81D 
0.00 

0.00 
0.00 

0.00 

W8 =  W3 + 1 
hoeing   

2.05i 5.02h 8.00g 5.02D 0.00 0.00 0.00 0.00 

Mean 6.99C 10.19B 13.04A  0.00ns 0.00 0.00  
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 This treatment combination was statistically similar to plots where manual hoeing 

was done and rice was sown in third week of June (W4S2). When crop was sown in first week 

of June showed non significant differences in plots where penoxsulam, bispyribac-sodium 

and foliar spray of crop water extracts were used as weed control treatments. Whereas when 

crop was sown in third week of June and first week of July, 2008 also showed similar trend.  

4.2.2.1.18. Density of E. indica at 75 DAS (m-2) 

Changing the sowing time had a significant impact on density of E. indica at 75 DAS. 

The maximum density (63.96) was noted in plots where rice was sown in first week of June 

(S1). It showed non significant differences with crop sown in third week of June (S2). Weed 

control treatments caused a significant difference in density with significantly maximum in 

weedy check plots (85.55). 

Collective effect of sowing time and weed control treatment varied significantly. The 

maximum density (89.53) was recorded in plots where rice was sown in third week of June 

and in plots where weeds were allowed to grow throughout the season (W1S2). It was 

statistically similar to other two sowing times. The minimum density (8.24) was recorded in 

plots when crop was sown in first week of July and manual hoeing was done for controlling 

weeds (W4S3). Crop sown in third week of June also showed statistically non significant 

differences. When crop was sown in first week of June showed non significant differences in 

plots where penoxsulam, bispyribac-sodium alone and in integration were used for weed 

control. Whereas when crop was sown in third week of June and first week of July, 2008 also 

showed similar trend.  
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Table 4.77: Effect of sowing time and weed control method on density of E. indica (m-2) 
at 30 DAS in direct-seeded rice 

 
LSD 5% 
Sowing time                           35.036    ns 
Weed control method   34.020    ns  
Interaction                 39.056    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

85.80cd 293.09b 348.40a 242.43A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam 
(Pre em.) 

28.22de 39.06de 44.40de 37.23C 
0.00 

0.00 
0.00 

0.00 

W3 = 
Bispyribac-
sodium (Post 
em.) 

42.07de 57.55cd 61.40cd 53.67BC 
0.00 

0.00 
0.00 

0.00 

W4 = Manual 
(3 hoeings) 

8.08e 12.22de 13.30de 11.20C 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of 
sorghum and 
sunflower 
water extracts 

51.07d 53.55cd 58.50cd 54.37BC 

0.00 

0.00 

0.00 

0.00 

W6 = Sorghum 
mulch 

72.22cd 75.07cd 91.25c 79.51B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

11.11e 14.44de 16.00de 13.85C 
0.00 

0.00 
0.00 

0.00 

W8 =  W3 + 1 
hoeing   

43.05de 56.17cd 60.64cd 53.29BC 0.00 0.00 0.00 0.00 

Mean 
42.70B 

75.14A
B 86.74A  0.00ns 0.00 0.00  
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Table 4.78: Effect of sowing time and weed control method on density of E. indica (m-2) 
at 45 DAS in direct-seeded rice 

 

 
LSD 5% 
Sowing time                            18.007 
Weed control method    20.012      
Interaction                  21.204 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 151.45b 209.66a 157.76b 

172.96
A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam (Pre 
em.) 

72.08d 79.66cd 59.18de 
70.31
B 

0.00 
0.00 

0.00 
0.00 

W3 = Bispyribac-
sodium (Post 
em.) 

68.09d 73.24d 58.43de 
66.59
B 

0.00 
0.00 

0.00 
0.00 

W4 = Manual (3 
hoeings) 11.21f 14.57f 11.59f 

12.46
C 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

91.54cd 98.64c 59.21de 
83.13
B 

0.00 
0.00 

0.00 
0.00 

W6 = Sorghum 
mulch 69.57d 75.69d 73.14d 

72.80
B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

31.05ef 38.67e 14.51f 
28.08
C 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   66.66d 72.77d 55.05de 

64.83
B 0.00 0.00 0.00 0.00 

Mean 70.21A
B 82.86A 61.11B  0.00ns 0.00 0.00  
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Table 4.79: Effect of sowing time and weed control method on density of E. indica (m-2) 
at 60 DAS in direct-seeded rice 

 
LSD 5% 
Sowing time                           15.003 
Weed control method   17.007     
Interaction                 19.921 

  

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

121.45a
b 135.62a 98.94bc 118.67A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam 
(Pre em.) 

88.54bc 69.14cd 53.59de 70.42C 
0.00 

0.00 
0.00 

0.00 

W3 = 
Bispyribac-
sodium (Post 
em.) 

91.26bc 73.61cd 54.61de 73.16C 
0.00 

0.00 
0.00 

0.00 

W4 = Manual 
(3 hoeings) 

35.55e 12.39f 9.48f 19.14D 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of 
sorghum and 
sunflower 
water extracts 

96.66bc 72.53cd 58.04d 75.74BC 

0.00 

0.00 

0.00 

0.00 

W6 = Sorghum 
mulch 

107.78b 89.48bc 78.46c 91.91B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

42.44de 33.54e 12.36f 29.45D 
0.00 

0.00 
0.00 

0.00 

W8 =  W3 + 1 
hoeing   

79.08c 66.79c 51.43de 65.77C 0.00 0.00 0.00 0.00 

Mean 
82.85A 

69.14A
B 52.11B  0.00ns 0.00 0.00  
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4.2.2.1.19. Density of E. indica at 90 DAS (m-2) 

Sowing time did not caused a significant difference in density of E. indica at 90 DAS.  

Weed control treatments resulted in sizzgnificant differences. Weedy check plots (W1) 

resulted in significantly maximum density (44.19) while in all other treatments density was 

less than weedy check (W1). Penoxsulam and bispyribac-sodium resulted in non significant 

difference. Foliar spray of crop water extracts (W5) and sorghum mulch (W6) also showed 

same trend while the minimum density (9.35) was found in plots where manual hoeing (W4) 

was done. It was statistically at par with density in plots where penoxsulam + 1 hoeing was 

done to control weed. 

Collective effect of sowing time and weed control treatment resulted in significant 

differences. Weedy check plots resulted in the maximum density (48.76) in plots where rice 

was sown in first week of June (W1S1). It was statistically similar to plots where crop was 

sown in third week of June. Whereas, the minimum density (6.12) was noted in plots where 

crop was sown in first week of July where manual hoeing was done (W4S3). It was 

statistically alike to density in crop sown in third week of June in the same manually 

controlled plots. When crop was sown in first week of June showed non significant 

differences in plots where penoxsulam and bispyribac-sodium were used as weed control 

treatments. Whereas when crop was sown in third week of June and first week of July, 2008 

also showed similar trend.  

4.2.2.1.20. Density of E. indica at harvest (m-2) 

Variation in time of sowing could not significantly affect the density of E. indica at 

harvest (Table 4.82). Weed control treatments resulted in significant differences. 

Significantly maximum density (17.23) was noted in weedy check plots (W1) whereas, 

significantly minimum density (4.29) was noted in plots where manual hoeing (W4) was 

done. 

Interaction also resulted in significant differences. The maximum density (18.50) was 

noted in weedy check plots where rice was sown in first week of June (W1S1). It was 

statistically similar to other two sowing times for weed density. Though there was significant 

difference for density between all weed control treatments but within each weed control 
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treatment there was non significant difference for effect of sowing time. The minimum 

density (4.14) was noted in plots where weeds were controlled by manual hoeing when sown 

in first week of July (W4S3). Manual hoeing treatment showed non significant differences 

among each other at all sowing times. 

When crop was sown in first week of June showed non significant differences in plots 

where penoxsulam and bispyribac-sodium spray were used as weed control treatments. 

Whereas when crop was sown in third week of June and first week of July, 2008 also showed 

similar trend. 

4.2.2.1.21. Total weed density at harvest (m-2) 

Year effect was significant therefore the data of both years is given separately. The 

effect of variation in sowing time was significant (Table 4.83). The maximum total weed 

density at harvest (m-2) (98.30 and 66.94) was observed in plots where crop was sown in first 

week of July (S3) during 2008 and 2009, respectively. Crop sown in first and third week of 

June (S1 and S2 , respectively) could not reach the significant level with each other in 

growing seasons of 2008 whereas, in 2009 sowing of crop in third week of June and first 

week of July resulted in non significant differences. 

Weed control treatments also resulted in significant differences in total weed density 

at harvest with maximum (205.75 and 152.09) in weedy check plots (W1) during growing 

season of 2008 and 2009, respectively. It was statistically at par with treatment where 

bispyribac-sodium was used for control of weeds. It was because of poor control of D. 

aegyptium weed by bispyribac-sodium (nominee) during both years. Whereas, the minimum 

density (21.76 and 12.36) was noted in plots where weeds were controlled by manual hoeing 

(W4). 

Interaction resulted in significant differences with the maximum (221.22 and 164.38) in 

weedy check plots where rice was sown in first week of July (W1S3) during 2008 and 2009. It 

was statistically at par with crop sown in first week of June in growing season of 2008 while 

in 2009 at par with rice sown in third week of June. Plots where bispyribac-sodium was 

applied and where rice was sown directly in first week of July (W3S3) during both years 

resulted in more number of weeds than other two sowing dates.  
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Table 4.80: Effect of sowing time and weed control method on density of E. indica (m-2) 
at 75 DAS in direct-seeded rice 

 
LSD 5% 
Sowing time                           9.504    ns 
Weed control method   8.003    ns 
Interaction                 10.001    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 87.17ab 89.53a 79.94ab 

85.55
A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam 
(Pre em.) 

69.51bc 59.39cd 43.66de 
57.52
C 

0.00 
0.00 

0.00 
0.00 

W3 = 
Bispyribac-
sodium (Post 
em.) 

63.19cd 61.49cd 49.63de 
58.10
C 

0.00 
0.00 

0.00 
0.00 

W4 = Manual 
(3 hoeings) 30.47f 10.24g 8.24g 

16.32
E 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of 
sorghum and 
sunflower 
water extracts 

79.08b 70.02bc 53.24d 
67.45
B 

0.00 

0.00 

0.00 

0.00 

W6 = Sorghum 
mulch 81.54a 78.14b 67.44c 

75.71
B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

39.14ef 28.94f 10.43g 
26.17
D 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   61.55cd 49.07de 40.59e 

50.40
C 0.00 0.00 0.00 0.00 

Mean 63.96A 55.85A 44.15B  0.00ns 0.00 0.00  
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Table 4.81: Effect of sowing time and weed control method on density of E. indica (m-2) 
at 90 DAS in direct-seeded rice  

 
LSD 5% 
Sowing time               ns      ns 
Weed control method  4.982     ns 
Interaction     5.204     ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 48.76a 44.47ab 39.34b 

44.19
A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam 
(Pre em.) 

28.34cd 25.13de 15.24ef 
22.90
CD 

0.00 
0.00 

0.00 
0.00 

W3 = 
Bispyribac-
sodium (Post 
em.) 

31.41cd 30.14cd 20.12e 
27.22
C 

0.00 
0.00 

0.00 
0.00 

W4 = Manual 
(3 hoeings) 

13.89f 08.05g 6.12g 9.35E 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of 
sorghum and 
sunflower 
water extracts 

36.66bc 33.41c 27.29d 
32.45
B 

0.00 

0.00 

0.00 

0.00 

W6 = Sorghum 
mulch 41.32b 38.52bc 30.29cd 

36.71
B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

19.16e 13.91f 8.22g 
13.76
E 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   26.67d 19.67e 12.47fg 

19.60
D 0.00 0.00 0.00 0.00 

Mean 30.78ns 26.66 19.89  0.00ns 0.00 0.00  
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Whereas, sowing in third week of June during growing season of 2009 also resulted in non 

significant differences. Other treatments resulted in significant differences. 

The minimum total density of weeds (21.34 and 9.87) was noted in plots where 

manual hoeing was done three times and when sown in first week of June (W4S1). There was 

non significant difference for different sowing times in plots where manual hoeing was done. 

Plots in which penoxsulam was applied resulted in non significant differences for sowing 

time during both years. Similar trend was also noted in plots where post-emergence 

herbicide, foliar spray of crop water extracts, sorghum mulch, penoxsulam spray + one 

hoeing and application of bispyribac-sodium + one hoeing for weed control during both 

years. When crop was sown in first week of June showed non significant differences in 

weedy check and bispyribac-sodium application for controlling weeds during both years. 

Whereas when crop was sown in third week of June and first week of July also showed 

similar trend. 

4.2.2.2. Weed dry weight (g m-2) 

4.2.2.2.1. Dry weight of T. portulacastrum at 15 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time resulted in significant variation in dry weight of T. portulacastrum at 15 DAS 

(Table 4.84). The maximum dry weight (0.77 and 0.47 g m-2) was noted in plots where rice 

was sown in first week of July (S3) during growing season of 2008 and 2009. Crop sown in 

third week of June (S2) also showed non significant differences with crop sown in first week 

of July during both years. 

Whereas, in growing season of 2009 crop sown in first and third week of June could 

not reach the significant level. Effect of weed control treatment on dry weight was also 

significant with maximum dry weight in plots where manual hoeing (W4) was planned (1.60 

and 0.98 g m-2) during 2008 and 2009, respectively. Whereas, in growing season of 2008 

weedy check plots (W1) also showed statistically similar dry weight to manual hoeing 

treatment. 
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Table 4.82: Effect of sowing time and weed control method on density of E. indica (m-2) 
at harvest in direct-seeded rice 

 
LSD 5% 
Sowing time                           ns     ns 
Weed control method   1.016    ns   
Interaction                 2.181    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

 18.50a 16.55ab 16.64ab 

                
17.23 
A 

0.00ns 
0.00 

0.00 
0.00ns 

W2 = 
Penoxsulam 
(Pre em.) 11.04cd 11.60c 11.44cd 

         
11.36 
D 

0.00 
0.00 

0.00 
0.00 

W3 = 
Bispyribac-
sodium (Post 
em.) 

11.11cd 12.01c 12.22c 

                
11.78 
D 

0.00 
0.00 

0.00 
0.00 

W4 = Manual (3 
hoeings) 4.44f 4.29f 4.14f 

                  
4.29 G 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of 
sorghum and 
sunflower water 
extracts 

14.45b 14.07bc 14.51b 

                
14.34 
C 

0.00 

0.00 

0.00 

0.00 

W6 = Sorghum 
mulch 

15.55b 15.33b 15.40b 

                
15.43 
B 

0.00 
0.00 

0.00 
0.00 

W7 = W2 + 1 
hoeing    06.66e 05.55ef 5.33ef 

                  
5.85 F 0.00 0.00 0.00 0.00 

W8 =  W3 + 1 
hoeing   09.26d 8.08de 08.44de 

                  
8.59 E 0.00 0.00 0.00 0.00 

Mean 11.38ns 10.94 11.02  0.00ns 0.00 0.00  
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Table 4.83: Effect of sowing time and weed control method on total weed density (m-2) 
at harvest in direct-seeded rice  

 
LSD5%     2008     2009 
Sowing time                           05.395                                                 4.630 
Weed control method   20.755     16.596 
Interaction                24.688     19.621 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week 

of July 

Mean 

W1 = Weedy check 199.64a
b 196.38b 221.22a 

205.7
5A 139.67b 

152.21a
b 

164.38
a 

152.0
9A 

W2 = Penoxsulam (Pre 
em.) 34.69e 33.45e 34.33e 

34.16
D 15.62e 18.76de 

20.49d
e 

18.29
CD 

W3 = Bispyribac-sodium 
(Post em.) 188.67b 186.64b 

203.64a
b 

192.9
8A 138.19b 

150.86a
b 

153.64
ab 

147.5
6A 

W4 = Manual (3 hoeings) 
21.34e 22.39e 21.55e 

21.76
D 9.87e 12.94e 14.28e 

12.36
D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

99.18c 98.64c 101.59c 
99.80
B 50.29cd 54.44cd 59.47c 

54.73
B 

W6 = Sorghum mulch 
110.26c 112.34c 111.40c 

111.3
3B 57.28c 63.66c 69.48c 

63.47
B 

W7 = W2 + 1 hoeing   
  26.87e 27.63e 29.14e 

27.88
D 13.64e 16.76e 16.49e 

15.63
CD 

W8 =  W3 + 1 hoeing   
59.61d 60.20d 63.50d 

61.10
C 28.49de 30.48de 37.27d 

32.08
C 

Mean 92.53B 92.21B 98.30A  56.63B 62.51A 66.94A  
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Interaction of sowing time and weed control resulted in significant differences. The 

maximum dry weight (2.01 g m-2) in growing season of 2008 was noted in weedy check plots 

where rice was sown in first week of July (W1S3). Whereas, in growing season of 2009, 

maximum dry weight (1.19 g m-2) was noted in plots which were selected for manual hoeing 

for controlling weeds sown in field directly in first week of July (W4S3). 

Non significant differences were observed between dry weight of weedy check plots 

in plots where sowing was done in third week of June and first week of July (W1S2 and 

W1S3, respectively) in growing seasons of 2008. Same trend was also observed between 

crops sown in first week of July in weedy check plots (W1S3) and plots selected for manual 

hoeing (W3S3) during both years. While rest of the treatments showed significant differences. 

Whereas, the minimum dry weight (0.06 g m-2) was noted in plots where sorghum mulch was 

applied in growing season of 2008 when sown in first week of June (W6S1). Whereas, in 

growing season of 2009 minimum dry weight (0.03 g m-2) was noted in plots where sowing 

was done in first week of June and penoxsulam + 1 hoeing (W7S1) was the weed control 

treatment. There were non significant differences for sowing time in these weed control 

treatments. When crop was sown in first week of June showed non significant differences in 

most of the weed control treatments. Crop was sown in third week of June and first week of 

July, 2008 also showed similar trend.  

4.2.2.2.2. Dry weight of T. portulacastrum at 30 DAS (g m-2) 

Year effect was significant therefore; the data of both years is given separately. Effect 

of sowing time was significant on dry weight of T. portulacastrum at 30 DAS. The maximum 

dry weight (112.59 and 83.07 g m-2) was noted in plots where rice was sown in first week of 

July (S3) during 2008 and 2009, , respectively. Crop sown in third week of June (S2) also 

showed non significant differences with crop sown in first week of July during both years. 

Crop sown in first and third week of June could not reach the significant level during both 

years. 

Weed control treatments also varied significantly for their effect on dry weight. 

Significantly maximum dry weight of the weed (213.60 and 157.02 g m-2) was noted in 

weedy check plots (W1) during 2008 and 2009, respectively. While significantly different 
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from rest of the weed control treatments. While the minimum dry weight (20.26 and 7.16 g 

m-2) was noted in manual hoeing treatment (W4) during 2008 and 2009, respectively. It was 

statistically at par with plots where weeds were controlled by spray of pre-emergence + 1 

hoeing (W7) and bispyribac-sodium + 1 hoeing. 

Collective effect of both factors resulted in the maximum dry weight (241.52 and 

179.89 g m-2) in weedy check plots sown in first week of July (W1S3) during 2008 and 2009, 

respectively. It showed statistically non significant differences with dry weight of weedy 

check plots where rice was sown in third week of June (W1S2) during both years. It showed 

significant differences for rest of the treatments. The minimum dry weight (13.09 and 4.93 g 

m-2) was recorded in plots where manual hoeing was done and crop was sown in first week 

of June (W4S1) during 2008 and 2009, respectively. It showed non significant differences 

with other two sowing times as well during both years. Most of the sowing time treatments 

showed non significant differences within each weed control treatment during both years. 

When crop was sown in first week of June showed non significant differences in plots where 

penoxsulam, manual hoeing and integration of penoxsulam with one hoeing were used as 

weed control treatments during both years. Whereas when crop was sown in third week of 

June and first week of July, also showed similar trend.  

4.2.2.2.3. Dry weight of T. portulacastrum at 45 DAS (g m-2) 

Year effect was significant therefore; the data of both years is given separately. Effect 

of sowing time was significant on dry weight of T. portulacastrum at 30 DAS. The maximum 

dry weight (127.11 and 83.67 g m-2) was noted in plots where rice was sown in first week of 

July (S3) during 2008 and 2009, respectively. Crop sown in third week of June (S2) also 

showed non significant differences with crop sown in first week of July during both years. 

Crop sown in first and third week of June could not reach the significant level during both 

years. 
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Table 4.84: Effect of sowing time and weed control method on dry wt. of T. 
portulacastrum (g m-2) at 15 DAS in direct-seeded rice  

 

 
LSD5%     2008     2009 
Sowing time    0.144                                                  0.109 
Weed control method   0.495     0.115 
Interaction                0.482                0.264 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 1.21b 1.71a 2.01a 1.64A 0.61c 0.57cd 1.02a 0.73B 

W2 = Penoxsulam (Pre 
em.) 0.07d 0.12d 0.26cd 

0.15B
C 0.04e 0.07e 0.12e 0.08D 

W3 = Bispyribac-sodium 
(Post em.) 0.44cd 0.51cd 0.59cd 

0.51B
C 0.25de 0.42d 0.41d 0.36C 

W4 = Manual (3 
hoeings) 

1.27b 1.69ab 1.83a 1.60A 0.84bc 0.92b 1.19a 0.98A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

0.41cd 0.49cd 0.56cd 
0.49B
C 0.26de 0.38de 0.46cd 0.37C 

W6 = Sorghum mulch 0.06d 0.09d 0.07d 0.07C 0.08e 0.07e 0.05e 0.07D 

W7 = W2 + 1 hoeing   
  

0.05d 0.07d 0.12d 0.08C 0.03e 0.05e 0.09e 0.06D 

W8 =  W3 + 1 hoeing   0.49cd 0.58cd 0.69c 0.59B 0.28de 0.38de 0.45cd 0.37C 

Mean 0.50B 0.66A 0.77A  0.30B 0.36AB 0.47A  
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Effect of weed control treatment on dry weight was also significant. Significantly 

maximum dry weight (219.73 and 158.86 g m-2) was found in plots where weeds were 

allowed to compete with crop throughout the growing season (W1) during growing season of 

2008 and 2009, respectively. It was significantly different from rest of the treatments 

whereas, significantly minimum dry weight (12.58 and 11.13 g m-2) was observed in plots 

where manual hoeing (W4) was done during 2008 and 2009, respectively. 

Interactive effect of sowing time and weed control treatment resulted in significant 

differences. The maximum dry weight (234.70 and 162.11 g m-2) was noted in weedy check 

plots where rice was direct-seeded in first week of July (W1S3) during 2008 and 2009 , 

respectively. In the same weed control treatment, other two sowing times also showed 

statistically non significant difference. In some of the treatments as clear from data presented 

in table – there were non significant differences for changing the sowing time in few of the 

weed control treatments. Whereas, significantly minimum dry weight (10.25 and 8.92 g m-2) 

was recorded in plots where manual hoeing was done three times for control of weeds when 

sown in field in first week of June (W4S1). When crop was sown in first week of June 

showed non significant differences in plots where foliar spray of crop water extracts and 

sorghum mulch were used as weed control treatments during both years. Whereas when crop 

was sown in third week of June and first week of July, also showed similar trend.  

4.2.2.2.4. Dry weight of T. portulacastrum at 60 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. 

Significantly maximum dry weight of T. portulacastrum at 45 DAS (119.19 and 83.78 g m-2) 

was recorded in plots where rice was sown in first week of June (S1) during growing seasons 

of 2008 and 2009 , respectively. Other two sowing times also differed significantly from first 

sowing and also with each other. 
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Table 4.85: Effect of sowing time and weed control method on dry wt. of T. 
portulacastrum (g m-2) at 30 DAS in direct-seeded rice  

 
LSD 5%     2008     2009 
Sowing time                           20.619                                                 18.068 
Weed control method   26.722     22.919 
Interaction                 31.463                27.906 

Y × S   =  * 
Y × W  = *   
Y × S × W  = *  

Weed control method Sowing  Time Sowing  Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week 

of July 

Mean 

W1 = Weedy check 179.83b 219.44a 241.52a 213.60
A 

135.73b
c 155.43ab 179.89

a 
157.0
2A 

W2 = Penoxsulam (Pre 
em.) 31.77ef 46.50ef 57.59e 45.29

D 20.34ef 25.43ef 29.59e
f 

25.12
D 

W3 = Bispyribac-sodium 
(Post em.) 98.04d 112.72d 134.41c

d 
115.06
C 62.29de 72.49d 101.73

c 
78.84
C 

W4 = Manual (3 
hoeings) 13.09f 19.36f 28.34ef 20.26

D 4.93f 8.07f 8.49f 7.16D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

133.06c
d 

162.29c
d 

171.21c
d 

155.52
B 

102.36c 116.52c 136.15
bc 

118.3
4B 

W6 = Sorghum mulch 144.56c 167.52b
c 182.67b 164.92

B 104.28c 133.88bc 148.64
b 

128.9
3B 

W7 = W2 + 1 hoeing   
  16.53f 21.42f 33.46ef 23.80

D 15.80ef 16.73ef 23.47e
f 

18.67
D 

W8 =  W3 + 1 hoeing   22.66f 39.53ef 51.48ef 37.89
D 12.42ef 22.22ef 36.56e 23.73

D 

Mean 
79.94B 

98.60A
B 112.59A  57.27B 68.85AB 

83.07
A   
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Weed control treatments also differed significantly for dry weight with the maximum 

(121.27 and 86.81 g m-2) in plots where weeds continued to compete with rice until harvest 

of the crop during 2008 and 2009, respectively. It was statistically at par with sorghum mulch 

treatment (W6) during both years and was significantly different from rest of the treatments. 

Plots where weeds were controlled by three manual hoeings (W4) resulted in minimum dry 

weight. 

Combined effect of sowing time and weed control treatments yielded significant 

differences. Statistically significant and maximum dry weight (198.83 and 143.14 g m-2) was 

recorded in plots where rice was directly seeded in first week of June and competition 

between crop and weed lasted until harvest of the crop (W1S1) during 2008 and 2009. This 

treatment was significantly different from rest of the treatments whereas, minimum dry 

weight (9.51 and 3.48 g m-2) was recorded in plots where rice was sown in first week of July 

and manual hoeing was done thrice for controlling weeds. When crop was sown in first week 

of June showed non significant differences in plots where penoxsulam and bispyribac-

sodium spray were used as weed control treatments during both years. Whereas when crop 

was sown in third week of June and first week of July, also showed similar trend. 

4.2.2.2.5. Dry weight of T. portulacastrum at 75 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. Rice 

sown in first week of June (S1) resulted in significantly maximum dry weight (39.56 and 

26.37 g m-2) during 2008 and 2009, respectively. Sowing of crop at different times resulted in 

significant differences among each other. Dry weight of T. portulacastrum as influenced by 

weed control treatments was significant with statistically maximum dry weight (39.90 and 

21.19 g m-2) during 2008 and 2009, respectively. This treatment varied significantly from rest 

of the treatments. While the minimum dry weight (3.58 and 1.79 g m-2) was noted in plots 

where weeds were controlled by three manual hoeings (W4). 
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Table 4.86: Effect of sowing time and weed control method on dry wt. of T. 
portulacastrum (g m-2) at 45 DAS in direct-seeded rice 
 

 
LSD5%     2008     2009 
Sowing time                           18.076                                                 11.774 
Weed control method   31.418     19.066 
Interaction                32.064                22.524 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 205.33a
b 

219.16a
b 234.70a 219.73

A 156.69a 157.77a 162.11a 158.86
A 

W2 = Penoxsulam (Pre 
em.) 91.75de 109.54d 108.80d 103.36

D 44.53de 58.54cd 64.36cd 55.81C
D 

W3 = Bispyribac-sodium 
(Post em.) 111.79d 142.02c

d 151.18c 135.00
C 62.19cd 73.65cd 80.38c 72.07C 

W4 = Manual (3 
hoeings) 

10.25f 11.39f 16.09f 12.58F 8.92e 10.94e 13.52e 11.13E 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

158.79b
c 

169.82b
c 

173.64b
c 

167.42
B 

112.47b 119.79b 123.47b 118.58
B 

W6 = Sorghum mulch 169.32b
c 

182.42b
c 187.03b 179.59

B 120.97b 124.41b 128.78b 124.72
B 

W7 = W2 + 1 hoeing   
  41.64ef 43.21ef 52.17e 45.67

E 24.54e 29.62de 32.29de 28.82E 

W8 =  W3 + 1 hoeing   71.31e 83.44de 93.28de 82.68
D 37.72de 51.94d 64.47cd 51.38

D 

Mean 
107.52B 

120.13A
B 127.11A  71.00B 

78.33A
B 83.67A  
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 Cumulative effect of sowing time and weed control practices resulted significant 

results. Crop sown in first week of June and kept weedy throughout the growing season 

(W1S1) resulted in significantly maximum dry weight (92.24 and 53.69 g m-2) during 2008 

and 2009, respectively. Whereas, the minimum dry weight (1.56 g m-2) in 2008 was recorded 

in plots where weeds were manually controlled by three hoeings and sown in first week of 

July (W4S3). Significantly minimum dry weight was recorded in plots which were sown in 

third week of June 2009 in manual hoeing treatment while there was zero dry weight in crop 

sown in first week of July. When crop was sown in first week of June showed non significant 

differences in plots where penoxsulam, bispyribac-sodium, foliar spray of crop water extracts 

and sorghum mulch were used as weed control treatments during both years. Whereas when 

crop was sown in third week of June and first week of July, also showed similar trend. 

4.2.2.2.6. Dry weight of T. portulacastrum at 90 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. 

Significantly maximum dry weight of T. portulacastrum at 90 DAS (9.48 and 4.70) was 

noted in plots which were sown in first week of June (S1) during 2008 and 2009, 

respectively. Statistically significant differences among all sowing times were observed with 

least being in plots where crop was sown in first week of July (S3) during both years. 

Different weed control treatments also significantly affected the dry weight. The 

maximum dry weight (8.95 and 4.17 g m-2) was observed in weedy check plots (W1) where 

weeds competed with rice crop throughout the growing season. It was statistically alike to 

treatments where sorghum mulch (W6) was applied during both years whereas, in 2009 plots 

where foliar spray of crop water extracts (W5) was done also could not reach the significant 

level to weedy check (W1). Whereas, the minimum dry weight (1.95 and 0.76 g m-2) was 

recorded in plots where weeds were controlled by manual hoeing (W4). 

Interaction yielded significant results with significantly maximum dry weight (18.08 

and 7.86 g m-2) in weedy check plots which were directly seeded in first week of June 

(W1S1). Foliar application of crop water extracts and sorghum mulch application also could 

not reach the level of significance with weedy check for dry weight in growing season of 

2009. While rest of the treatments were significantly different from each other. 
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Table 4.87: Effect of sowing time and weed control method on dry wt. of T. 
portulacastrum (g m-2) at 60 DAS in direct-seeded rice 

 

 
LSD 5%     2008     2009 
Sowing time    23.779                                                  16.640 
Weed control method             26.686     18.683 
Interaction                30.473     20.962 

Y × S   =  * 
Y × W  = *   
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 198.83a 119.27cd 45.72ef 121.27
A 143.14a 93.42c 23.87ef 86.81

A 

W2 = Penoxsulam (Pre 
em.) 131.39c 44.84ef 21.96f 66.06

BC 
103.95b
c 32.62ef 11.56f 49.38

B 

W3 = Bispyribac-sodium 
(Post em.) 145.20bc 61.24e 25.62f 77.35

BC 98.73c 38.07e 16.59f 51.13
B 

W4 = Manual (3 
hoeings) 19.16f 11.44f 9.51f 13.37

D 11.58f 6.43f 3.48f 7.16D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

138.44bc 85.27de 29.19f 84.30
B 

104.74b
c 64.28d 19.90ef 62.97

B 

W6 = Sorghum mulch 167.76b 94.09d 35.93ef 99.26
AB 121.71b 68.72d 17.81ef 69.41

AB 

W7 = W2 + 1 hoeing   
  51.43ef 24.41f 16.36f 30.73

CD 31.01ef 14.72f 10.20f 18.64
CD 

W8 =  W3 + 1 hoeing   101.34cd 35.94ef 18.53f 51.94
C 55.35de 15.39f 10.22f 26.99

C 

Mean 119.19A 59.56B 25.35C  83.78A 41.71B 14.20C   
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Table 4.88: Effect of sowing time and weed control method on dry wt. of  T. 
portulacastrum (g m-2) at 75 DAS in direct-seeded rice  

 
LSD5%     2008     2009 
Sowing time                           4.740                                                   3.011 
Weed control method   6.315     3.186 
Interaction                10.455     6.506 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 
method 

Sowing Time Sowing Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 92.24a 20.59cd 06.86de 39.90

A 53.69a 07.16fg 02.71g 21.19
A 

W2 = 
Penoxsulam (Pre 
em.) 

40.72b 11.32de 3.39e 18.48
B 

24.67d 4.17fg 01.35g 10.06
CD 

W3 = Bispyribac-
sodium (Post 
em.) 

42.32b 11.72de 3.88e 19.31
B 

26.45d 6.48fg 01.58g 11.50
C 

W4 = Manual (3 
hoeings) 

05.61de 03.58e 1.56e 3.58D 4.05fg 1.31g 0.00g 1.79E 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

45.99b 13.65de 4.65e 21.43
B 

34.40c 7.60fg 02.03g 14.68
BC 

W6 = Sorghum 
mulch 46.95b 14.05de 4.82e 21.94

B 41.53b 8.71fg 2.09g 17.44
B 

W7 = W2 + 1 
hoeing   
  

15.74d 07.47de 1.96e 8.39C
D 

09.45f 01.87g 0.55g 3.96D
E 

W8 =  W3 + 1 
hoeing   26.88c 09.55de 2.09e 12.84

C 16.75e 02.93g 1.02g 6.90D 

Mean 39.56A 11.49B 3.65C  26.37A 5.03B 1.42C   
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Plots where rice was sown in first week of July under manual hoeing treatment 

(W4S3) resulted in the minimum dry weight (0.28 g m-2) in growing season of 2008. 

Whereas, rice sown in third week of June under manually controlled plots (W4S2) resulted in 

minimum dry weight (1.04 g m-2) whereas, crop was sown in first week of July showed zero 

dry weight. Changing the sowing time could not bring significant differences in dry weight 

of manually hoed plots during both years. When crop was sown in first week of June showed 

non significant differences in plots where penoxsulam and bispyribac-sodium were applied to 

control weed during both years. Whereas when crop was sown in third week of June and first 

week of July, also showed similar trend.  

4.2.2.2.7. Dry weight of D. aegyptium at 15 DAS (g m-2) 

As the year effect was significant therefore the data of both years is given separately. 

Changing the sowing time resulted in significant variation in dry weight of D. aegyptium. 

Significantly maximum dry weight (0.19 g m-2) was recorded in plots where rice was sown in 

first week of June (S1), 2008 while in growing season of 2009 significantly maximum dry 

weight (0.22 g m-2) was observed in plots where rice was sown in first week of July (S3). 

Whereas, rice sown in first and third week of June (S2), 2009 resulted in non significant 

differences among each other for dry weight of D. aegyptium at 15 DAS. 

Weed control treatments gave significant difference with maximum (0.34 and 0.65 g 

m-2) in plots which were supposed to be applied with bispyribac-sodium after 15 days of 

sowing during 2008 and 2009, respectively. It varied significantly from all other treatments 

while minimum dry weight was recorded in plots which were treated by penoxsulam (0.01 

and 0.01 g m-2) during both years. It was statistically similar to plots where pre-emergence + 

1 hoeing (W7) were done during both years. 
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Table 4.89: Effect of sowing time and weed control method on dry wt. of T. 
portulacastrum (g m-2) at 90 DAS in direct-seeded rice 

 

LSD 5%     2008     2009 
Sowing time                           1.646                                                   0.785 
Weed control method   1.569     0.970 
Interaction                3.081     1.921 

Y × S   =  * 
Y × W  = * 
Y × S × W  = *    

 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 18.08a 06.49cd 02.29d 8.95A 07.86a 03.54bc 01.11cd 4.17A 

W2 = Penoxsulam (Pre 
em.) 7.61cd 4.09de 1.18e 4.29C

D 3.85bc 2.26c 0.39cd 2.17B 

W3 = Bispyribac-sodium 
(Post em.) 

8.18c 4.41de 1.54e 4.71C 4.32b 2.48bc 0.46cd 2.42B 

W4 = Manual (3 
hoeings) 

3.44de 02.14de 0.28e 1.95D 1.24cd 1.04cd 0.00d 0.76C 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

13.94b 5.22c 1.76e 
6.97B 

6.60a 2.86bc 0.81cd 
3.42A 

W6 = Sorghum mulch 14.70b 5.64c 1.94e 7.43A
B 7.80a 3.17bc 0.92cd 3.98A 

W7 = W2 + 1 hoeing   
  4.81de 3.33de 0.86e 3.00D 2.80bc 1.70cd 0.27d 1.59B

C 

W8 =  W3 + 1 hoeing   5.10d 3.79de 0.85e 3.25C
D 3.04bc 1.81cd 0.32d 1.72B

C 

Mean 9.48A 4.39B 1.34C  4.70A 2.36B 0.54C   
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Interaction also gave significant results with maximum dry weight (0.99 g m-2) in 

plots which were subjected to be treated with bispyribac-sodium when sown in first week of 

June (W3S1), 2008 while in growing season of 2009 significantly maximum dry weight (1.02 

g m-2) was noted in plots which were sown in first week of July and planned to be sprayed 

with bispyribac-sodium (W3S3). These were significantly different from rest of the treatments 

during both years. While the minimum dry weight (0.02 g m-2) in growing season of 2008 

was noted in plots which were selected to be sprayed with bispyribac-sodium when sown in 

first week of July (W3S3) and it was statistically at par with other treatments as can be seen in 

table4.90. Whereas, in growing season of 2009, the minimum (0.03 g m-2) was recorded in 

plots which were sown directly in third week of June and applied with penoxsulam (W2S2) 

for weed control. There were few plots where the dry weight of the weed was zero. When 

crop was sown in first week of June showed variable differences in different weed control 

treatments during both years. Whereas when crop was sown in third week of June and first 

week of July, also showed similar trend. 
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Table 4.90: Effect of sowing time and weed control method on dry wt.  of D. aegyptium 
(g m-2) at 15 DAS in direct-seeded rice 

  
 
LSD 5%     2008     2009 
Sowing time                           0.020                                                   0.090 
Weed control method   0.030     0.039 
Interaction                 0.050     0.092 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week 

of July 

Mean 

W1 = Weedy check 0.00f 0.08e 0.12d 0.07C 0.00d 0.06d 0.09d 0.05D 

W2 = Penoxsulam (Pre 
em.) 

0.00f 0.00f 0.03ef 0.01D 0.00d 0.03d 0.00d 0.01D 

W3 = Bispyribac-sodium 
(Post em.) 

0.99a 0.00f 0.02f 0.34A 0.42b 0.50b 1.02a 0.65A 

W4 = Manual (3 hoeings) 0.29b 0.17cd 0.20c 0.22B 0.15cd 0.18cd 0.20c 0.18B 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

0.00f 0.05ef 0.18c 0.08C 0.06d 0.08d 0.15cd 0.10C 

W6 = Sorghum mulch 
0.15cd 0.04ef 0.08e 0.09C 0.08d 0.06d 0.08d 

0.07C
D 

W7 = W2 + 1 hoeing   
  

0.00f 0.00f 0.06ef 0.02D 0.00d 0.00d 0.08d 0.03D 

W8 =  W3 + 1 hoeing   0.11d 0.02f 0.05ef 0.06C 0.05d 0.06d 0.14cd 0.08C 

Mean 0.19A 0.05C 0.09B  0.10B 0.12B 0.22A  
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4.2.2.2.8. Dry weight of D. aegyptium at 30 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. 

Varying the time of seeding of rice resulted in significant differences among all sowing times 

(Table 4.91). Significantly maximum dry weight of D. aegyptium (17.10 and 10.95 g m-2) 

was recorded in plots which were sown in first week of July (S3) during growing season of 

2008 and 2009. While the significantly minimum dry weight was found in plots which were 

sown in first week of June (S1) during both years. 

Effect of weed control treatments on dry weight was proved to be significant. The 

maximum weed dry weight (16.86 and 10.56 g m-2) was recorded in plots subjected to weedy 

check (W1) condition during growing seasons of 2008 and 2009, respectively. Whereas, 

bispyribac-sodium spray proved ineffective for control of the weed so statistically non 

significant differences were observed with weedy check (W1) for weed dry weight during 

both years. But weedy check treatment was significantly different from all other weed control 

treatment. 

The most efficient method of weed control was found to be manual hoeing treatment 

(W4) where the minimum weed dry weight (3.72 and 2.46 g m-2) was found during growing 

season of 2008 and 2009 , respectively. Interaction also proved to be significantly variable 

with the maximum dry weight (25.40 and 16.75 g m-2) in weedy check plots when sown in 

first week of July (W1S3) during 2008 and 2009, respectively. It was statistically at par with 

plots where bispyribac-sodium was applied.  

Manual hoeing proved to be most successful in terms of controlling weed dry weight 

with the minimum in plots where crop was sown in first week of June (W4S1) (2.73 and 1.54 

g m-2) during both years , respectively. There was non significant difference for sowing time 

within a treatment where penoxsulam + 1 hoeing were applied to control weeds during both 

years. Same trend was also observed for plots where penoxsulam was sprayed for controlling 

weeds. When crop was sown in first week of June showed non significant differences in 

weedy check plots and where bispyribac-sodium was applied to control D. aegyptium during 

both years. Whereas when crop was sown in third week of June and first week of July, also 

showed similar trend.  
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Table 4.91: Effect of sowing time and weed control method on dry wt. of D. aegyptium 
(g m-2) at 30 DAS in direct-seeded rice.  

 

 
LSD5%     2008     2009 
Sowing time                           1.982                                                   1.196 
Weed control method   2.682     1.400 
Interaction                5.361     3.501 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

Weed control method 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 10.52c 14.66bc 25.40a 16.86
A 6.58cd 8.36c 16.75a 10.56

A 

W2 = Penoxsulam (Pre 
em.) 

4.27d 7.75cd 12.48c 8.17C 2.75d 4.06d 7.47cd 4.76D 

W3 = Bispyribac-
sodium (Post em.) 10.41c 14.65bc 25.38a 16.81

A 6.61cd 8.61c 16.71a 10.64
A 

W4 = Manual (3 
hoeings) 

2.73d 3.41d 5.02d 3.72D 1.54d 2.58d 3.25d 2.46E 

W5 = Foliar spray of 
sorghum and 
sunflower water 
extracts 

6.02d 9.27cd 18.59b 11.29
B 

3.65d 5.16cd 11.96bc 
6.92C 

W6 = Sorghum mulch 6.31d 10.52cd 20.28ab 12.37
B 4.19d 5.92cd 12.28b 7.46C 

W7 = W2 + 1 hoeing   
  3.54d 5.41d 6.42d 5.12D 2.07d 3.91d 4.41d 3.46D

E 

W8 =  W3 + 1 hoeing   9.56c 12.74c 23.25ab 15.18
A 5.42c 6.68c 14.74ab 8.95B 

Mean 6.67C 9.80B 17.10A  4.10C 5.66B 10.95A   
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4.2.2.2.9. Dry weight of D. aegyptium at 45 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. Effect 

of sowing time was significant on dry weight of D. aegyptium at 45 DAS. Plots where rice 

was sown in first week of July (S3) resulted in significantly maximum dry weight (29.50 and 

19.98 g m-2) during 2008 and 2009, respectively. All the sowing times resulted in significant 

differences in dry weight while significantly minimum dry weight was recorded in plots 

where rice was sown in first week of June (S1) during both years. 

Weedy check plots (W1) resulted in the maximum dry weight (47.37 and 29.73 g m-2) 

while plots where bispyribac-sodium was sprayed for controlling weed resulted in 

statistically non significant difference during both years while it was statistically different 

from all other treatments. The most successful method for reducing the growth and dry 

weight (3.21 and 2.52 g m-2) of weed was found to be manual hoeing thrice (W4). 

Combined effect of both factors resulted in the maximum dry weight (54.20 and 

35.50 g m-2) in weedy check plots where rice was sown in first week of July (W1S3). It was 

statistically at par with treatments where bispyribac-sodium was applied during both years at 

same sowing time. While crop sown in third week of June, 2008 in plots sprayed with 

bispyribac-sodium (W3S2) also resulted in statistically non significant difference with weedy 

check. Crop sown in third week of June and first week of July resulted in non significant 

differences during both years. Rest of the treatments showed significant differences. When 

crop was sown in first week of June showed non significant differences in weedy check plots 

and where bispyribac-sodium was applied to control D. aegyptium during both years. 

Whereas when crop was sown in third week of June and first week of July, also showed 

similar trend.  

 4.2.2.2.10. Dry weight of D. aegyptium at 60 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. There 

was a significant difference among different sowing times for dry weight of D. aegyptium at 

60 DAS. Significantly maximum dry weight (98.06 and 69.66 g m-2) was found in plots 

where rice was sown in first week of July (S3) during growing season of 2008 and 2009, 
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respectively. While significantly minimum dry weight was recorded in plots where rice was 

sown in first week of June (S1). 

The maximum dry weight as affected by different weed control treatments was found 

in weedy check plots (W1) (140.08 and 99.10 g m-2) during growing season of 2008 and 2009 

whereas, bispyribac-sodium treatment plots also showed statistically similar results as this 

herbicide has proved to be having very little effect on control of the weed under study. 

Manual hoeing (W4) was again the most efficient weed control treatment wherein three 

hoeings were performed during the course of the experiment (32.47 and 19.96 g m-2) during 

2008 and 2009, respectively. Some of the weed control treatments showed statistically 

similar results as clear from the table 4.93. 

Combined effect of weed control treatment and sowing time resulted in significant 

difference in dry weight of D. aegyptium. The maximum dry weight (173.30 and 134.57) was 

noted in plots where weeds competed with rice sown in first week of July throughout the 

growing season (W1S3) during 2008 and 2009. Plots where bispyribac-sodium was applied 

also resulted in non significant differences with weedy check treatments. While the minimum 

dry weight (21.26 and 14.84) was recorded in plots where manual hoeing was done and rice 

was sown in first week of June (W4S1) during 2008 and 2009, respectively. All the sowing 

times showed non significant differences with it except plots where crop was sown in first 

week of July in 2008. When crop was sown in first week of June showed non significant 

differences in weedy check plots and where bispyribac-sodium was applied to control D. 

aegyptium during both years. Whereas when crop was sown in third week of June and first 

week of July, also showed similar trend. 
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Table 4.92: Effect of sowing time and weed control method on dry wt. of D. aegyptium 
(g m-2) at 45 DAS in direct-seeded rice 
  
 

LSD 5%     2008     2009 
Sowing time                           3.186                                                   2.083 
Weed control method   4.386     2.708 
Interaction                6.283                4.686 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 38.45b 49.47a 54.20a 47.37
A 21.94c 31.76ab 35.50a 29.73

A 

W2 = Penoxsulam (Pre 
em.) 

6.72f 8.81ef 13.12e 9.55D 5.28f 5.84f 10.90e 7.34E 

W3 = Bispyribac-sodium 
(Post em.) 37.71b 49.51a 53.53a 46.92

A 20.55cd 30.29b 34.70ab 28.51
A 

W4 = Manual (3 hoeings) 1.94f 2.42f 5.28f 3.21E 1.49f 2.23f 3.85f 2.52F 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

19.63de 27.42cd 35.44bc 27.50
B 

14.46de 16.71d 21.34cd 17.50
C 

W6 = Sorghum mulch 24.67cd 29.88c 33.32bc 29.29
B 19.61cd 22.52c 28.35b 23.49

B 

W7 = W2 + 1 hoeing   
  10.77ef 19.71de 21.50d 17.33

C 07.68ef 09.28ef 13.72de 10.23
D 

W8 =  W3 + 1 hoeing   11.69ef 13.75e 19.61de 15.02
C 06.61ef 8.17ef 11.49de 8.76D 

Mean 18.95C 25.12B 29.50A  12.20C 15.85B 19.98A   
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4.2.2.2.11. Dry weight of D. aegyptium at 75 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. The 

maximum dry weight of D. aegyptium at 75 DAS (106.82 and 75.07) was recorded in plots 

sown in first week of July (S3) during growing seasons of 2008 and 2009, respectively. Crop 

sown in third week of June (S2) and first week of July resulted in non significant differences 

during both years. 

Weed control treatments also varied with the maximum dry weight (159.97 and 

112.13) in plots where weed and rice plants competed until harvest of the crop. It showed 

statistically similar results to plots which were treated with bispyribac-sodium during both 

years whereas, the minimum dry weight (36.26 and 19.90) was recorded in manually hoed 

plots.  

Interactive effect of sowing time and weed control gave the maximum dry weight 

(189.12 and 136.36) in weedy check plots sown in first week of July (W1S3) during 2008 and 

2009, respectively. It was statistically similar to crop sown in third week of June during both 

years. Crop sown in third week of June and first week of July when treated with bispyribac-

sodium (W3S2 and W3S3) yielded non significant results for dry weight during both years. 

Whereas, the minimum dry weight (28.55 and 15.76) was found in plots where manual 

hoeing was done thrice and rice was sown in first week of June (W4S1) during 2008 and 2009 

, respectively. The effect of sowing time was non significant within manual hoeing treatment 

during both years. Most of the weed control treatments showed non significant differences 

for variation in sowing time as clear from data given in table 4.94. When crop was sown in 

first week of June showed non significant differences in weedy check plots and where 

bispyribac-sodium was applied to control D. aegyptium during both years. Whereas when 

crop was sown in third week of June and first week of July, also showed similar trend. 
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Table 4.93: Effect of sowing time and weed control method on dry wt. of D. aegyptium 
(g m-2) at 60 DAS in direct-seeded rice  
 

 
LSD5%     2008       2009 
Sowing time                           7.397 3.778 
Weed control method   9.361                  5.794 
Interaction                16.285                  12.022 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method Sowing Time Sowing Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 96.55d 150.40b 173.30a 140.08
A 62.28de 100.45b 134.57a 99.10A 

W2 = Penoxsulam (Pre 
em.) 35.33fg 44.30f 52.39ef 44.01

C 18.42g 21.31g 36.31f 25.35E 

W3 = Bispyribac-sodium 
(Post em.) 95.57d 148.06b 169.53a 137.72

A 63.15de 98.96b 133.55a 98.55A 

W4 = Manual (3 
hoeings) 21.26g 31.49fg 44.65f 32.47

D 14.84g 17.42g 27.62fg 19.96E 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

58.41ef 85.96d 99.94d 81.44
B 

44.27ef 49.05e 64.58d 
52.63C 

W6 = Sorghum mulch 65.86e 108.06c
d 122.59c 98.84

B 51.27e 65.53d 78.57c 65.12B 

W7 = W2 + 1 hoeing   
  38.96f 44.42f 60.26ef 47.88

C 19.35g 24.68fg 41.63ef 28.55D
E 

W8 =  W3 + 1 hoeing   39.22f 45.03f 61.84e 48.70
C 25.41fg 27.60fg 40.46ef 31.16D 

Mean 56.40C 82.22B 98.06A  37.37C 50.63B 69.66A   
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4.2.2.2.12. Dry weight of D. aegyptium at 90 DAS (g m-2) 

Year effect was significant therefore the data of both years is given separately. Crop 

sown in first week of July (S3) resulted in the maximum dry weight (122.09 and 87.56) 

during growing season of 2008 and 2009, respectively. In 2008, the non significant 

differences were observed between sowing times of first and third week of June (S1 and S2, 

respectively) and also between crops sown in third week of June and first week of July. 

Weedy plots again resulted in maximum dry weight of D. aegyptium (167.65 and 124.72) 

during 2008 and 2009, respectively. It could not reach the level of significance with plots 

where weeds were controlled with bispyribac-sodium. While manual hoeing treatment (W4) 

resulted in the minimum dry weight (58.23 and 23.21) as weeds were manually hoed three 

times during the growing season in 2008 and 2009, respectively. 

Combined effect of sowing time and weed control practices resulted in maximum dry 

weight (191.73 and 148.44) during 2008 and 2009 in weedy check plots when sown in first 

week of July (W1S3). It was statistically at par with sowing in third week of June and also 

with plots where bispyribac-sodium was sprayed in first week of July (W3S3) during both 

years. Crop sown in third week of June under application of bispyribac-sodium (W3S2) and 

weedy check plots (W1S2) resulted in non significant differences. Most of the sowing times 

resulted in non significant differences within each weed control treatment during both years. 

When crop was sown in first week of June showed non significant differences in weedy 

check plots and where bispyribac-sodium was applied to control D. aegyptium during both 

years. Whereas when crop was sown in third week of June and first week of July, also 

showed similar trend. 
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Table 4.94: Effect of sowing time and weed control method on dry wt. of D. aegyptium 
(g m-2) at 75 DAS in direct-seeded rice 

 
LSD 5%     2008     2009 
Sowing time                           16.186                                                 9.086 
Weed control method   19.568     11.879 
Interaction                 27.824                20.509 

Y × S   =  * 
Y × W  = *   
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 126.87b
c 163.92a 189.12a 159.97

A 81.49bc 118.55a 136.36a 112.13
A 

W2 = Penoxsulam (Pre 
em.) 61.32de 69.34d 76.67cd 69.11

D 44.40de 48.43d 55.46cd 49.43
D 

W3 = Bispyribac-sodium 
(Post em.) 

124.97b
c 164.25a 187.76a 158.99

A 81.93bc 118.42a 135.62a 111.99
A 

W4 = Manual (3 
hoeings) 28.55e 34.53e 45.70de 36.26

E 15.76e 18.38e 25.57e 19.90F 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

83.67cd 97.37cd 101.40c 94.15
C 

65.40cd 69.55c 78.63bc 71.19
C 

W6 = Sorghum mulch 105.41b
c 

111.54b
c 131.31b 116.09

B 71.47c 88.60bc 92.44b 84.17
B 

W7 = W2 + 1 hoeing   
  42.67e 43.78de 51.37de 45.94

E 22.36e 25.28e 34.92d 27.52
EF 

W8 =  W3 + 1 hoeing   62.23de 66.49de 71.20de 66.64
D 27.29e 29.98d 41.52de 32.93

E 

Mean 
79.46B 

93.90A
B 106.82A  51.26B 64.65A 75.07A  
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4.2.2.2.13. Dry weight of D. aegyptium at harvest (g m-2) 

Year effect was significant therefore the data of both years is given separately. 

Variation in sowing time could not cause a significant difference in dry weight of D. 

aegyptium at harvest during both years. But weed control treatments varied significantly for 

dry weight. The maximum dry weight (178.33 and 141.77) was observed in weedy check 

plots (W1) during 2008 and 2009, respectively which could not reach the level of significance 

with plots where bispyribac-sodium was sprayed during both years. It was significantly 

different from rest of the weed control treatments while significantly minimum dry weight 

(21.59 and 14.07) was noted in plots where weeds were removed by three times manual 

hoeing (W4) throughout the growing season during 2008 and 2009 , respectively. 

Interactive effect of both factors gave significant results with maximum dry weight 

(193.41 and 151.71) in plots where rice was sown in first week of July and weeds were 

allowed to grow with crop until harvest of the crop (W1S3) during 2008 and 2009, 

respectively. It could not gain the significant level when compared with plots where 

bispyribac-sodium was sprayed for controlling D. aegyptium when rice was sown in first 

week of July (W3S3) during both years. It differed significantly from all other weed control 

practices and combinations. The most effective method in controlling the weed dry weight at 

harvest was found to be ,manual hoeing where three hoeings were done throughout the 

growing season (20.57 and 12.66) when crop was sown in first week of June (W4S1) during 

2008 and 2009, respectively. There was non significant difference for sowing time within 

manual hoeing treatment for both years. When crop was sown in first week of June showed 

non significant differences in weedy check plots and where bispyribac-sodium was applied to 

control D. aegyptium during both years. Whereas when crop was sown in third week of June 

and first week of July, also showed similar trend.  
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Table 4.95: Effect of sowing time and weed control method on dry wt. of D. aegyptium 
(g m-2) at 90 DAS in direct-seeded rice  

 
LSD5%     2008     2009 
Sowing time                           18.930 9.378 
Weed control method   19.521     13.937 
Interaction                28.268     21.916 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method Sowing Time Sowing Time 
S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 142.83b
c 

168.40a
b 191.73a 167.65

A 92.11c 133.60a
b 148.44a 124.72

A 

W2 = Penoxsulam (Pre 
em.) 76.95de 98.70de 105.17c

d 
93.61
C 59.38d 61.68d 64.68d 61.91

C 

W3 = Bispyribac-
sodium (Post em.) 

139.40b
c 160.97b 190.79a 163.72

A 91.51c 131.15a
b 143.92a 122.19

A 

W4 = Manual (3 
hoeings) 46.45e 59.61e 68.64e 58.23

D 18.20f 21.70f 29.74ef 23.21
E 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

102.76d 109.27c
d 

113.99c
d 

108.67
B 

73.21cd 87.30c 99.37bc 86.63
B 

W6 = Sorghum mulch 120.37c
d 

122.19c
d 132.40c 124.99

B 82.76cd 93.43c 115.45b 97.21
B 

W7 = W2 + 1 hoeing   
  50.17e 62.87e 71.10e 61.38

D 32.45ef 34.12ef 49.29e 38.62
D 

W8 =  W3 + 1 hoeing   82.95 de 93.46de 102.87d 98.17
C 35.32ef 39.94ef 49.59e 41.62

D 

Mean 
96.99B 

109.43A
B 122.09A  60.62C 75.37B 87.56A   
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Table 4.96: Effect of sowing time and weed control method on dry wt. of D. aegyptium 
(g m-2) at harvest in direct-seeded rice 

  
LSD 5%     2008     2009 
Sowing time                           ns                                                        ns 
Weed control method   6.802     3.286 
Interaction                 10.488     7.647 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control method 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 168.81b 172.77b 193.41a 178.3
3A 

134.79
b 138.82b 151.71a 141.77

A 

W2 = Penoxsulam (Pre 
em.) 38.71f 45.60ef 55.42e 46.58

D 27.72ef 30.46ef 34.55e 30.91
C 

W3 = Bispyribac-sodium 
(Post em.) 165.69b 169.28b 189.33a 174.7

7A 
129.58
b 135.32b 149.37a 138.09

A 

W4 = Manual (3 
hoeings) 20.57g 22.48g 21.71g 21.59

F 12.66g 15.12g 16.33g 14.70
E 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

79.71d 80.62d 82.28d 80.87
C 

51.72d 63.47cd 66.39c 60.53
B 

W6 = Sorghum mulch 94.09c 98.45c 94.31c 95.62
B 58.71d 56.44d 63.54cd 59.56

B 

W7 = W2 + 1 hoeing   
  28.46fg 31.44fg 38.56f 32.82

E 19.17fg 25.33f 30.61ef 25.04
D 

W8 =  W3 + 1 hoeing   40.64f 48.37ef 51.69e 46.90
D 18.34fg 22.33fg 32.35ef 24.34

D 

Mean 79.59ns 83.63 90.84  56.59ns 60.91 68.11   
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4.2.2.2.14. Dry weight of E. indica at 15 DAS (g m-2) 

As this weed was dominant only in growing season of 2008 so data of 2008 is 

discussed. The maximum dry weight of E. indica at 15 DAS (0.46 g m-2) (Table 4.97) was 

found in plots which were sown in first week of July (S3). It was statistically similar to plots 

where rice was sown in third week of June (S2). While crop sown in first and third week of 

June could not cause significant differences in dry weight. Significantly maximum dry 

weight (1.02 g m-2) was noted in plots where bispyribac-sodium was to be used for weed 

control. 

Interaction caused a significant difference in dry weight of E. indica. The maximum 

dry weight (1.17 g m-2) was noted in plots where bispyribac-sodium was to be sprayed in 

crop sown in first week of July (W3S3). While other two sowing times showed non 

significant differences with each other. When crop was sown in first week of June showed 

non significant differences in most of the weed control treatments during both years. 

Whereas when crop was sown in third week of June and first week of July, also showed 

similar trend.  

4.2.2.2.15. Dry weight of E. indica at 30 DAS (g m-2) 

Effect of sowing time on dry weight of E. indica at 30 DAS was significant (Table 

4.98). Crop sown in first week of July (S3) resulted in the maximum dry weight (91.26 g m-

2). It could not reach the level of significance with dry weight of weeds in plots where crop 

was sown in third week of June (S2). Weed control treatments also varied significantly with 

maximum dry weight (261.88 g m-2) in weedy check plots (W1). It was significantly higher 

and different from rest of the treatments. Manual hoeing treatment (W4) again resulted in 

greatest suppression of weed dry weight (11.32 g m-2). 

Interactive effect of sowing time and weed control treatment resulted in significant 

differences. The maximum dry weight (358.45 g m-2) was noted in weedy check plots which 

were sown in first week of June (W1S1), 2008. It was statistically at par with weedy check 

plots where rice was sown in third week of June (W1S2). It showed significant differences 

from all other weed control treatments. The minimum dry weight (8.21 g m-2) was recorded 

in plots where crop was sown in first week of June and weeds were removed by three manual 
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hoeings (W4S1) during the growing season. It was statistically at par with crop sown in third 

week of June but significantly different from plots where rice was sown in first week of July 

(W4S3) in same weed control treatment (i.e. manual hoeing treatment). There were non 

significant differences for sowing time in most of the weed control treatments. When crop 

was sown in first week of June showed non significant differences in plots where 

penoxsulam, bispyribac-sodium and foliar spray of crop water extracts was applied to control 

E. indica during 2008. Whereas when crop was sown in third week of June and first week of 

July, also showed similar trend.  

4.2.2.2.16. Dry weight of E. indica at 45 DAS (g m-2) 

Sowing time had significant effect on dry weight of E. indica at 45 DAS (Table 4.99). 

Significantly maximum dry weight (148.41 g m-2) was recorded in plots where crop was 

sown in third week of June (S2). Significantly minimum dry weight was observed in plots 

where direct seeding was done in first week of June (S1), 2008. 

Effect of weed control treatments varied significantly with significantly maximum 

dry weight (202.48 g m-2) in weedy check plots (W1). It was significantly different from rest 

of the weed control treatments. Manual hoeing treatment (W4) where three hoeings were 

done during the growing season proved to be most effective for controlling growth and dry 

weight of weed (37.14 g m-2). 

Interaction of sowing time and weed control treatments yielded significant 

differences. Significantly maximum dry weight of E. indica (245.34 g m-2) was noted in 

weedy check plots sown in third week of June (W1S2). It was significantly different from all 

other treatments while the minimum dry weight (31.96 g m-2) was recorded in plots sown in 

first week of June where weeds were controlled by three manual hoeings (W4S1). There was 

non significant difference for sowing time within manual hoeing treatment. Same trend was 

also noted in plots where penoxsulam was sprayed followed by one hoeing. When crop was 

sown in first week of June showed non significant differences in plots where penoxsulam and 

bispyribac-sodium was applied to control E. indica during 2008. Whereas when crop was 

sown in third week of June and first week of July, also showed similar trend. 
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Table 4.97: Effect of sowing time and weed control method on dry wt. of E. indica (g m-

2) at 15 DAS in direct-seeded rice 

  
LSD 5% 
Sowing time                           0.155    ns 
Weed control method   0.265    ns  
Interaction                 0.284    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

0.37c 0.52bc 0.71b 0.53B 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam (Pre 
em.) 

0.12c 0.25c 0.36c 0.24C 
0.00 

0.00 
0.00 

0.00 

W3 = Bispyribac-
sodium (Post 
em.) 

0.91ab 0.97ab 1.17a 1.02A 
0.00 

0.00 
0.00 

0.00 

W4 = Manual (3 
hoeings) 

0.43bc 0.51bc 0.69b 0.54B 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

0.00 0.10c 0.16c 0.09C 
0.00 

0.00 
0.00 

0.00 

W6 = Sorghum 
mulch 

0.16c 0.18c 0.15c 0.16C 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

0.08c 0.11c 0.19c 0.13C 
0.00 

0.00 
0.00 

0.00 

W8 =  W3 + 1 
hoeing   

0.08c 0.14c 0.22c 0.15C 0.00 0.00 0.00 0.00 

Mean 0.27B 0.35AB 0.46A  0.00ns 0.00 0.00  
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Table 4.98: Effect of sowing time and weed control method on dry wt. of E. indica (g m-

2) at 30 DAS in direct-seeded rice 

 

LSD 5% 
Sowing time                           19.286    ns 
Weed control method   22.980    ns  
Interaction                 39.180    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

97.68b 329.51a 358.45a 261.88A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam (Pre 
em.) 

29.46cd 43.51cd 51.19cd 
41.39C 

0.00 
0.00 

0.00 
0.00 

W3 = Bispyribac-
sodium (Post 
em.) 

43.23cd 63.45bc 63.81bc 
56.83C 

0.00 
0.00 

0.00 
0.00 

W4 = Manual (3 
hoeings) 

8.21d 12.54d 13.22c 11.32D 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

51.64cd 52.08c 66.42bc 
56.71C 

0.00 
0.00 

0.00 
0.00 

W6 = Sorghum 
mulch 

68.04bc 81.59bc 98.49b 82.71B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

11.76d 14.47cd 16.12cd 
14.12D 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   

44.39cd 64.17bc 62.38bc 56.98C 0.00 0.00 0.00 0.00 

Mean 44.30B 82.67A 91.26A  0.00ns 0.00 0.00  



 250 

4.2.2.2.17. Dry weight of E. indica at 60 DAS (g m-2) 

Crop sown in first and third week of June (S1 and S2 , respectively) though could not 

reach the level of significance but were significantly different from crop sown in first week 

of July (S3) (Table 4.100). The maximum dry weight (74.00 g m-2) was recorded in plots 

where crop was sown in first week of June (S1). 

Weed control treatments resulted in significantly maximum dry weight (102.46 g m-2) 

in plots where weeds were allowed to compete with rice. All the weed control treatments 

varied significantly. While significantly minimum dry weight (19.45 g m-2) was noted in 

plots where manual hoeing (W4) was done three times. 

Combined effect of both factors resulted in significantly maximum dry weight 

(121.58 g m-2) in weedy check plots where rice was sown in third week of June (W1S2), 

which varied significantly from all other treatment combinations. While the minimum dry 

weight (10.17 g m-2) was observed in plots where manual hoeing was done when rice was 

sown in first week of July (W4S3). It showed non significant differences with other two 

sowing times in manual hoeing treatment. Foliar spray of crop water extracts and plots where 

penoxsulam spray was followed by one manual hoeing showed non significant difference 

within each treatment. When crop was sown in first week of June showed non significant 

differences in plots where penoxsulam, bispyribac-sodium and foliar spray of crop water 

extracts was applied to control E. indica during 2008. Whereas when crop was sown in third 

week of June and first week of July, also showed similar trend. 
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Table 4.99: Effect of sowing time and weed control method on dry wt. of E. indica (g m-

2) at 45 DAS in direct-seeded rice 

  
 
LSD 5% 
Sowing time    19.792    ns 
Weed control method   20.185    ns  
Interaction                 21.733    ns 

   

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

176.21b 245.34a 185.90b 202.48A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam 
(Pre em.) 

89.01e 178.44b
c 

141.85c
d 136.43B 

0.00 
0.00 

0.00 
0.00 

W3 = 
Bispyribac-
sodium (Post 
em.) 

88.22e 145.72c
d 149.47c 

127.80C 
0.00 

0.00 
0.00 

0.00 

W4 = Manual 
(3 hoeings) 

31.96g 39.65g 39.81g 37.14E 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of 
sorghum and 
sunflower 
water extracts 

118.96d 191.62b 154.52c 

155.03B 

0.00 

0.00 

0.00 

0.00 

W6 = Sorghum 
mulch 85.57ef 180.19b 158.08c 141.28B

C 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

50.74fg 65.17f 59.61fg 
58.51D 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   92.34e 141.11c

d 124.55d 119.33C 0.00 0.00 0.00 0.00 

Mean 91.63C 148.41A 126.72B   0.00ns 0.00 0.00  
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4.2.2.2.18. Dry weight of E. indica at 75 DAS (g m-2) 

Significantly maximum dry weight of E. indica at 75 DAS (51.72 g m-2) was recorded 

in plots where rice was sown in first week of June (S1) (Table 4.101). Significantly minimum 

dry weight was observed in plots where rice was sown in first week of July (S3). 

Weed control treatment had a significant effect on dry weight with statistically 

maximum in plots where weeds and crop were allowed to compete with each other until 

harvest of the rice crop. It was significantly different from all other treatments. Manual 

hoeing treatment (W4) with three hoeings again proved to be the most effective method for 

reducing the dry weight of E. indica to significantly lowest level (10.58 g m-2).  

Collective effect of sowing time and weed control treatments differed significantly 

with the maximum (80.53 g m-2) in plots where crop was sown in third week of June and 

allowed to compete with crop throughout the growing season (W1S2). It was statistically 

similar to weedy check plots and sorghum mulch treated plots where rice was sown in first 

week of June (W1S1 and W6S1). Rest of the treatments varied significantly from each other. 

While the minimum dry weight (6.05 g m-2) was recorded in plots where manual hoeing was 

done thrice where rice was sown in first week of July (W4S3). It was statistically similar to 

plots where crop was sown in third week of June but significantly different from crop sown 

in first week of June under manual hoeing treatment combinations (W4S1). Plots where 

bispyribac-sodium, penoxsulam + 1 hoeing and bispyribac-sodium + 1 hoeing resulted in non 

significant differences for sowing time. When crop was sown in first week of June showed 

non significant differences in plots where penoxsulam and bispyribac-sodium were applied 

for controlling E. indica during 2008. Whereas when crop was sown in third week of June 

and first week of July, also showed similar trend. 
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Table 4.100: Effect of sowing time and weed control method on dry wt. of E. indica (g 
m-2) at 60 DAS in direct-seeded rice 

 
LSD 5% 
Sowing time    11.951     ns 
Weed control method           12.671     ns 
Interaction              18.657     ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 99.71b 121.58a 86.08bc 102.46A 0.00ns 0.00 0.00 0.00ns 

W2 = Penoxsulam 
(Pre em.) 

81.97bc 70.73cd 56.77d 69.82C 0.00 0.00 0.00 0.00 

W3 = Bispyribac-
sodium (Post em.) 

83.38bc 81.70bc 58.66d 74.58BC 0.00 0.00 0.00 0.00 

W4 = Manual (3 
hoeings) 

31.35ef 16.83f 10.17f 19.45E 0.00 0.00 0.00 0.00 

W5 = Foliar spray 
of sorghum and 
sunflower water 
extracts 

89.42bc 93.84bc 62.24cd 
81.83BC 

0.00 
0.00 

0.00 
0.00 

W6 = Sorghum 
mulch 

   
85.10bc 98.63b 72.08cd 85.27B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

41.74de 50.09de 36.19e 
42.67D 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   

79.34c 56.09d 40.86de 58.76C 0.00 0.00 0.00 0.00 

Mean 74.00A 73.69A 52.88B   0.00ns 0.00 0.00  
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Table 4.101: Effect of sowing time and weed control method on dry wt. of E. indica (g 
m-2) at 75 DAS in direct-seeded rice 

 

LSD 5% 
Sowing time                           4.874    ns 
Weed control method   6.045    ns  
Interaction                 10.361    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

79.98a 80.53a 66.10bc 75.54A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam (Pre 
em.) 

56.82c 39.13de 33.84e 
43.26D 

0.00 
0.00 

0.00 
0.00 

W3 = Bispyribac-
sodium (Post 
em.) 

53.82cd 44.96d 35.84de 
44.87D 

0.00 
0.00 

0.00 
0.00 

W4 = Manual (3 
hoeings) 

18.16f 07.52g 06.05g 10.58G 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

66.69bc 56.48c 43.72de 
55.63C 

0.00 
0.00 

0.00 
0.00 

W6 = Sorghum 
mulch 

71.72ab 68.12b 55.42c 65.09B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

23.14f 26.74ef 20.46f 
23.45F 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   

43.42de 28.12ef 25.90ef 32.48E 0.00 0.00 0.00 0.00 

Mean 51.72A 43.95B 35.92C   0.00ns 0.00 0.00  
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4.2.2.2.19. Dry weight of E. indica at 90 DAS (g m-2) 

There was a significant variation in dry weight of E. indica at 90 DAS by changing 

the time of seeding (Table 4.102). The maximum dry weight (20.54 g m-2) was noted in plots 

where crop was sown in first week of June (S1). It was statistically similar to dry weight of 

weed in plots where crop was sown in third week of June (S2). Both of these sowing times 

showed significantly higher and different from crop sown in first week of July, 2008 (S3). 

Weed control treatments had a significant effect on dry weight of E. indica. Plots 

where weeds were allowed to grow with crop throughout the growing season resulted in 

significantly maximum dry weight (29.00 g m-2). It was significantly different from all other 

weed control treatments. Whereas, the minimum dry weight (9.89 g m-2) was noted in plots 

where manual hoeing (W4) was done thrice. It showed non significant difference with plots 

where penoxsulam was sprayed followed by one hoeing. 

Combination effect of both factors also yielded significant results. The maximum dry 

weight (32.34 g m-2) was recorded in weedy check plots where crop was directly seeded in 

first week of June (W1S1). It was statistically at par with weedy check plots where crop was 

sown in third week of June (W1S3). Crop sown in first week of July where weeds were 

controlled by manual hoeing (W4S3) resulted in the minimum dry weight (8.47 g m-2). Crop 

sown in first and third week of June also gave statistically similar results. Crop sown in first 

week of July and applied with penoxsulam + one hoeing (W7S3) and post-emergence + one 

hoeing (W8S3) yielded non significant differences. There was non significant difference with 

other two sowing times in plots treated with penoxsulam + one hoeing for control of weeds. 

Similarly plots where penoxsulam was sprayed when sown in first week of July gave 

statistically similar results to dry weight of weed in plots where manual hoeing was done 

(W4S3). When crop was sown in first week of June showed non significant differences in 

plots where penoxsulam and bispyribac-sodium were applied for controlling E. indica during 

2008. Whereas when crop was sown in third week of June and first week of July, also 

showed similar trend. 
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Table 4.102: Effect of sowing time and weed control method on dry wt. of E. indica (g 
m-2) at 90 DAS in direct-seeded rice  

 
LSD 5% 
Sowing time                           3.429    ns 
Weed control method   2.395    ns 
Interaction                 3.984    ns 

ns = Non-significant 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

32.34a 29.76ab 24.90c 29.00A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam 
(Pre em.) 

20.42c 18.81cd 11.37e 
16.87C 

0.00 
0.00 

0.00 
0.00 

W3 = 
Bispyribac-
sodium (Post 
em.) 

21.38c 20.59c 15.27de 
19.08C 

0.00 
0.00 

0.00 
0.00 

W4 = Manual 
(3 hoeings) 

10.80e 10.41e 08.47e 9.89E 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of 
sorghum and 
sunflower 
water extracts 

24.89b 25.30bc 20.42c 

23.54B 

0.00 

0.00 

0.00 

0.00 

W6 = Sorghum 
mulch 

25.08bc 26.41b 21.29c 24.26B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

13.90de 10.25e 09.67e 
11.27DE 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   

15.48d 13.41d 10.51e 13.13D 0.00 0.00 0.00 0.00 

Mean 20.54A 19.37A 15.24B   0.00ns 0.00 0.00  
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4.2.2.2.20. Dry weight of E. indica at harvest (g m-2) 

Dry weight of E. indica at harvest of rice crop could not reach the level of 

significance for effect of sowing time (Table 4.103). Whereas, weed control treatments gave 

significantly maximum dry weight (27.08 g m-2) in plots where weeds competed with crop 

until harvest of the crop. Rest of the treatments was significantly different for weedy check 

plots (W1). While significantly minimum dry weight (3.72 g m-2) was noted in plots where 

manual hoeing (W4) was done. 

Interactive effect of sowing time and weed control treatments gave the maximum dry 

weight (17.41 g m-2) in plots sown in first week of June where weeds were allowed to 

compete with rice crop throughout the growing season (W1S1). It could not reach the level of 

significance with other two sowing times. While rest of the weed control treatments resulted 

in significant differences. Plots where crop was sown in first week of July and treated with 

sorghum mulch (W6S3) for controlling weeds also showed non significant differences with 

weedy check plots. All weed control treatments except sorghum mulch application resulted 

in non significant differences for sowing time within each weed control treatment. Whereas, 

the minimum dry weight (2.92 g m-2) was noted in plots where rice was sown in first week of 

June where weed were controlled by three manual hoeings throughout the growing season 

(W4S1) for weed control. It could not reach the level of significance with other two sowing 

times of the same manual hoeing treatment. When crop was sown in first week of June 

showed non significant differences in plots where penoxsulam, bispyribac-sodium and foliar 

spray of crop water extracts were applied for controlling E. indica during 2008. Whereas 

when crop was sown in third week of June and first week of July, also showed similar trend. 

4.2.2.2.21. Total weed dry weight at harvest (g m-2) 

Sowing time had significant effect on total dry weight of weeds at harvest. The 

maximum dry weight (106.86 and 73.39 g m-2) was noted in plots where crop was sown in 

first week of July (S3) during 2008 and 2009, respectively. There were non significant 

differences between dry weight of crop sown in first and third week of June (S1 and S2, 

respectively) and also same trend was noted for dry weight of crop sown in third week of 

June and first week of July during both years. Weed control treatments resulted in significant 
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differences with maximum total dry weight of weeds (207.28 and 151.79 g m-2) in weedy 

check plots (W1) and were significantly different from all other weed control treatments. 

Whereas, significantly minimum dry weight (27.33 and 15.95 g m-2) was recorded in plots 

where three times manual hoeing (W4) was done during the growing seasons of 2008 and 

2009, respectively. 

Collective effect of both factors yielded significant results. The maximum total dry 

weight of weeds (223.64 and 164.38 g m-2) was recorded in plots where weed-crop 

competition lasted throughout the growing season where crop was sown in first week of July 

(W1S3) during 2008 and 2009, respectively. Crop sown in third week of July 2009 could not 

reach the level of significance with crop sown in first week of July under weedy check 

condition (W1S2 and W1S3). Whereas, the minimum total dry weight of weeds (26.58 and 

13.22 g m-2) was observed in plots where weeds were controlled by three manual hoeings 

during the course of the study until harvest of the crop when sown in first week of June 

(W4S1) during 2008 and 2009 , respectively. Effect of sowing time was not significant on 

total weed dry weight of weeds at harvest in treatment where manual hoeing was done during 

both years. Similar trend was also observed in most of the treatments as clear from data 

presented in table 4.104. When crop was sown in first week of June showed non significant 

differences in weedy check plots and bispyribac-sodium treated plots for controlling total 

weed dry weight during both years. Whereas when crop was sown in third week of June and 

first week of July, also showed similar trend. 
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Table 4.103: Effect of sowing time and weed control method on dry wt. of E. indica (g 
m-2) at harvest in direct-seeded rice 

 
LSD 5% 
Sowing time                           ns     ns 
Weed control method   1.404    ns  
Interaction                 3.934    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 17.41a 16.31ab 16.53ab 27.08

A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam 
(Pre em.) 

5.81cd 08.18cd 08.27cd 8.42D
E 

0.00 
0.00 

0.00 
0.00 

W3 = 
Bispyribac-
sodium (Post 
em.) 

5.84cd 09.35c 09.26c 
9.48D 

0.00 
0.00 

0.00 
0.00 

W4 = Manual 
(3 hoeings) 

02.92d 03.27d 03.97d 3.72G 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of 
sorghum and 
sunflower 
water extracts 

7.25cd 10.21bc 11.17bc 
12.21
C 

0.00 

0.00 

0.00 

0.00 

W6 = Sorghum 
mulch 8.53cd 13.36b 13.61ab 15.83

B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

3.68d 05.07d 05.24d 
6.33F 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   

4.54d 07.33cd 07.09cd 7.99E 0.00 0.00 0.00 0.00 

Mean 7.00ns 13.26 13.89  0.00ns 0.00 0.00  
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Table 4.104: Effect of sowing time and weed control method on total weed dry weight (g 
m-2) at harvest in direct-seeded rice 

 
LSD 5%     2008          2009 
Sowing time                           13.486                                           10.667 
Weed control method   16.470          12.640 
Interaction                 22.702          20.555 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
197.69b 200.51b 223.64a 

207.28
A 142.69b 

148.29a
b 164.38a 

151.79
A 

W2 = Penoxsulam (Pre 
em.) 49.52ef 58.76ef 68.76e 

59.01
D 29.05de 33.66de 38.64d 

33.78
C 

W3 = Bispyribac-sodium 
(Post em.) 182.39b 187.67b 

207.69a
b 

192.58
A 138.64b 142.49b 

159.67a
b 

146.93
A 

W4 = Manual (3 
hoeings) 26.58f 27.54f 27.88f 27.33F 13.22e 16.77e 17.85e 

15.95
D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

92.36d 97.83cd 99.99cd 
96.73
C 56.38cd 68.37c 69.23c 

64.66
B 

W6 = Sorghum mulch 
107.94c 119.18c 115.38c 

114.17
B 63.49c 60.42c 67.58c 

63.83
B 

W7 = W2 + 1 hoeing   
  35.33f 42.38f 47.86ef 

41.86
E 21.56de 27.16de 33.26de 

27.33
C 

W8 =  W3 + 1 hoeing   
49.96ef 60.48ef 63.70ef 

58.05
DE 20.98de 25.34de 36.48de 

27.60
C 

Mean 
92.72B 

99.29A
B 106.86A  60.75B 

65.31A
B 73.39A  
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4.2.2.3. Nutrient uptake (Kg ha-1) 

4.2.2.3.1. Nitrogen uptake by T. portulacastrum at 60 DAS (Kg ha-1) 

There was a significant year effect therefore the data of both years is given separately. 

Varying the sowing time resulted in significant differences in nitrogen uptake by T. 

portulacastrum at 60 DAS (Table 4.105). Crop sown directly in first week of June (S1) 

during 2008 and 2009, respectively resulted in significantly maximum nitrogen uptake (12.01 

and 9.08 kg ha-1). While crop sown in first week of July (S3) gave significantly minimum 

nitrogen uptake during both years. Effect of weed control treatments also varied significantly 

on nitrogen uptake of T. portulacastrum. Significantly maximum nitrogen uptake was found 

in plots where weeds were in abundance as weeds were allowed to grow throughout the 

growing season and were not removed at any stage (13.00 and 9.50 kg ha-1) during growing 

seasons of 2008 and 2009, respectively. This treatment showed statistically significant 

differences with all other weed control treatments. Significantly least nitrogen uptake (2.82 

and 1.75 kg ha-1) was recorded in plots where weeds were controlled by three manual 

hoeings (W4) until harvest of the crop during both years. 

Interaction of both factors when combined together affected the nitrogen uptake 

significantly with significantly maximum nitrogen uptake (21.25 and 15.83 kg ha-1) in plots 

where weeds kept growing throughout the growing seasons of 2008 and 2009, respectively 

when sown in first week of June (W1S1). It showed statistically significant differences from 

all other treatments. There was a significant difference between crops sown at different times 

in weedy check treatment. The minimum nitrogen uptake (2.16 and 0.92 kg ha-1) was 

recorded in plots where rice was sown in first week of July during 2008 and 2009, 

respectively. There was non significant difference in manually hoed treatments for variation 

in sowing time in 2008 while in 2009 significant differences were observed between crop 

sown in first week of June and first week of July for effect of sowing time in manual hoeing 

treatment. When crop was sown in first week of June showed variable differences in different 

weed control treatments for controlling T. portulacastrum during both years. When crop was 

sown in third week of June showed non significant differences in plots where sorghum mulch 

and foliar spray of crop water extracts were applied for controlling T. portulacastrum during 

both years. Whereas when crop was sown in first week of July, also showed similar trend. 
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4.2.2.3.2. Phosphorus uptake by T. portulacastrum at 60 DAS (Kg ha-1) 

There was a significant year effect therefore the data of both years is given separately. 

Plots where rice was sown in first week of June (S1) during 2008 and 2009, respectively, took 

significantly maximum phosphorus (2.90 and 1.95 kg ha-1) from soil. Significant differences 

in phosphorus uptake at each sowing time were recorded during both years. Significantly 

minimum phosphorus uptake (0.62 and 0.35 kg ha-1) in plots where rice was directly seeded 

in first week of July (S3) in 2008 and 2009, respectively. 

Weedy check plots (W1) showed significantly maximum phosphorus uptake (3.54 and 

2.60 kg ha-1) because of high density of weed during both years, respectively. Phosphorus 

uptake in weedy check (W1) varied significantly from all other weed control treatments. 

Again the manual hoeing treatment (W4) gave minimum phosphorus uptake and was proved 

to be most effective treatment among all treatments. 

Combination effect of both factors showed significantly maximum uptake (5.67 and 

4.29 kg ha-1) in plots where weed-crop competition continued until harvest of the crop when 

crop was sown in first week of June (W1S1) during 2008 and 2009, respectively. It was 

significantly different from crop sown at other two sowing times within weedy check 

treatment during both years. Plots of rice where penoxsulam + one hoeing and bispyribac-

sodium + one hoeing were applied separately showed non significant difference among each 

other for both sowing times and weed control practices. The minimum uptake of phosphorus 

(0.30 and 0.12 kg ha-1) was observed in plots where weeds were controlled by means of 

manual hoeing when sown in first week of July during 2008 and 2009, respectively. There 

was non significant difference of phosphorus uptake between manually hoed treatments for 

different sowing times during both years. When crop was sown in first week of June showed 

variable differences in different weed control treatments for controlling T. portulacastrum 

during both years. When crop was sown in third week of June showed non significant 

differences in plots where sorghum mulch and foliar spray of crop water extracts were 

applied for controlling T. portulacastrum during both years. Whereas when crop was sown in 

first week of July, also showed similar trend. 
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Table 4.105: Effect of sowing time and weed control method on Nitrogen uptake by T. 
portulacastrum (kg ha-1) at 60 DAS in direct-seeded rice 
  

 
LSD 5%     2008     2009 
Sowing time                           1.285  0.883 
Weed control method   1.355                0.944 
Interaction      2.097                           1.703 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week 

of July 

Mean 

W1 = Weedy check 21.25a 12.72c 5.03ef 13.00
A 15.83a 10.03d 2.64gh 9.50A 

W2 = Penoxsulam (Pre 
em.) 

12.59c 4.50f 2.26g 6.45C 10.24d 3.26h 1.34hi 4.95C 

W3 = Bispyribac-sodium 
(Post em.) 

12.87c 4.05fg 2.34g 6.42C 8.82e 3.42g 1.53hi 4.59C 

W4 = Manual (3 
hoeings) 

3.56fg 2.74fg 2.16g 2.82E 2.88gh 1.44hi 0.92i 1.75D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

15.61b 10.20d 3.48fg 
9.76B 

12.60c 7.68f 2.40gh 
7.56B 

W6 = Sorghum mulch 16.24b 9.43d 3.61fg 9.76B 13.94b 6.91f 1.82hi 7.56B 

W7 = W2 + 1 hoeing   
  

6.89e 3.36fg 2.24g 4.16D 4.34g 2.10h 1.40hi 2.61D 

W8 =  W3 + 1 hoeing   7.09e 2.92fg 2.33g 4.11D 3.95gh 1.59hi 0.99i 2.18D 

Mean 12.01A 6.24B 2.93C  9.08A 4.55B 1.63C  
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4.2.2.3.3. Potash uptake by T. portulacastrum at 60 DAS (Kg ha-1) 

As the year effect was significant therefore the data of both years is given separately. 

When rice was direct-seeded in first week of June (S1) during 2008 and 2009, respectively 

showed significantly maximum potash uptake (7.51 and 5.08 kg ha-1). While significantly 

minimum uptake of potash was recorded in plots where sowing was delayed until first week 

of July (S3) during both years (Table 4.107). Potash uptake also varied significantly by 

adopting different weed control treatments. Significantly maximum being in weedy check 

(W1) (7.22 and 5.20 kg ha-1) because of pressure of more weeds during both years, 

respectively. Manual hoeing (W4) done thrice during the growing seasons resulted in the 

minimum potash uptake (1.75 and 0.96 kg ha-1).  

Combined effect of both factors also showed similar trend with significantly 

maximum (11.75 and 8.58 kg ha-1) in weedy check plots where crop was sown in first week 

of June (W1S1) during 2008 and 2009, respectively. This treatment varied significantly from 

rest of the combinations. While plots where manual hoeing was done three times gave the 

minimum uptake with non significant difference for effect of sowing time during both years. 

Crop sown in third week of June and first week of July and treated with penoxsulam + one 

hoeing (W7S2 and W7S3) and bispyribac-sodium spray + one hoeing (W8S2 and W8S3) 

separately gave similar and non significant differences for potash uptake although both were 

significantly different from same weed control treatment where crop was sown in first week 

of June during both years. When crop was sown in first week of June showed variable 

differences in different weed control treatments for controlling T. portulacastrum during both 

years. When crop was sown in third week of June showed non significant differences in plots 

where sorghum mulch and foliar spray of crop water extracts were applied for controlling T. 

portulacastrum during both years. Whereas when crop was sown in first week of July, also 

showed similar trend. 

4.2.2.3.4. Nitrogen uptake by D. aegyptium at harvest (Kg ha-1) 

There was a significant year effect therefore the data of both years is given separately. 

The maximum nitrogen uptake by D. aegyptium at harvest (27.14 and 20.02 kg ha-1) was 

recorded in plots where rice was sown in first week of July (S3) during 2008 and 2009, 
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respectively. It could not reach the level of significance for nitrogen uptake in plots which 

were sown in third week of June (S2) during both years. Whereas, crop sown in first and third 

week of June also could not reach the level of significance during both years for nitrogen 

uptake. 

Weed control treatments varied significantly for nitrogen uptake by the weed. The 

maximum nitrogen uptake (46.26 and 36.92 kg ha-1) was recorded in weedy check plots (W1) 

which could not reach the level of significance with nitrogen uptake by weed in plots where 

weeds were controlled by spray of bispyribac-sodium during 2008 and 2009, respectively 

while rest of the treatments differed significantly. Whereas, minimum nitrogen uptake by D. 

aegyptium (5.83 and 3.96 kg ha-1) was recorded in plots where weeds were controlled by 

three hoeings during growing seasons of 2008 and 2009, respectively. It showed statistically 

non significant differences with nitrogen uptake in plots where penoxsulam + one hoeing and 

post-emergence + one hoeing was used as a set for controlling weeds during both years. 

Interaction of the both factors gave significant differences in nitrogen uptake. Plots where 

rice was sown in first week of July in combination with weedy check treatment (W1S3) 

resulted in highest nitrogen uptake (50.18 and 39.52 kg ha-1) during 2008 and 2009, 

respectively. It could not reach the level of significance with plots where bispyribac-sodium 

was applied as a weed control tool when sown directly in first week of July (W3S3) during 

both years. Same trend was also noted when crop was sown in third week of June and grown 

in weedy check condition (W1S2) during both years. Whereas, in growing season of 2009 

crop sown in third week of June and applied with bispyribac-sodium (W3S2) also could not 

differ significantly with above mentioned treatment. Rest of the combinations differed 

significantly with significantly minimum nitrogen uptake in plots where weeds were 

controlled by three manual hoeings (5.67 and 3.51 kg ha-1) when sown in first week of June 

(W4S1) although there was non significant difference for manually hoed plots for effect of 

sowing time during both years. 
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Table 4.106: Effect of sowing time and weed control method on phosphorus uptake by 
T. portulacastrum (kg ha-1) in direct-seeded rice 

  
 
LSD5%     2008    2009 
Sowing time                0.593                                       0.404 
Weed control method   0.547    0.391 
Interaction                0.852    0.614 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week 
of 

June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 5.67a 3.56b 1.39cd 3.54A 4.29a 2.79b 0.72ef 2.60A 

W2 = Penoxsulam (Pre 
em.) 

2.97b 0.95de 0.44de 1.45C 2.08c 0.66ef 0.24ef 0.99C 

W3 = Bispyribac-sodium 
(Post em.) 3.01b 1.22d 0.52de 1.58BC 1.99cd 0.76e 0.34ef 1.03B

C 

W4 = Manual (3 
hoeings) 

0.58de 0.34e 0.30e 0.41D 0.36ef 0.19ef 0.12f 0.22D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

3.43b 1.71cd 0.59de 
1.91BC 

2.10c 1.28de 0.40ef 1.26B
C 

W6 = Sorghum mulch 3.60b 1.88cd 0.72de 2.07B 2.44b 1.38d 0.36ef 1.39B 

W7 = W2 + 1 hoeing   
  1.89cd 0.96de 0.64de 1.16C 1.24de 0.60ef 0.40ef 0.75C

D 

W8 =  W3 + 1 hoeing   2.08c 0.72de 0.38de 1.06C 1.10de 0.32ef 0.20ef 0.54D 

Mean 2.90A 1.42B 0.62C  1.95A 1.00B 0.35C  
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Table 4.107: Effect of sowing time and weed control method on potash uptake by T. 
portulacastrum (kg ha-1) in direct-seeded rice 

   

 
LSD 5%     2008     2009 
Sowing time                           0.839                                                     0.715 
Weed control method   0.902     0.790 
Interaction                 1.398     1.064 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 11.75a 7.14cd 2.76ef 7.22A 8.58a 5.59cd 1.44fg 5.20A 

W2 = Penoxsulam (Pre 
em.) 

7.86c 2.74ef 1.37f 3.99C 6.24c 1.98f 0.72g 2.98C 

W3 = Bispyribac-sodium 
(Post em.) 7.94bc 3.09e 1.39f 4.14C 4.95d 1.90fg 0.85g 2.57C

D 

W4 = Manual (3 
hoeings) 

2.51ef 1.43f 1.30f 1.75D 1.56fg 0.82g 0.49g 0.96E 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

8.76bc 5.11d 1.45f 
5.11B 

5.25cd 3.20e 0.90g 
3.12C 

W6 = Sorghum mulch 9.27b 5.64d 2.16ef 5.69B 7.32b 4.14de 1.08fg 4.18B 

W7 = W2 + 1 hoeing   
  

5.67d 2.64ef 1.76ef 3.36C 3.41e 1.65fg 1.13fg 2.06D 

W8 =  W3 + 1 hoeing   6.29d 2.16ef 1.34f 3.26C 3.32e 0.93fg 0.67g 1.64D
E 

Mean 7.51A 3.74B 1.69C  5.08A 2.53B 0.91C  
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 In most of the combination treatments as clear from the data presented in table 4.108. 

Non significant difference for effect of sowing time was observed during both years. When 

crop was sown in first week of June showed non significant differences in weedy check plots 

and plots where bispyribac-sodium was applied for controlling D. aegyptium during both 

years. Whereas when crop was sown in first week of July, also showed similar trend. 

4.2.2.3.5. Phosphorus uptake by D. aegyptium at harvest (Kg ha-1) 

The year effect on phosphorus uptake by D. aegyptium at harvest was not 

significantly different therefore the data of both years was combined to get the mean values 

(Table 4.109). Changing the direct seeding time could not bring significant differences in 

phosphorus uptake. The effect of weed control treatments varied with the maximum (7.07 kg 

ha-1) in plots where no weed control treatment was applied and weeds were allowed to grow 

throughout the growing season. It could not differ significantly from plots where bispyribac-

sodium was sprayed. All other weed control treatments differed significantly. Plots where 

sorghum mulch (W6) and foliar spray of crop water extracts (W5) were used as a weed 

control option along with use of penoxsulam spray could not differ significantly from each 

other. 

Significantly minimum phosphorus uptake (1.09 kg ha-1) and different from rest of 

the treatments was noted in plots where weeds were kept controlled by three hoeings. 

Combination effect of both factors could not reach the level of significance as clear from data 

presented in Table 4.109.  

4.2.2.3.6. Potash uptake by D. aegyptium at harvest (Kg ha-1) 

There was a significant year effect. Sowing time showed significant differences in potash 

uptake by D. aegyptium at harvest during both years (Table 4.110). The maximum potash 

uptake (15.07 and 11.00 kg ha-1) was recorded in plots where crop was directly seeded in first 

week of July (S3) during 2008 and 2009, respectively. Crop sown in first and third week of 

June (S1 and S2, respectively) could not give significant differences for potash uptake during 

both years. While crop sown in third week of June and first week of July, 2008 also showed 

statistically non significant difference for potash uptake. 
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Table 4.108:  Effect of sowing time and weed control method on Nitrogen uptake by D. 
aegyptium (kg ha-1) at harvest in direct-seeded rice  

 
LSD5%     2008     2009 
Sowing time                           2.762                                                   2.121 
Weed control method   5.128     4.638 
Interaction                5.986     5.469 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 
 

 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 43.61b 44.98ab 50.18a 46.26
A 35.10a 36.14a 39.52a 36.92

A 

W2 = Penoxsulam (Pre 
em.) 19.97d 23.46d 28.05cd 23.83

C 14.28c 15.32c 17.85c 15.82
C 

W3 = Bispyribac-sodium 
(Post em.) 42.56b 42.98b 50.21a 45.25

A 35.42a 36.19a 37.84a 36.48
A 

W4 = Manual (3 
hoeings) 

5.67e 5.95e 5.86e 5.83D 3.51d 4.05d 4.32d 3.96D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

29.60c 29.97c 30.34c 29.97
B 

19.24bc 23.68b 24.42b 22.45
B 

W6 = Sorghum mulch 31.98c 33.32c 31.96c 32.42
B 20.06bc 19.04bc 21.76bc 20.29

B 

W7 = W2 + 1 hoeing   
  

7.51e 8.06e 10.14e 8.57D 4.94d 6.51d 8.06d 6.50D 

W8 =  W3 + 1 hoeing   8.29e 9.61e 10.40e 9.43D 3.96d 4.47d 6.40d 4.94D 

Mean 
23.65B 

24.79A
B 27.14A  17.06B 

18.18A
B 20.02A 
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Weed control treatments varied significantly with maximum values (23.05 and 18.46 

kg ha-1) in plots where weed-crop competition lasted throughout the growing season. Spray 

of bispyribac-sodium could not reach the level of significance with above mentioned 

treatments during both years. While rest of the treatments showed significant differences. 

Manual hoeing treatment (W4) again showed the minimum potash uptake (3.66 and 2.49 kg 

ha-1) during 2008 and 2009, respectively. 

Interactive effect of both factors resulted in significant differences. The maximum 

potash uptake (25.09 and 19.76 kg ha-1) was recorded in plots where rice was sown in first 

week of July in weedy check plots (W1S3). Weedy check plots at all sowing times showed 

non significant differences with each other and also showed non significant differences with 

potash uptake in plots where weeds were controlled by application of bispyribac-sodium. All 

other treatments showed significant differences. As clear from table 4.110, the non 

significant differences for sowing time were observed within weed control treatments during 

both years although these treatments were significantly different from each other for sowing 

time.  

Whereas, the minimum potash uptake (3.54 and 2.21 kg ha-1) was noted in manually 

hoed plots when sown in first week of June (W4S1) during 2008 and 2009, respectively. 

Different sowing times under manual hoeing treatment could not differ significantly from 

each other. When crop was sown in first week of June showed non significant differences in 

weedy check plots and plots where bispyribac-sodium was applied for controlling D. 

aegyptium during both years. Whereas when crop was sown in first week of July, also 

showed similar trend. 

4.2.2.3.7. Nitrogen uptake by E. indica at 60 DAS (Kg ha-1) 

As E. indica weed was dominant only in first growing season (2008) therefore the 

nutrient uptake data of 2008 is discussed here. Significant differences were observed for 

nitrogen uptake by different sowing times of rice crop. Crop sown in first and third week of 

June (S1 and S2, respectively) could not differ significantly from each other for nitrogen 

uptake with maximum nitrogen uptake (14.73 kg ha-1) in third week of June (S2) while the 

minimum nitrogen uptake was recorded in plots where rice was sown in first week of July 

(S3). 
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Table 4.109: Effect of sowing time and weed control method on phosphorus uptake by 
D. aegyptium (kg ha-1) in direct-seeded rice 

     
LSD 5% 
Sowing time                           ns 
Weed control method   1.093     
Interaction      ns 

Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns 

Weed control 2008 and 2009 
Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 6.57ns 6.92 7.72 7.07A 

W2 = Penoxsulam (Pre em.) 3.98 4.60 5.50 4.69BC 

W3 = Bispyribac-sodium (Post em.) 6.38 6.94 7.43 6.92A 

W4 = Manual (3 hoeings) 1.02 1.15 1.10 1.09D 

W5 = Foliar spray of sorghum and 
sunflower water extracts 

5.21 5.67 5.74 5.54B 

W6 = Sorghum mulch 5.42 5.88 5.64 5.65B 

W7 = W2 + 1 hoeing     2.67 2.79 3.51 2.99C 

W8 =  W3 + 1 hoeing   3.42 3.84 4.16 3.81C 

Mean 4.33ns 4.72 5.10  
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Weed control treatment varied significantly for nitrogen uptake. Significantly 

maximum nitrogen uptake (27.57) was recorded in weedy check plots (W1). Whereas, 

minimum (2.15 kg ha-1) was recorded in plots where manual hoeing (W4) was done. It 

showed non significant differences with plots where bispyribac-sodium + one hoeing was 

done for control of weeds. Rest of the weed control treatments varied significantly. 

Interaction of sowing time and weed control treatment yielded significantly maximum 

nitrogen uptake (32.94 kg ha-1) in plots where rice was sown in third week of June under 

weedy check condition (W1S2) and it showed significant differences from all other 

treatments. Whereas, the minimum nitrogen uptake (1.10) was recorded in plots where weeds 

were controlled by manual hoeings where rice was directly seeded in first week of July, 

2008. All the sowing times showed non significant differences under manual hoeing 

treatment. 

When crop was sown in first week of June showed non significant differences in plots 

where penoxsulam, bispyribac-sodium and foliar spray of crop water extracts was applied for 

controlling E. indica during both years. Whereas when crop was sown in first week of July, 

also showed similar trend. 

4.2.2.3.8. Phosphorus uptake by E. indica at 60 DAS (Kg ha-1) 

The maximum phosphorus uptake (3.45 kg ha-1) was noted in plots where rice was 

sown in third week of June (S2) and it showed non significant differences with plots where 

rice was sown in first week of June (S1). While delaying the sowing up to first week of July 

(S3) resulted in minimum phosphorus uptake. Weedy check plots (W1) resulted in maximum 

phosphorus uptake (6.17 kg ha-1) which was statistically at par with sorghum mulch 

treatment (W6). While it showed statistically significant differences from all other weed 

control treatments.  

Combination effects of both factors also gave significant differences with maximum 

phosphorus uptake (7.32 kg ha-1) in plots which were sown in third week of June and kept 

weedy throughout the growing season (W1S2). It was statistically at par with crop sown in 

first week of June in weedy check plots (W1S1) and also with plots sown in third week of 

June where sorghum mulch (W6S2) was applied for controlling weeds. 
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Table 4.110:  Effect of sowing time and weed control method on potash uptake by D. 
aegyptium (kg ha-1) in direct-seeded rice  

 
LSD5%     2008    2009 
Sowing time                           1.612                                        1.054 
Weed control method   4.127    3.610 
Interaction                5.777    4.654 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 21.57ab 22.49ab 25.09a 23.05
A 17.55ab 18.07ab 19.76a 18.46

A 

W2 = Penoxsulam (Pre 
em.) 10.57c 12.42bc 14.85bc 12.61

C 7.56cd 8.10c 9.45bc 8.37C 

W3 = Bispyribac-sodium 
(Post em.) 21.04ab 21.86ab 24.57a 22.49

A 16.45ab 17.21ab 17.77ab 17.14
A 

W4 = Manual (3 hoeings) 3.54d 3.74d 3.69d 3.66E 2.21d 2.55d 2.72d 2.49D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

16.54b 17.01b 17.22b 16.92
B 

10.92bc 13.23b 13.86b 12.67
B 

W6 = Sorghum mulch 16.99b 17.64b 16.92b 17.18
B 10.57bc 10.08bc 11.52bc 10.72

BC 

W7 = W2 + 1 hoeing   
  6.78cd 7.44cd 9.36cd 7.86D 4.56cd 6.00cd 7.44cd 6.00C

D 

W8 =  W3 + 1 hoeing   6.82cd 8.16cd 8.84cd 7.94D 3.06d 3.74cd 5.44cd 4.08D 

Mean 
12.98B 

13.85A
B 15.07A  9.11B 9.87B 11.00A 
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Rest of the weed control treatments gave significantly less phosphorus uptake 

because of fewer weeds in these treatments. Crop sown in first week of July and weeds 

controlled by manual hoeing (W4S3) resulted in the minimum phosphorus uptake (0.30 kg ha-

1). Effect of sowing time was non significant on phosphorus uptake in manual hoeing 

treatment. Most of the weed control treatments did not differ significantly for sowing time 

within each weed control treatment though there was significant difference between different 

weed control treatments. When crop was sown in first week of June showed non significant 

differences in plots where penoxsulam and bispyribac-sodium was applied for controlling E. 

indica during both years. Whereas when crop was sown in first week of July, also showed 

similar trend. 

4.2.2.3.9. Potash uptake by E. indica at 60 DAS (Kg ha-1) 

Effect of sowing time on potash uptake was significant (Table 4.113). The maximum 

potash uptake (14.09 kg ha-1) was noted in plots where rice was directly seeded in third week 

of June (S2). It could not reach the level of significance with plots where crop was sown in 

first week of June (S1). Rice directly seeded in first week of July (S3) showed minimum 

potash uptake. Plots where weed-crop competition continued until harvest of rice crop 

resulted in maximum potash uptake (22.46 kg ha-1). It was statistically at par with treatment 

where sorghum mulch (W6) and crop water extracts foliar application was done for weed 

control. Other treatments showed significant differences with minimum potash uptake (3.34 

kg ha-1) in plots where weeds were controlled by manual hoeing three times (W4) during the 

growing season. It showed statistically similar potash uptake to plots where penoxsulam + 

one hoeing and bispyribac-sodium + one hoeing was done. 
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Table 4.111:  Effect of sowing time and weed control method on Nitrogen uptake by E. 
indica (kg ha-1) at 60 DAS in direct-seeded rice 

 
LSD 5% 
Sowing time                           3.619     ns 
Weed control method   3.751     ns 
Interaction                 4.852     ns 

ns = non significant 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 26.54b 32.94a 23.22bc 27.57

A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam (Pre 
em.) 

14.56de 12.78de 10.22e 12.52
C 

0.00 
0.00 

0.00 
0.00 

W3 = Bispyribac-
sodium (Post 
em.) 

15.79d 15.58d 11.21de 14.19
C 

0.00 
0.00 

0.00 
0.00 

W4 = Manual (3 
hoeings) 

3.49f 1.87f 1.10f 2.15E 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

18.64cd 19.74cd 13.02de 17.13
BC 

0.00 
0.00 

0.00 
0.00 

W6 = Sorghum 
mulch 18.05cd 20.79c 15.12d 17.99

B 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

7.12ef 8.50ef 6.22ef 
7.28D 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   7.56ef 5.60ef 4.09f 5.75D

E 0.00 0.00 0.00 0.00 

Mean 13.97A
B 14.73A 10.53B  0.00ns 0.00 0.00  
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Table 4.112: Effect of sowing time and weed control method on Phosphorus uptake by 
E. indica (kg ha-1) in direct-seeded rice  

 
LSD5% 
Sowing time                           0.974    ns 
Weed control method   1.062    ns 
Interaction                1.384    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

6.04ab 7.32a 5.16b 6.17A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam (Pre 
em.) 

2.80cd 2.13cd 1.71d 
2.21CD 

0.00 
0.00 

0.00 
0.00 

W3 = Bispyribac-
sodium (Post 
em.) 

3.02cd 3.28c 2.35cd 
2.88C 

0.00 
0.00 

0.00 
0.00 

W4 = Manual (3 
hoeings) 

0.94de 0.50de 0.30e 0.58E 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

4.77b 4.78b 3.11cd 
4.22B 

0.00 
0.00 

0.00 
0.00 

W6 = Sorghum 
mulch 

5.43b 5.94ab 4.32bc 5.23AB 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

1.86d 2.00cd 1.44de 
1.77D 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   

1.98cd 1.68de 1.23de 1.63D 0.00 0.00 0.00 0.00 

Mean 3.36AB 3.45A 2.45B  0.00ns 0.00 0.00  
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Interactive effect of sowing time and weed control practices yielded significant 

differences. Significantly maximum potash uptake (26.84 kg ha-1) being in plots where crop 

was sown in third week of June and grown in weedy check condition (W1S2). It showed 

significant differences from all other treatments. This treatment also showed significant 

differences from other two sowing times under weedy check treatment. Most of the weed 

control treatments showed non significant differences for potash uptake within the weed 

control treatment although the difference was significant for sowing time between different 

weed control treatments. The minimum potash uptake (1.76 kg ha-1) was found in plots 

where crop was sown in first week of July and weed control was accomplished by three 

manual hoeings (W4S3). The effect of sowing time was again non significant in manual 

hoeing treatment as clear from data presented in table 4.113. When crop was sown in first 

week of June showed non significant differences in plots where penoxsulam, bispyribac-

sodium and foliar spray of crop water extracts was applied for controlling E. indica during 

both years. Whereas when crop was sown in first week of July, also showed similar trend. 
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Table 4.113:  Effect of sowing time and weed control method on Potash uptake by E. 
indica (kg ha-1) at 60 DAS in direct-seeded rice 
  

 
LSD 5% 
Sowing time                           3.432    ns 
Weed control method   4.210    ns  
Interaction                 4.612    ns 

Weed control 
method 

2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 21.59b 26.84a 18.96bc 22.46

A 0.00ns 0.00 0.00 0.00ns 

W2 = 
Penoxsulam (Pre 
em.) 

13.24cd 11.31cd 9.12de 11.22
C 

0.00 
0.00 

0.00 
0.00 

W3 = Bispyribac-
sodium (Post 
em.) 

14.08cd 13.94cd 10.03d 12.68
C 

0.00 
0.00 

0.00 
0.00 

W4 = Manual (3 
hoeings) 

5.40e 2.86e 1.76e 3.34D 0.00 0.00 0.00 0.00 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

18.60bc 19.74bc 13.08cd 17.14
B 

0.00 
0.00 

0.00 
0.00 

W6 = Sorghum 
mulch 18.99bc 21.78b 15.84c 18.87

AB 0.00 0.00 0.00 0.00 

W7 = W2 + 1 
hoeing   
  

8.46de 10.07d 7.21de 8.58C
D 

0.00 
0.00 

0.00 
0.00 

W8 =  W3 + 1 
hoeing   

8.94de 6.16de 4.58e 6.56D 0.00 0.00 0.00 0.00 

Mean 13.66A
B 14.09A 10.07B  0.00ns 0.00 0.00  
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Discussion 

Post-emergence application of sorgoleone at concentration similar to that of atrazine 

(0.6 kg a.i. ha-1) suppressed the growth of 14 days old weed seedlings especially small seeded 

species (Czarnota et al., 2001). Sorghum water extract (sorgaab) has been reported to be 

allelopathic in several studies by Cheema et al., 2000, Irshad and Cheema, 2005. Weed 

inhibition with 1, 2 or 3 foliar sprays was up to 73% in wheat (Cheema et al., 2000), 34-57% 

in maize (Ahmad et al., 2000), 16-68% in mung bean (Cheema et al., 2000), 47-75% in raya 

(Bhatti et al., 2000) and 20-42% in soybean (Khaliq et al., 1999). 

The threshold level of the weed junglerice (E. colona L.) was investigated in direct-

seeded upland rice by Mishra (2000). He reported that panicle number; plant height and grain 

yield was reduced with increasing density of the weed. The threshold density of junglerice 

for crop sown on 14 July was 262 plants m-2 in first year which was greatly reduced to 37 

plants m-2 in second year for rice sown on 29 June. He also reported that timely sown crop 

suffers more because of competition from junglerice compared with delay in sowing of crop. 

Singh et al., (1991) reported that hand weeding at 15 and 30, 15 and 45 or 30 and 45 days 

after sowing or at 15, 30 or 45 days after sowing gave 16.6 to 62.1% reduction in weed 

density. Extent of loss also depends on type of weed; Echinochloa species were more 

competitive in directly sown rice than transplanted rice (Hill et al., 1990). They reported that 

density of 300 directly sown rice plants m-2 was equal to only 25 transplanted plants m-2 in 

terms of yield produced in response to competition with Echinochloa spp.  

Butachlor at 1.5 kg ha-1 applied at 40 days after sowing showed least weed density 

while butachlor applied 1 day after sowing showed greatest dry matter (3077-3583 kg ha-1 

compared to 196 kg ha-1 untreated control) at flowering (Bhargavi and Reddy, 1994).   

Parkash et al., (1995) reported that pre-emergence application of butachlor and pretilachlor 

controlled weeds up to 63.3%. Fentrazamide and a combination of fentrazamide and propanil 

(6.75 + 37.5% WP) were efficient in controlling grasses and annual sedges in direct sown 

rice in south East Asia (Fursch, 1999). Field trials were conducted by Sreedevi and Thomas 

(1993) to check the efficacy of butachlor 1.5 kg ha-1, 8 days after sowing, anilfos 0.3-0.6 kg 

ha-1 and hand weeding. They reported that hand weeding gave lowest weed density of 3 

plants m-2 compared to 16 plants m-2 and highest rice grain yield 3048 kg ha-1 compared to 
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1440 kg ha-1 in unweeded control. In another field study Cheema and Khaliq (2000) 

concluded that soil incorporated mature sorghum herbage (2-6 Mg ha-1) at the time of sowing 

reduced 40-50% weeds and wheat yield was increased by 15%. They also concluded that two 

foliar sprays of sorgaab (sorghum water extract) at 30 and 60 days after sowing was the most 

economical method of controlling weeds in wheat crop.  

Higher dry weight of the D. aegyptium during both years when treated with 

bispyribac-sodium could be attributed to inefficiency of bispyribac-sodium for controlling 

this weed. According to Saikia and Pathak (1993) manual weed control three times gave 

minimum weed dry weight (5.91 g m-2) and maximum rice grain yield (1.97 t ha-1). Mahalle 

et al., (1993) compared three methods of weed control (hand weeding twice at 15 and 30 

days after sowing, pre-emergence butachlor at 1.5 kg ha-1 and anilfos 0.5 kg ha-1) and showed 

that hand weeding gave highest grain yield (2619 kg ha-1) and lowest weed dry weight (837 

kg ha-1). Similar studies conducted by Saxena and Vaishya (1993) in which hand weeding 

once 20 days after sowing or twice 20 and 40 days after sowing and pendimethalin at 1-2 kg 

ha-1 showed that hand weeding twice gave minimum weed dry matter 7.46- 11.45 g m-2 from 

17.69 g m-2 control and maximum grain yields 2433-3611kg ha-1from control (1210 kg ha-1). 

Angadi et al., (1993) checked the effects of butachlor at 1-2 kg, pendimethalin 1-1.5 kg alone 

or with 1.0 kg butachlor, hand weeding 30 days after emergence. Their results showed that 

all weed control treatments decreased weed dry weight from untreated control values of 201- 

972 g m-2 to 21- 480 g m-2 and increased crop yield from control 60-510 kg ha-1 to 680-2530 

kg ha-1.  

Increase in weed dry weight in weedy check by delaying the sowing time could be 

attributed to variation in temperature which resulted in different sets of germination regimes 

and growth patterns. Difference in temperature resulted in different extents of germination 

and growth of the weeds. Furthermore, delaying the sowing increased temperature and 

changed the weed dynamics as well. Change in temperature showed differential behavior in 

different weeds for their germination and growth as weeds like E. indica germinated and 

established in the field in June to end of August while T. portulacastrum was more prevelant 

in high temperature and humid months until mid September. As the temperature and 

humidity started delaying the growth of the above mentioned two weeds. Whereas, the other 
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prevelant weed was D. aegyptium which appeared in mid season and continued to grow until 

harvest of the crop. D. aegyptium showed different behavior for its growth as compared to 

other two weeds. 

Nandal and Singh (1995) evaluated anilofos 0.3-0.6 kg ha-1 applied 5-15 days after 

planting, 0.5 kg oxadiazon, 1 kg butachlor, 0.75 kg pretilachlor and hand weeding 30 + 60 

days after planting for weed control dominated by E. colonum and Cyperus iria in both years. 

They concluded that panicles m-2; grains per panicle were maximum and weed dry matter 

was minimum in hand weeding with maximum grain yield. While in second year of study 

hand weeding, oxadiazon, butachlor and pretilachlor and anilofos applied at 0.45 kg 5days 

after planting and 0.45-0.6 kg 10 days after planting all gave same results. Nandal and Singh 

(1995) evaluated the efficacy of three doses of anilofos (0.3,0.45,0.6 kg a.i. ha-1), three 

timings of application (5, 10 and 15 DAS), three herbicide checks (0.5kg a.i. ha-1 oxadiazon, 

1 kg a.i. ha-1 butachlor and 0.75 kg a.i. ha-1 pretilachlor) and three mechanical checks (hand 

weeding twice, weed-free and unweeded) in directly sown rice. Their results show that hand 

weeding was significantly higher than all other treatments except weed-free in lowering the 

weed density and dry weight and increasing grain yield in first year while in second year it 

was same to herbicides 0.45 kg a.i. ha-1 anilofos (5 and 10 DAS) and 0.60 kg a.i. ha-1 anilofos 

(10 DAS). Hand weeding and herbicide were evaluated by Chandra et al., (1998) in drill 

seeded upland rice having E. colonum, C. iria and T. monogyna as major weeds. Their results 

revealed that hand weeding at 25 and 40 DAS gave minimum density and dry weight of these 

three weeds with maximum weed control efficiency (93.9%), grain yield and increase in 

yield over weedy check (27.9%) as compared with herbicides.  

Turkhede et al., (1999) checked the efficacy of twelve weed control methods on 

density, dry weight and control efficiency of weeds and on grain and straw yield of rice. 

Their results indicated that herbicides followed by one hand weeding at 40 days after sowing 

have better weed control than that of sole application of herbicide. Residues of allelopathic 

rice cultivars significantly reduced the seed bank of E. crus-galli. The reductions soon after 

harvesting and land preparation were 36, 43, and 46%, respectively for IET 11754, Bala, IET 

1444 and LD 1807 rice cultivars (Hassan et al., 1998). Dilday et al., (1998) reported that rice 

cultivar “Taichung native” has allelopathic activity against four serious weeds T. 

portulacastrum, Heteranthera limosa, E. crus-galli and Ammania coccinea. According to 



 282 

Bhargavi and Reddy (1990) pre-emergence and early post-emergence application of 2, 4-D 

ethyl ester at 0.9 kg ha-1 and pre-emergence butachlor at 15 kg ha-1 gave effective control of 

weed species dominated by Cleome viscosa, C. rotundus and E. colonum. Fujii (1992) in 

japan reported that native japonica cultivars possess various levels of allelopathic potential 

against weeds of rice. Lin et al., (1992) observed that out of 38 rice germplasm lines, 9 

reduced the growth of duck salad and other aquatic weeds by 8-90%. Rice husks also possess 

strong allelopathic potential in controlling weeds of rice (Park et al., 1992). Natural weed 

suppressing ability of sorgaab (sorghum water extract) in wheat crop was studied by Cheema 

et al., (2000). They reported that two foliar sprays of sorgaab (10%) at 30 and 40 days after 

sowing reduced weed density and biomass by 22 and 46%, respectively and increased yield 

of wheat by 21% over control. Cheema and Ahmed (1992) stated that selective allelopathic 

effects on weeds and crop were shown by sorghum. They reported that sorghum 

incorporation significantly reduced C. rotundus density by 55 to 94% and incorporation of 

sorghum roots in field condition reduced the dry weight of other weeds by 26 to 49%. 

Further Yew et al., (2001) reported a broad spectrum of action of these herbicides 

including main weed grasses such as E.crus-galli and L.chinensis, the sedges F. miliacea and 

C. difformis and broad-leaved weeds Ludwigia sp. and Monochoria vaginalis. Weed control 

programmes should incorporate herbicides in mixtures. Combined application of pre-

emergence herbicides was found to control all weeds and increase the productivity of rainfed 

rice (Satyanarayanan et al., 1997). Efficacy of different herbicides differs in various 

environments (Harker and Blackshaw, 2003). Selection of herbicide also varies with change 

in weed flora. Sulfonylurea herbicides such as bensulfuron, metsulfuron, pyrazosulfuron and 

cinosulfuron were often used for broad-leaved weed control, while chlorimuron was used in 

areas heavily infested by sedges in Malaysia (Baki & Azmi 1994; Ho et al., 1995). Mazid et 

al., (2003) compared hand weeding and pre-emergence herbicides and concluded that 

oxadiazon applied as pre-emergence controlled major weeds but one manual weeding was 

needed for yield protection from weed competition from Alternanthera sessilis, C. iria and 

Paspalum distichum. Residues of sunflower affect weeds and succeeding crop by releasing 

allelochemicals (Narwal, 2004). Other studies showed that it has allelopathic effect both on 

weeds and also crops (Tung et al., 1996, Nanjappa et al., 1998; Tongma et al., 2001). 
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Japonica rice showed little allelopathic effect while some varieties of red rice and 

javanica rice showed high inhibitory effect. Navarez and Olofsdotter (1996) reported that 

some allelopathic cultivars strongly inhibit elongation of roots of E. crus-galli but no 

significant effect on shoot.   

Release of certain allelochemicals from plants affects the growth and development of 

other plants which can play a significant role in natural cultivated ecosystem (Olofsdotter, 

1998). The allelopathic potential of alfalfa and its decayed residues on blady grass (Imperata 

cylindrica L.) was evaluated by Abdul- Rehman and Habib (1989). They revealed that 51-

56% germination and an average of 88% of blady grass seedlings were reduced by 

decomposed alfalfa roots and their associated soil. Caffeic, chlorogenic, isochlorogenic, p-

coumaric, p-OH benzoic and ferulic acids were found in root residues and exudates of alfalfa. 

These compounds were in highest amount in root residues of alfalfa after six months of 

decay in soil.  

4.2.2.4. Growth parameters 

4.2.2.4.1. Leaf area index (LAI) 

Leaf area index was increased progressively until September 20 and afterwards 

decreased. Weedy check plots showed minimum LAI while plots where manual hoeing was 

done three times resulted in maximum LAI during both years. It was followed by plots where 

weeds were controlled by spray of penoxsulam with one manual hoeing during growing 

seasons of 2008 and 2009. Among different sowing times, crop which was sown in first week 

of June showed maximum LAI. Whereas, minimum was noted in plots where crop was sown 

in first week of July during both years (Fig. 4.53 to 4.56). 

4.2.2.4.2. Leaf area duration (LAD) 

Leaf area duration progressively increased until the harvest of the crop. Minimum 

LAD was noted in plots where weeds competed with crop throughout the season while 

maximum was noted in manual hoeing treatment during both years. Delaying the sowing 

time from first week of June to first week of July progressively decreased the LAD of 

directly sown rice (Fig. 4.57 to 4.60). 
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4.2.2.4.3. Crop growth rate (CGR) 

Crop growth rate of rice increased up to certain stage (CGR2) then gradual reduction 

was noted. CGR corresponds to LAI with similar pattern having minimum CGR in weedy 

check and maximum in manual hoeing during growing seasons of both years. Maximum 

CGR was noted when crop was sown in first week of June during 2008 and 2009 (Fig. 4.61 

to 4.64). 

4.2.2.4.4. Net assimilation rate (NAR) 

 Net assimilation rate was maximum in plots where weeds were controlled by 

manual hoeing (7.78 and 8.45 g m-2 d-1) during growing seasons of 2008 and 2009, 

respectively. While minimum (5.25 and 6.25 g m-2 d-1) was noted in plots where weeds 

competed with crop throughout the growing seasons of 2008 and 2009, respectively (Fig. 

4.65 to 4.68). Delaying the direct sowing of rice decreased the NAR during both years. 
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Effect of weed control methods on leaf area index (LAI) in direct seeded rice in 
2008
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Fig 4.53: 

Effect of weed control methods on leaf area index (LAI) in direct seeded rice in 
2009
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Fig 4.54: 
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Effect of sowing time on leaf area index (LAI) in direct seeded rice in 2008
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Fig 4.55: 

 

Effect of sowing time on leaf area index (LAI) in direct seeded rice in 2009
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Fig 4.56: 
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Effect of weed control methods on leaf area duration (LAD) in direct seeded rice 
in 2008
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Fig 4.57 

 

 

Effect of weed control methods on leaf area duration (LAD) in direct seeded rice 
in 2009
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Fig 4.58 
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Effect of sowing time on leaf area duration (LAD) in direct seeded rice in 2008
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Fig 4.59 

 

Effect of sowing time on leaf area duration (LAD) in direct seeded rice in 2009
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Fig 4.60 
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Effect of weed control methods on crop growth rate (CGR) in direct seeded rice 
in 2008
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Fig 4.61 

Effect of weed control methods on crop growth rate (CGR) in direct seeded rice 
in 2009
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Fig 4.62 
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Effect of sowing time on crop growth rate (CGR) in direct seeded rice in 2008
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Fig 4.63 

Effect of sowing time on crop growth rate (CGR) in direct seeded rice in 2009 
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Fig 4.64 
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Effect of weed control methods on net assimilation rate (NAR) in direct seeded 
rice in 2008
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Fig 4.65 

 

  

Effect of weed control methods on net assimilation rate (NAR) in direct seeded 
rice in 2009
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Fig 4.66 

  

Effect of sowing time on net assimilation rate (NAR) in direct seeded rice in 2008
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Fig 4.67 
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Effect of sowing time on net assimilation rate (NAR) in direct seeded rice in 2009
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Fig 4.68 

Discussion 

In plots where manual hoeing was done resulted in reduced competition from weeds 

which helped the resources to be available for rice plants directly sown in rice. Whereas, 

weedy check plots showed minimum LAI, LAD, CGR, and NAR as resources were equally 

shared between crop and weeds. Delaying the sowing time with reduced LAI, LAD, CGR, 

and NAR might be due to less time available for crop to compete the vegetative growth phase 

to its full. It results in lower photosynthates accumulation thereby reduced growth by 

delaying the direct seeding of rice crop. These findings are supported by the findings of 

Irshad and Cheema, 2005 who reported that the water extracts of various crop residues 

having allelopathic potential have also been successfully used to inhibit growth of weeds. 

Hammouda et al., (1995) observed the effect of sorghum residues on wheat and noted that all 

parts of the sorghum had water soluble compounds that inhibited the seedling growth of 

wheat.  

Similarly in agricultural fields of Pakistan many common weeds like Bermudagrass 

(Cynodon dactylon- Hussain and Khan 1988), purple nutsedge (Cyperus rotundus- Mahmood 

et al., 1989) and bladygrass (Imperata cylindrical- Hussain and Abidi, 1991) etc have been 

documented to have allelopathic effects reducing the early growth of various crop plants both 

under laboratory and field conditions. Yang and Futsuhara (1991) reported that when 

Soybean (Glycine max) callus was cultured with callus of rice (Oryza sativa L.) in the same 

bottle, the allelopathic effect was so high that the growth rates of soybean calli were 

decreased by more than 100 fold. Volatile compounds were released from rice callus that has 

inhibitory effect.  
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4.2.2.5. Yield and yield related traits 

4.2.2.5.1. Plant height (cm) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time had significant effect on plant height of rice (Table 4.114). When crop was 

sown in first week of June (S1) during 2008 and 2009 showed maximum plant height (98.78 

and 98.98 cm), respectively. It was statistically at par with the plant height of crop sown in 

third week of June (S2) during both years. Weed control treatment had also significant effects 

with maximum plant height (103.51 and 103.81 cm) during 2008 and 2009, respectively and 

significantly different from rest of the weed control options and also from weedy check. 

Weedy check (W1) showed significantly minimum plant height.  

Similarly interactive effect of both factors showed significant effects. With maximum 

values in crop sown in first week of June and when weeds were controlled by manual hoeing 

(W4S1) (105.20 and 105.53 cm) during 2008 and 2009, respectively. Crop sown in first and 

third week of June during both years showed non significant differences for effect of sowing 

time. Whereas, significantly minimum plant height (81.10 and 81.47 cm) was recorded in 

plots sown in first week of July and where weeds were allowed to grow freely without 

applying any weed control (W1S3) during 2008 and 2009 , respectively. Effect of sowing 

time was significant and varied significantly from each other in plots where penoxsulam was 

applied to control weeds followed by one manual hoeing. When crop was sown in first week 

of June showed non significant differences in plots where penoxsulam and bispyribac-

sodium was applied for controlling weeds during both years. Whereas when crop was sown 

in first week of July, also showed similar trend. 

4.2.2.5.2. Total number of tillers per m-2 

Year effect was significant. Sowing time could not cause significant differences in 

total number of tillers in rice (Table 4.115). Different weed control approaches had 

significant effects. Significantly maximum total number of tillers (442.91 and 489.95) was 

observed in plots where manual hoeing (W4) was done during 2008 and 2009, respectively. 
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Table 4.114: Effect of sowing time and weed control method on plant height (cm) in 
direct-seeded rice 

 
LSD5%     2008     2009 
Sowing time                           1.042                                                   1.021 
Weed control method   0.622     0.619 
Interaction                2.631     2.518 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 89.70e 89.20e 81.10f 86.69
G 89.83f 89.50f 81.47g 86.93

G 

W2 = Penoxsulam 
(Pre em.) 99.20bc 98.90bc 93.50d 97.20

D 99.63bc 99.20bc 93.93d 97.59
D 

W3 = Bispyribac-
sodium (Post em.) 98.80bc 98.60bc 93.40d 96.94

D 99.07bc 98.93c 93.60e 97.20
D 

W4 = Manual (3 
hoeings) 105.20a 104.90a 100.40b 103.51

A 105.53a 105.33a 100.57bc 103.81
A 

W5 = Foliar spray of 
sorghum and 
sunflower water 
extracts 

96.10cd 95.80cd 91.37de 94.43
E 96.10de 96.17d 91.53ef 94.60

E 

W6 = Sorghum 
mulch 

93.50d 93.10d 88.47e 91.70F 93.70de 93.27e 88.83f 91.93F 

W7 = W2 + 1 hoeing  
   104.20a 101.20b 97.50c 100.98

B 104.23a 101.50b 97.40cd 101.04
B 

W8 =  W3 + 1 hoeing   103.50a
b 100.77b 96.70c 100.32

C 103.70ab 101.13bc 97.10cd 100.64
C 

Mean 98.78A 97.83A 92.81B   98.98A 98.13A 93.05B  
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Weedy check plots (W1) where weeds and crop competed throughout the season 

showed minimum total number of tillers. While all other weed control methods were in 

between for their effect on total number of tillers.  

Combined effect of weed control and sowing time was also significant with 

maximum values (451.95 and 502.76) in plots with manually controlled weeds by hoeing 

sown in first week of June (W4S1) during 2008 and 2009, respectively. It was statistically at 

par with other two sowing times during both years. Crop sown in first week of June and 

where weeds were controlled by application of penoxsulam followed by one manual hoeing 

(W7S1) resulted in non significant differences with that of sowing in first week of June in 

manual weed control treatment (W4S1). The minimum total numbers of tillers (327.57 and 

364.30) were recorded in plots which were sown in first week of July during 2008 and 2009, 

respectively and weeds competed throughout the growing season (W1S3). It was statistically 

at par with other two sowing times during both years. When crop was sown in first week of 

June showed non significant differences in plots where penoxsulam and bispyribac-sodium 

was applied for controlling weeds during both years. Whereas when crop was sown in first 

week of July, also showed similar trend. 

4.2.2.5.3. Productive tillers per m-2 

Year effect was significant therefore the data of both years is given separately. 

Difference in sowing time caused a significant difference in productive tillers (Table 4.116). 

Crop sown in first and third week of June (S2) could not reach the level of significance to 

each other. The maximum productive tillers were noted in crop sown in first week of June 

(S1) (347.34 and 397.70) during 2008 and 2009, respectively. 

Crop sown in first week of July (S3) resulted in significantly minimum productive 

tillers. Weed control methods also varied significantly for their effect on productive tillers. 

Significantly maximum productive tillers (388.70 and 436.62) were recorded in plots where 

weeds were controlled by manual hoeing (W4) during 2008 and 2009, respectively. This 

treatment was significantly different from all other weed control treatments. Whereas, the 

minimum productive tillers (299.09 and 350.45) were recorded in weedy check treatment 

(W1).  
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Interaction was also significant with maximum values (402.49 and 449.44) in plots 

where manual hoeing was done to control weeds and crop was sown in first week of June 

(W4S1) during 2008 and 2009, respectively. It was statistically at par with crop sown in third 

week of June. Crop sown in first week of June and penoxsulam was applied to control weeds 

followed by hand weeding (W7S1) was statistically similar to productive tillers of crop sown 

in first week of June with manual hoeing treatment (W4S1) applied for weed control. The 

minimum productive tillers (284.43 and 334.98) were recorded in weedy check plots sown in 

first week of July (W1S3) during 2008 and 2009, respectively but were statistically at par with 

other two sowing times. When crop was sown in first week of June showed non significant 

differences in plots where penoxsulam and bispyribac-sodium was applied for controlling 

weeds during both years. Whereas, when crop was sown in first week of July, also showed 

similar trend. 

4.2.2.5.4. Spikelets per panicle 

        Year effect was significant therefore the data of both years is given separately. Crop 

sown in first week of June (S1) showed significant differences from other two sowing times 

for spikelets per panicle and had significantly maximum values (113.84 and 118.68) during 

2008 and 2009, respectively. Whereas, crop sown in third week of June (S2)  and first week 

of July (S3) showed non significant differences among each other and were significantly less 

than crop sown in first week of June. 

Weed control treatments also affected the spikelets per panicle significantly. Manual 

weed control treatment where three hoeings were done during the growing season resulted in 

maximum spikelets per panicle (122.14 and 127.16). It was statistically at par with spikelets 

per panicle in plots where penoxsulam followed by one hoeing was done for controlling 

weeds. Whereas, significantly minimum spikelets per panicle were recorded in plots where 

weeds were allowed to compete with crop throughout the growing season. 
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Table 4.115: Effect of sowing time and weed control method on total number of tillers 
in direct-seeded rice 

 
LSD 5%     2008     2009 
Sowing time                           ns                                                  ns 
Weed control method   18.528     17.691 
Interaction                30.149     29.604 

Y × S   =  * 
Y × W  = *   
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 341.46d 341.50d 327.57d 336.84
E 

398.53d
e 

388.86d
e 364.30e 383.90

F 

W2 = Penoxsulam (Pre 
em.) 

398.42b
c 397.56bc 371.45c

d 
389.15
C 446.3bc 439.90c

d 410.46d 425.18
D 

W3 = Bispyribac-sodium 
(Post em.) 

396.21b
c 393.83bc 368.59c

d 
386.21
C 440.67c 436.20c

d 
405.84d
e 

427.57
CD 

W4 = Manual (3 hoeings) 451.95a 447.25ab 429.52a
b 

442.91
A 502.76a 494.27a

b 472.82b 489.95
A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

366.06c
d 362.08cd 348.42d 358.85

D 418.21d 407.24d
e 380.79e 402.08

E 

W6 = Sorghum mulch 353.65d 350.01d 338.45d 347.37
DE 408.85d 401.23d 373.38e 394.49

EF 

W7 = W2 + 1 hoeing   
  

423.22a
b 418.70b 393.42b

c 
411.78
B 

479.87a
b 

464.19b
c 

439.61c
d 

461.22
B 

W8 =  W3 + 1 hoeing   411.39b
c 408.80bc 387.29c 402.49

BC 
460.01b
c 

446.71b
c 

422.59c
d 

443.10
C 

Mean 392.79n
s 389.97 370.59   444.40n

s 434.83 408.72  
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Interaction was also significantly different from spikelets per panicle with maximum 

values (125.37 and 130.72) in plots where manual hoeing was done three times and crop was 

sown in first week of June (W4S1) during 2008 and 2009, respectively. It was significantly 

alike to sowing in third week of June with manual hoeing treatment (W4S2) and also with 

plots where penoxsulam + 1 hoeing was done to control weeds and crop was sown in first 

week of June (W7S1). The minimum spikelets per panicle (97.31 and 102.29) were recorded 

in weedy check plots where crop was sown in first week of July (W1S3) during 2008 and 

2009, respectively. When crop was sown in first week of June showed non significant 

differences in plots where penoxsulam and bispyribac-sodium was applied for controlling 

weeds during both years. Whereas, when crop was sown in first week of July, also showed 

similar trend. 

4.2.2.5.5. Panicle length (cm) 

Year effect was significant therefore the data of both years is given separately. Crop 

sown in first week of June (S1) showed maximum panicle length (15.15 and 15.56 cm). It 

was statistically similar to panicle length of crop sown in third week of June (S2). 

Significantly minimum panicle length was recorded when crop was sown in first week of 

July (S3). Weed control treatments had significant effects on length of panicle. Manual 

control where three hoeings were done resulted in significantly maximum panicle length 

(17.66 and 18.16 cm) during 2008 and 2009, respectively. It was significantly different from 

all other weed control treatments. Weedy check (W1) gave significantly minimum panicle 

length. 

Collective effect of weed control and sowing time resulted in significant differences. 

Crop sown in first week of June along with manual hoeing (W4S1) resulted in the maximum 

panicle length (18.90 and 19.47 cm) during 2008 and 2009, respectively. It was statistically 

at par with crop sown in third week of June during both years. But significantly different 

from panicle length of crop sown in first week of July. The minimum panicle length (9.40 

and 9.80 cm) was obtained in weedy check plots with crop sown in first week of July (W1S3) 

during 2008 and 2009, respectively. It was statistically similar to crop sown in third week of 

June during both years. 
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Table 4.116: Effect of sowing time and weed control method on number of productive 
tillers in direct-seeded rice  

 
LSD5%     2008     2009 
Sowing time                           14.167                                                12.612 
Weed control method   13.469     11.227 
Interaction                19.407     17.399 

Y × S   =  * 
Y × W  = *   
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 307.62ef 305.23ef 284.43f 299.0
9E 

360.48e
f 355.90ef 334.98f 350.45

E 

W2 = Penoxsulam (Pre 
em.) 

342.37c
d 338.97d 317.44e 332.9

3D 
399.14c
d 393.96d 372.54e 388.55

D 

W3 = Bispyribac-sodium 
(Post em.) 339.20d 336.58d

e 309.53ef 328.4
4D 

390.88
d 

387.26d
e 361.68ef 379.94

D 

W4 = Manual (3 
hoeings) 402.49a 398.23a

b 
365.38b
c 

388.7
0A 449.44a 440.81a

b 
419.61b
c 

436.62
A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

321.58d
e 317.64e 294.50f 311.2

4E 370.43e 366.83e 344.45f 360.57
E 

W6 = Sorghum mulch 315.41e 310.60ef 290.55f 305.5
2E 363.27e 357.42ef 335.36f 352.02

E 

W7 = W2 + 1 hoeing   
  

385.60a
b 381.68b 347.49c

d 
371.5
9B 

435.64a
b 429.76b 406.62c

d 
424.01
B 

W8 =  W3 + 1 hoeing   364.42b
c 361.31c 338.39d 354.7

1C 412.30c 405.55c 382.25d
e 

400.03
C 

Mean 347.34A 343.78A 318.46B   397.70
A 392.19A 369.69B  
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Table 4.117: Effect of sowing time and weed control method on number of spikelets per 
panicle in direct-seeded rice 

 

LSD 5%     2008     2009 
Sowing time                           2.352                                                   2.635 
Weed control method   3.856     3.615 
Interaction                 5.109     4.195 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 99.91e 99.34e 97.31e 98.86
E 105.41f 104.69f 102.29f 104.13

E 

W2 = Penoxsulam (Pre 
em.) 

115.48b
c 112.48cd 109.44cd 112.4

7C 122.49bc 118.22c
d 

114.28d
e 

118.33
BC 

W3 = Bispyribac-sodium 
(Post em.) 113.62c 110.45cd 107.51d 110.5

2C 118.39cd 116.26d 112.09d
e 

115.58
C 

W4 = Manual (3 
hoeings) 125.37a 122.56ab 118.48bc 122.1

4A 130.72a 127.11a
b 123.66b 127.16

A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

108.65c
d 105.77de 101.54e 105.3

2D 112.66de 110.96e 106.28f 109.97
D 

W6 = Sorghum mulch 106.38d
e 101.57e 106.93d 104.9

6D 111.06e 105.92f 106.27f 107.75
DE 

W7 = W2 + 1 hoeing   
  

121.52a
b 117.07bc 117.18bc 118.5

9AB 125.45b 123.40b
c 

123.29b
c 

124.05
AB 

W8 =  W3 + 1 hoeing   119.80b 115.25bc 115.64bc 116.9
0B 123.27bc 120.34c

d 121.24c 121.62
B 

Mean 113.84A 110.56B 109.25B   118.68A 115.86B 113.68B  
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Use of sorghum mulch for weed control resulted in non significant differences for 

sowing time during both years as clear from table 4.118. When crop was sown in first week 

of June showed non significant differences in plots where penoxsulam and bispyribac-

sodium was applied for controlling weeds during both years. Whereas when crop was sown 

in first week of July, also showed similar trend. 

4.2.2.5.6. Kernel length (cm) 

Year effect was non significant therefore data of two years was pooled to get the 

mean values. Sowing time had non significant effect on kernel length of rice (Table 4.119). 

But weed control treatments had significant effect on kernel length of direct-seeded rice. 

Significantly maximum kernel length (6.54 cm) was obtained in plots where weeds were 

controlled by manual hoeing (W4). The treatment showed significant differences from rest of 

the treatments where significantly minimum kernel length (5.67 cm) was observed in weedy 

check plots (W1). Kernel length of rice in plots where penoxsulam, bispyribac-sodium, foliar 

spray of water extracts and sorghum mulch (W6) was used for weed control showed 

statistically non significant differences with each other. Whereas, kernel length of direct-

seeded rice in plots where penoxsulam and bispyribac-sodium was followed by manual 

hoeing (W4) showed non significant differences with each other but significantly different 

from rest of the treatments. 

Interactive effect was also significant with maximum kernel length (6.73 cm) in crop 

sown in first week of June in manually controlled weeds by hoeing (W4S1) which was 

statistically at par with crop sown in third week of June in the same weed control treatment 

(W4S2). Whereas, crop sown in first and third week of June and weed control option used 

was penoxsulam followed by one manual hoeing (W7S1 and W7S2) beside bispyribac-sodium 

spray followed by one hoeing when sown in first week of June (W8S1) showed non 

significant differences with kernel length of crop sown in first week of June with manual 

hoeing weed control option (W4S1). The significantly minimum kernel length (5.16 cm) was 

noted in crop sown in first week of July under weedy check condition (W1S3). It was 

significantly different from rest of the treatments. 
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Table 4.118: Effect of sowing time and weed control method on panicle length (cm) in 
direct-seeded rice  
 

 
LSD5%     2008        2009 
Sowing time                           0.719   0.597 
Weed control method   0.399        0.462 
Interaction                1.173        1.225 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 10.80f 10.37fg 9.40g 10.19
F 11.17f 10.70fg 9.80g 10.56F 

W2 = Penoxsulam (Pre 
em.) 15.20cd 14.77cd 12.63e 14.20

C 15.77c 15.27cd 13.13e 14.72
C 

W3 = Bispyribac-sodium 
(Post em.) 14.90cd 14.47cd 12.33e 13.90

C 15.30cd 14.97cd 12.73e 14.33
C 

W4 = Manual (3 
hoeings) 18.90a 18.53a 15.53c 17.66

A 19.47a 19.00a 16.00c 18.16
A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

14.20d 13.87d 12.30e 13.46
D 14.47d 14.20de 12.60e 13.76

D 

W6 = Sorghum mulch 13.30de 13.03de 12.17e 12.83
E 13.53de 13.30de 12.40ef 13.08

E 

W7 = W2 + 1 hoeing   
  17.10b 16.87b 14.93cd 16.30

B 17.53b 17.43b 15.37cd 16.78
B 

W8 =  W3 + 1 hoeing   16.80b 16.60bc 14.60cd 16.00
B 17.27b 17.03bc 14.93cd 16.41

B 

Mean 15.15A 14.81A 12.99B   15.56A 15.24A 13.37B  
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When crop was sown in first week of June showed non significant differences in most 

of the weed control treatments. Whereas when crop was sown in first week of July, also 

showed similar trend. 

4.2.2.5.7. Kernel width (cm) 

Year effect was non significant so data of both years was pooled to get the mean 

values of kernel length (Table 4.120). Sowing time, weed control treatments and their 

interaction showed non significant results.  

4.2.2.5.8. Kernel length width ratio  

Year effect was non significant so data of both years was pooled to get the mean 

values of kernel length. Crop sown at different times did not differ significantly from each 

other but weed control treatments had significant differences from each other for kernel 

length width ratio as clear from data presented in Table 4.121. Significantly maximum kernel 

length width ratio (4.67) was noted when manual hoeing (W4) was done three times during 

the growing season. Plots where pre-emergence and bispyribac-sodium were separately 

sprayed each followed by one hoeing could not reach the level of significance with each 

other. Same trend was also noted when spray of bispyribac-sodium, foliar application of crop 

water extracts and sorghum mulch (W6) were used for controlling weeds. Significantly 

minimum kernel length width ratio was found in weedy check plots (W1) as weeds were not 

removed at all which affected the growth and development of rice kernel. 

Interaction of both factors also significantly affected the kernel length width ratio. 

The maximum kernel length width ratio (4.88) was noted in crop sown in first week of June 

and where weeds were controlled by three manual hoeings (W4S1). It was statistically at par 

with kernel length width ratio of rice sown in third week of June. The minimum kernel length 

width ratio (3.39) was observed in weedy check plots in which crop was sown in first week 

of July (W1S3). When crop was sown in first week of June showed non significant 

differences in plots where penoxsulam and bispyribac-sodium was applied for controlling 

weeds during both years. Whereas when crop was sown in first week of July, also showed 

similar trend. 
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4.2.2.5.9. 1000 kernel weight (g) 

Year effect was significant for 1000 kernel weight. Sowing time significantly affected 

the 1000 kernel weight. Crop sown in first week of June (S1) showed maximum 1000 kernel 

weight (16.54 and 17.11 g) during 2008 and 2009, respectively. Crop sown in first and third 

week of June (S1 and S2, respectively) showed non significant difference among each other. 

Weed control treatment also showed significant differences. Plots where manual hoeing was 

done three times (W4) during growing season resulted in significantly maximum 1000 kernel 

weight (17.67 and 18.45 g) during 2008 and 2009, respectively. It was significantly different 

and higher from all other weed control approaches used during the course of the experiment. 

Significantly minimum 1000 kernel weight was recorded in weedy check plots (W1) as 

weeds allowed competing with crop throughout the season which impaired the growth of 

crop plants. It also affected the accumulation and partitioning of photosynthates into 

reproductive organs thereby reduction in assimilation of photosynthates in kernels resultantly 

reduction in 1000 kernel weight. 

Interaction was also significant. Manual hoeing in crop sown in first week of June 

(W4S1) resulted in maximum 1000 kernel weight (18.51 and 18.87 g) in 2008 and 2009, 

respectively. It could not reach the level of significance for sowing of crop in third week of 

June. Significantly minimum 1000 kernel weight (12.49 and 13.29 g) was recorded in weedy 

check plots where rice was sown in first week of July (W1S3). It was significantly different 

from rest of the treatments while all other treatments were intermediate for 1000 kernel 

weight. When crop was sown in first week of June showed non significant differences in 

plots where penoxsulam and bispyribac-sodium was applied for controlling weeds during 

both years. Whereas when crop was sown in first week of July, also showed similar trend. 
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Table 4.119: Effect of sowing time and weed control method on kernel length (cm) in 
direct-seeded rice   

 
LSD 5%     2008 and 2009    
  
Sowing time                           ns  
Weed control method   0.109         
Interaction                 0.204         

Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns 

 

Weed control 2008 and 2009 
Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 6.17c 6.04c 5.16f 5.67D 

W2 = Penoxsulam (Pre em.) 6.44b 6.41b 5.52de 6.12C 

W3 = Bispyribac-sodium (Post em.) 6.41b 6.39b 5.48de 6.09C 

W4 = Manual (3 hoeings) 6.73a 6.68ab 6.16c 6.54A 

W5 = Foliar spray of sorghum and 
sunflower water extracts 

6.39b 6.37bc 5.41e 6.06C 

W6 = Sorghum mulch 6.36bc 6.34bc 5.38e 6.03C 

W7 = W2 + 1 hoeing     6.57ab 6.54ab 5.68d 6.30B 

W8 =  W3 + 1 hoeing   6.55ab 6.52b 5.59de 6.25B 

Mean 6.48ns 6.46 5.55  
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Table 4.120: Effect of sowing time and weed control method on kernel width (cm) in 
direct-seeded rice  

 
LSD 5%     2008 and 2009    
   
Sowing time                           ns  
Weed control method   ns      
Interaction                ns       

  
Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns 

ns = non-significant   

Weed control 2008 and 2009 
Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 1.49ns 1.51 1.52 1.51ns 

W2 = Penoxsulam (Pre em.) 1.44 1.45 1.47 1.45 

W3 = Bispyribac-sodium (Post em.) 1.46 1.46 1.49 1.47 

W4 = Manual (3 hoeings) 1.38 1.40 1.41 1.40 

W5 = Foliar spray of sorghum and 
sunflower water extracts 

1.47 1.48 1.50 1.48 

W6 = Sorghum mulch 1.47 1.49 1.50 1.49 

W7 = W2 + 1 hoeing     1.41 1.42 1.42 1.42 

W8 =  W3 + 1 hoeing   1.42 1.43 1.44 1.43 

Mean 1.44ns 1.46 1.47  
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Table 4.121: Effect of sowing time and weed control method on kernel length width 
ratio in direct-seeded rice  

     

 
LSD 5%            
Sowing time                           ns  
Weed control method   0.114      
Interaction                 0.204       

Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns 

Weed control 2008 and 2009 
Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 4.14d 4.00de 3.39g 3.85E 

W2 = Penoxsulam (Pre em.) 4.47bc 4.42c 3.76ef 4.22C 

W3 = Bispyribac-sodium (Post em.) 4.39c 4.38c 3.68e 4.15CD 

W4 = Manual (3 hoeings) 4.88a 4.77ab 4.37c 4.67A 

W5 = Foliar spray of sorghum and sunflower water extracts 4.35c 4.30cd 3.61f 4.09D 

W6 = Sorghum mulch 4.33cd 4.26cd 3.59fg 4.06D 

W7 = W2 + 1 hoeing     4.66b 4.61bc 4.00de 4.42B 

W8 =  W3 + 1 hoeing   4.61bc 4.56bc 3.88e 4.35B 

Mean 4.48ns 4.41 3.78  
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Table 4.122: Effect of sowing time and weed control method on 1000 kernel weight (g) 
in direct-seeded rice 

 
LSD5%     2008       2009 
Sowing time                           0.399 0.353 
Weed control method   0.298       0.284 
Interaction                0.613       0.654 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 13.62g 13.50g 12.49h 13.03
E 15.34e 14.16f 13.29g 14.26

E 

W2 = Penoxsulam (Pre 
em.) 16.67c 16.52cd 15.03e 16.07

C 17.05c 16.87cd 15.94de 16.62
C 

W3 = Bispyribac-sodium 
(Post em.) 16.45cd 16.32cd 14.96e 15.91

C 16.88cd 16.72cd 16.04de 16.55
CD 

W4 = Manual (3 
hoeings) 18.51a 18.29a 16.20c 17.67

A 18.87a 18.66a 17.81b 18.45
A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

16.23cd 16.01d 14.44f 15.56
D 16.75cd 16.56cd 15.47e 16.26

D 

W6 = Sorghum mulch 15.98d 15.83de 14.38f 15.40
D 16.42cd 16.28d 15.47e 16.06

D 

W7 = W2 + 1 hoeing   
  17.57b 17.46b 15.45de 16.83

B 17.94b 17.76b 16.49cd 17.40
B 

W8 =  W3 + 1 hoeing   17.26bc 17.16bc 15.36e 16.59
B 17.61bc 17.41bc 16.69cd 17.24

B 

Mean 16.54A 16.39A 14.79B   17.11A 16.80A 15.90B  
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4.2.2.5.10. Kernel yield (Kg ha-1) 

Year effect was significant for kernel yield. Sowing time had significant effect on 

kernel yield of rice (Table 4.123). Crop sown in first week of June (S1) showed maximum 

kernel yield (2390 and 2480 kg ha-1) during 2008 and 2009, respectively. It was at par with 

kernel yield of crop sown in third week of June (S2). Crop sown in third week of June and 

first week of July (S2 and S3, respectively) could not reach the level of significance with each 

other. Significantly minimum kernel yield as affected by sowing time was found in plots 

where rice was sown in first week of July during both years. 

Weed control treatment also significantly affected the kernel yield of rice. Plots 

where three manual hoeings (W4) were used as weed control option resulted in significantly 

maximum kernel yield (2791 and 2921 kg ha-1) during 2008 and 2009, respectively and it 

was significantly different from all weed control treatments. While significantly minimum 

kernel yield was found in weedy check (W1). 

Interaction was also significant with maximum kernel yield obtained in plots where 

rice was directly seeded in first week of June and manual hoeing was done three times for 

controlling weeds (W4S1) (2849 and 3042 kg ha-1) during 2008 and 2009 , respectively. It 

was statistically similar to other two sowing times during both years. Similar trend was also 

noted in all weed control treatments which were though statistically and significantly 

different from one another but showed non significant difference within same weed control 

treatment at different sowing times during both years. When crop was sown in first week of 

June showed non significant differences in plots where penoxsulam, sorghum mulch, foliar 

spray of crop water extracts and bispyribac-sodium was applied for controlling weeds during 

both years. Whereas when crop was sown in first week of July, also showed similar trend. 

4.2.2.5.11. Straw yield (kg ha-1) 

The year effect was significant for straw yield of rice. Crop sown at different times 

did not differ significantly from straw yield as clear from data presented in table 4.125. All 

the weed control treatments except weedy check (W1) showed non significant differences 

with each other in 2008 while in 2009 more significant variation was recorded. 
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Table 4.123: Effect of sowing time and weed control method on kernel yield (kg ha-1) in 
direct-seeded rice  
    

 
LSD 5%     2008    2009 
Sowing time                           86.1 95.9 
Weed control method   173.9     180.5 
Interaction                 379.6     361.7 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
1633d 1572d 1513d 

1573
E 1794d 1706d 1612d 1704E 

W2 = Penoxsulam (Pre 
em.) 2458b 2405bc 2337bc 

2400
BC 2536bc 2485bc 2405bc 

2475B
C 

W3 = Bispyribac-sodium 
(Post em.) 2385bc 2333bc 2252bc 

2323
C 2461bc 2398bc 2327bc 2395C 

W4 = Manual (3 
hoeings) 2849a 2808ab 2716ab 

2791
A 3042a 2918ab 2803ab 2921A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

2275bc 2219bc 2133bc 
2209
CD 2382bc 2246c 2208c 

2279C
D 

W6 = Sorghum mulch 
 2182bc 2109bc 2059c 

2084
D 2239c 2182c 2115c 2179D 

W7 = W2 + 1 hoeing   
  2608ab 2527ab 2431bc 

2522
B 2735ab 2667b 2566bc 2656B 

W8 =  W3 + 1 hoeing   
2523ab 2459b 2393bc 

2458
BC 2652b 2595bc 2524bc 2590B 

Mean 2390A 2304AB 2229B   2480A 2400AB 2320B   
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Table 4.124: Effect of sowing time and weed control method on % increase in kernel 
yield in direct-seeded rice over weedy check  

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy 
check 

1633d 1572d 1513d 1573E 1794d 1706d 1612d 1704E 

W2 = 
Penoxsulam (Pre 
em.) 

2458b 

(50.52) 

2405bc 

(52.99) 
2337bc(
54.46) 

2400BC 
(52.66) 

2536bc 
(41.36) 

2485bc 
(45.66) 

2405bc 
(49.19) 

2475BC 
(45.40) 

W3 = Bispyribac-
sodium (Post 
em.) 

2385bc 

(46.05) 

2333bc 

(48.41) 
2252bc 
(48.84) 

2323C 
(47.77) 

2461bc 
(37.18) 

2398bc 
(40.56) 

2327bc 
(44.35) 

2395C 
(40.70) 

W4 = Manual (3 
hoeings) 

2849a 

(74.46) 

2808ab 

(78.63) 
2716ab 
(79.51) 

2791A 
(77.53) 

3042a 

(69.57) 
2918ab 
(71.04) 

2803ab 
(73.88) 

2921A 
(71.50) 

W5 = Foliar 
spray of sorghum 
and sunflower 
water extracts 

2275bc 

(39.31) 

2219bc 

(41.16) 
2133bc 
(40.98) 

2209CD 
(40.48) 

2382bc 
(32.78) 

2246c 
(31.65) 

2208c 
(36.97) 

2279CD 
(33.80) 

W6 = Sorghum 
mulch 

 2182bc 

(33.62) 

2109bc 

(34.16) 

2059c 

(36.09) 
2084D 
(34.62) 

2239c 

(24.80) 
2182c 
(27.90) 

2115c 
(31.20) 

2179D 
(27.97) 

W7 = W2 + 1 
hoeing   
  

2608ab 

(59.71) 

2527ab 

(60.75) 
2431bc 
(60.67) 

2522B 
(60.38) 

2735ab 
(52.45) 

2667b 
(56.33) 

2566bc 
(59.18) 

2656B 
(55.99) 

W8 =  W3 + 1 
hoeing   

2523ab 

(54.50) 

2459b 

(56.42) 
2393bc 
(58.16) 

2458BC 
(56.36) 

2652b 

(47.83) 
2595bc 
(52.11) 

2524bc 
(56.58) 

2590B 
(52.17) 

Mean 2390A 
(7.22) 

2304AB 
(3.36) 2229B    

2480A 
(6.90) 

2400AB 
(3.45) 2320B  
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Plots where manual hoeing (W4) was done three times resulted in maximum straw 

yield (11864 and 12999 kg ha-1). Significantly minimum straw yield (9451 and 9886 kg ha-1) 

was recorded in weedy check plots (W1). 

Interactive effect of weed control and sowing time yielded significant differences. 

Crop sown in first week of July in plots where three manual hoeings were done (W4S3), gave 

maximum straw yield (12769 and 13015 kg ha-1) during 2008 and 2009, respectively. While 

the minimum straw yield (9685 and 9879 kg ha-1) was recorded in weedy check plots where 

crop was sown in first week of June (W1S1) during 2008 and 2009, respectively. There was 

non significant difference for sowing time in weedy check as far as straw yield is concerned 

during both years. When crop was sown in first week of June showed non significant 

differences in most of the treatments used for controlling weeds during both years. Whereas 

when crop was sown in first week of July, also showed similar trend. 

4.2.2.5.12. Harvest index (%) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time significantly affected the HI of rice (Table 4.126). The maximum HI (19.83 and 

20.68%) was recorded in crop sown in first week of June (s1) during 2008 and 2009, 

respectively. It was statistically at par with HI of crop sown in third week of June (S2). Crop 

sown in third week of June could not reach the level of significance with that of HI of crop 

sown in first week of July (S3). Weed control treatments had significant effects on HI of crop. 

Significantly maximum HI (22.10 and 22.47%) was observed in plots where manual hoeing 

(W4) was done three times for weed control. it was followed by HI in plots where 

penoxsulam, bispyribac-sodium were sprayed + I hoeing along with each herbicide during 

both years. While significantly minimum HI (16.19 and 17.24%) was obtained in weedy 

check plots (W1) during 2008 and 2009, respectively. 

Interaction of weed control and sowing time showed statistically significant 

difference. Crop sown in first week of June in plots where weeds were controlled by three 

manual hoeings (W4S1) gave maximum HI. It was statistically at par with HI of crop sown in 

third week of June. 
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Table 4.125: Effect of sowing time and weed control method on straw yield (kg ha-1) in 
direct-seeded rice 

 
LSD5%     2008         2009 
Sowing time                           ns  ns 
Weed control method   544.6          523.8 
Interaction                627.2          611.2 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 9685c 9701c 9753c 9451B 9879c 9886c 9893c 9886C 

W2 = Penoxsulam 
(Pre em.) 

12156ab 12206ab 12286ab 11481A 12119b 12149b 12214b 12161B 

W3 = Bispyribac-
sodium (Post em.) 

12115b 12156ab 12209ab 11399A 12098b 12108b 12186b 12131B 

W4 = Manual (3 
hoeings) 

12451ab 12683ab 12769a 11864A 12986a 12996a 13015a 12999A 

W5 = Foliar spray 
of sorghum and 
sunflower water 
extracts 

12308ab 12324ab 12206ab 11459A 12327b 12330b 12869ab 
12509A
B 

W6 = Sorghum 
mulch 

12238ab 12249ab 12258ab 11418A 12106b 12112b 12123b 12114B 

W7 = W2 + 1 
hoeing   
  

12012b 12145ab 12236ab 11462A 12018b 12286b 12415ab 12240B 

W8 =  W3 + 1 
hoeing   

12019b 12064b 12105b 11416A 12051b 12082b 12961a 12365B 

Mean 11873ns 11941 11978   11948ns 11994 12210   
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Crop sown in first week of June and applied with penoxsulam + 1 hoeing (W7S1) for 

control of weeds could not reach the significant level with the HI of crop sown in first week 

of June where manual hoeing was done thrice (W4S1). Plots where penoxsulam and sorghum 

mulch were used for control of weeds resulted in non significant differences for effect of 

sowing time. When crop was sown in first week of June showed non significant differences 

in plots where penoxsulam and bispyribac-sodium was applied for controlling weeds during 

both years. Whereas when crop was sown in first week of July, also showed similar trend. 

Discussion 

Higher kernel yield in manual hoeing could be owed to more productive tillers, 

spikelets per panicle, panicle length, kernel length and 1000 kernel weight. All herbicide 

treatments increased yield compared with control. 68–85% reduction in barnyardgrass 

panicle number was obtained in most of the treatments compared to untreated control. Hare 

et al., (1989) reported after a series of field trials that pretilachlor gave weed control of 76-

99% and maximum rice yield (195% of the untreated control of 2.98 t ha-1) was obtained by 

applying pretilachlor at 3.50 g ha-1. Ramamoorthy and Palaniappan (1994) reported that 

pendimethalin 1.25 kg ha-1 pre-emergence gave maximum grain yield 4559 kg ha-1 and 3120 

kg ha-1 in two seasons. Begum et al., (2003) had observed adverse effects of very low doses 

of Ronstar-25 EC and the higher dose of golteer 5-G on plant heights. Even the lowest dose 

of Ronstar 25-EC reduced plant height similar to the control treatment. 
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Table 4.126: Effect of sowing time and weed control method on harvest index (%) in 
direct-seeded rice 

 

 LSD 5%     2008       2009 

Sowing time                           1.049 1.061 
Weed control method   0.946        0.960 
Interaction                 1.354        1.204 

Y × S   =  * 
Y × W  = *   
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
16.86e 16.20e 15.51e 

16.19
E 18.16e 17.26e 16.29e 17.24E 

W2 = Penoxsulam (Pre 
em.) 20.22bc 19.70cd 19.02cd 

19.65
C 20.93c 20.45c 19.69cd 20.36BC 

W3 = Bispyribac-sodium 
(Post em.) 19.69cd 19.19cd 18.45d 

19.11
C 20.34c 19.81cd 19.10d 19.75C 

W4 = Manual (3 
hoeings) 22.88a 22.14ab 21.27b 

22.10
A 23.43a 22.45ab 21.54bc 22.47A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

18.48d 18.01de 17.48de 
17.99
D 19.32d 18.22de 17.16e 18.23D 

W6 = Sorghum mulch 
17.83de 17.22de 16.80e 

17.28
D 18.49de 18.02de 17.45e 17.99DE 

W7 = W2 + 1 hoeing   
  21.71ab 20.81bc 19.87c 

20.80
B 22.76ab 21.71bc 20.67c 

21.71A
B 

W8 =  W3 + 1 hoeing   
20.99bc 20.38bc 19.77cd 

20.38
BC 22.01b 21.48bc 19.47cd 20.99B 

Mean 
19.83A 

19.21A
B 18.52B  20.68A 

19.92A
B 18.92B  
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Maximum increase in kernel yield over weedy check (77.53 and 71.50%) during 2008 

and 2009, respectively in plots where weeds were controlled by manual hoeings could be 

attributed to continuous hoeing, not allowing the weeds to establish. Sorghum mulch 

suppressed the weeds at early stage by covering the emerging weed seedlings thereby 

causing 40.48 and 33.80% increase in yield over weedy check during growing seasons of 

2008 and 2009, respectively. Delaying the sowing from first week of June to first week of 

July with significant reduction in 1000 kernel weight when weeds were controlled by pre-

emergence herbicide during both years could be due to variation in temperature which could 

have better efficiency when applied in first week of June as compared to delayed sowing 

thereby better crop growth and development with better plant height, number of productive 

tillers and panicle length etc. Consequently better partitioning of assimilates into the kernel 

thereby improving 1000 kernel weight.  

In weedy check plots as weeds were not controlled at any stage and allowed to 

compete with crop therefore crop growth rate and net assimilation rate was minimum which 

resulted in significantly minimum number of tillers per unit area. Whereas, the use of 

different weed control methods, the resource sharing was shifted in favor of crop to a varying 

degree which increased the growth rate of the crop and assimilatory activity thereby 

improving the net assimilation rate. Krishnasamy and Balasubramanian (1997) stated that 

pre-emergence application of thiobencarb either at 6 or 8 days after sowing (DAS) or post-

emergence application of propanil at 15 DAS, each followed by one hand weeding at 35 

DAS or hand weeding twice at 20 and 35 DAS, gave statistically similar grain yields. They 

further reported that the cost of weeding was lower when thiobencarb was applied at 6 and 8 

DAS with one hand weeding at 35 DAS. Ramamoorthy et al., (1998) concluded that among 

the weed-control methods (hand weeding, 1.50 kg fluchloralin ha-1 pre-em. + hand weeding, 

1.25 kg pendimethalin pre-em. + hand weeding or 1.0 kg thiobencarb pre-em. + hand 

weeding), highest yield and highest net return with a high benefit cost ratio of 2.94 was 

recorded with pendimethalin + hand weeding. Further comparative studies for weed control 

methods were carried out by Kathiresan and Manoharan, (2002) and they concluded that 

among the weed-control methods, application of pre-emergence oxyflourfen + HW gave the 

highest grain yield, followed by pendimethalin + HW. Mazid et al., (2003) compared hand 

weeding and pre-emergence herbicides and concluded that oxadiazon applied as pre-
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emergence controlled major weeds but one manual weeding was needed for yield protection 

from weed competition from Alternanthera sessilis, Cyperus iria and Paspalum distichum. 

Pre-emergence application of pendimethalin with one/three hand weedings gave higher rice 

yield (Elliot and Moody, 1991).  

Increase in kernel yield over weedy check as a result of weed control methods varied 

from 34.62% (in plots where sorghum mulch was applied) to 77.53% (in plots where weeds 

were controlled by manual hoeings) during growing season of 2008. Whereas, in growing 

season of 2009, the increase in kernel yield over weedy check as a result of applying 

different weed control techniques ranged from 27.97% to 71.50% in the same weed control 

treatments as mentioned above. Manual hoeing proved to be most effective in controlling 

weeds. In case of labor shortage spray of herbicides also gave better returns. Results are in 

consonance with the findings of Chandra et al., (1998) who evaluated the hand weeding and 

herbicide in drill seeded upland rice having E. colonum, C. iria and Trianthema monogyna as 

major weeds. Their results revealed that hand weeding at 25 and 40 DAS gave maximum 

grain yield and increase in yield over weedy check (27.9%) as compared with herbicides. 

4.2.2.6. Quality Parameters 

4.2.2.6.1. Sterile spikelets (%) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time had significant effects on sterility of spikelets in rice (Table 4.127). The 

maximum sterile spikelets (10.23 and 8.29%) were noted in plots where crop was sown in 

first week of July (S3) during 2008 and 2009, respectively. While sowing of crop in third 

week of June (S2) in 2009 was also statistically similar to sowing in first week of July. The 

minimum sterile spikelets were noted in crop sown in first week of June (S1) during both 

years. 

Weed control methods also significantly affected the sterile spikelets. Significantly 

maximum sterile spikelets (11.70 and 8.99%) were recorded in weedy check (W1) because 

weeds were allowed to compete with crop until harvest of the crop. Significantly minimum 

sterile spikelets (8.49 and 7.22%) were recorded in manual hoeing treatment (W4) during 

2008 and 2009, respectively. 
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Interactive effect was also significant with maximum (11.84 and 9.18%) was noted in 

weedy check plots which were sown in first week of July (W1S3) during 2008 and 2009, 

respectively. Crop sown in first and third week of June, 2008 also showed non significant 

differences among each other. Whereas, the minimum sterile spikelets (8.25 and 7.11%) were 

noted in manual weed control treatment when sown in first week of June (W4S1) during 2008 

and 2009, respectively. It was statistically at par to other two sowing times during both years 

except sowing at first week of July during 2008. plots where bispyribac-sodium was applied 

followed by 1 manual hoeing showed non significant differences for effect of sowing time in 

2009 while in 2008 first and third week of June sowing showed non significant differences 

with each other but significantly different from sowing in first week of July. Similar trend 

was also noted for treatment where penoxsulam was applied along with in plots where 

manual hoeing thrice (W4) was done. 

Crop sown in first week of July and applied with sorghum mulch and foliar spray of 

water extracts (W6S3 and W5S3, respectively) showed non significant differences with sterile 

spikelets of crop sown in first and third week of June during 2009 but it was not the case in 

2008 where there were significant differences. When crop was sown in first week of June 

showed non significant differences in plots where penoxsulam and bispyribac-sodium was 

applied for controlling weeds during both years. Whereas when crop was sown in first week 

of July, also showed similar trend. 

4.2.2.6.2. Abortive kernels (%) 

There was a significant year effect therefore the data of both years is given separately. 

Sowing time showed significant difference for abortive kernels (Table 4.128). The maximum 

(3.74 and 2.75%) was recorded in crop sown in first week of July (S3) during 2008 and 2009, 

respectively. Crop sown in third week of June (S2) and first week of July during 2008 could 

not reach the level of significance for abortive kernels. 
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Table 4.127: Effect of sowing time and weed control method on sterile spikelets (%) in 
direct-seeded rice  

 
LSD5%     2008     2009 
Sowing time                           0.109  0.114 
Weed control method   0.128                0.139 
Interaction                0.298     0.204 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week 

of July 

Mean 

W1 = Weedy check 11.56a 11.71a 11.84a 11.70
A 8.87bc 8.91bc 9.18a 8.99A 

W2 = Penoxsulam (Pre 
em.) 

9.77ef 9.97e 10.16d 9.97D 7.86fg 7.96f 8.14ef 7.99E 

W3 = Bispyribac-sodium 
(Post em.) 9.88ef 10.04e 10.38d 10.10

D 8.03ef 8.21e 8.43d 8.22D 

W4 = Manual (3 hoeings) 8.25i 8.41i 8.80h 8.49F 7.11i 7.18i 7.37hi 7.22H 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

10.24d 10.33d 10.77c 10.45
C 8.42d 8.54cd 8.70c 

8.55C 

W6 = Sorghum mulch 10.83c 10.90bc 11.20b 10.98
B 8.61cd 8.73c 8.97b 8.77B 

W7 = W2 + 1 hoeing   
  

8.63hi 8.74h 9.05gh 8.81E 7.45h 7.57gh 7.72g 7.58G 

W8 =  W3 + 1 hoeing   9.24g 9.29g 9.62f 9.39E 7.60gh 7.74g 7.89fg 7.74F 

Mean 9.80C 9.92B 10.23A   7.99B 8.10AB 8.29A  
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Weed control methods also affected significantly the abortive kernels. The maximum 

abortive kernels (4.25 and 3.14%) was recorded in weedy check (W1) which was statistically 

at par with abortive kernels in sorghum mulch treatment (W6) during 2008 and 2009 , 

respectively. Whereas, minimum (3.06 and 2.16%) abortive kernels were recorded in manual 

hoeing treatment (W4). In 2009 this treatment was statistically at par with abortive kernels in 

plots where pre and bispyribac-sodium were separately applied and each followed by manual 

hoeing. 

Interactive effect was also significant. The maximum abortive kernels (4.38 and 

3.29%) were recorded in weedy check condition in plots sown in first week of July (W1S3) 

during 2008 and 2009 and it showed statistically non significant differences for effect of 

other two sowing times except sowing of crop in first week of June in 2008. Whereas, 

minimum abortive kernels (2.90 and 2.05%) were noted in manual hoeing treatment when 

rice was directly seeded in first week of June (W4S1) during 2008 and 2009, respectively. 

In 2008, there was non significant difference among treatments for sowing time in 

manual hoeing treatment. Same was also the case in 2009 except in plots where crop was 

sown in first week of July, 2009 which was significantly different from other two sowing 

times. There was statistically non significant difference for sowing time between plots where 

pre-emergence, post-emergence, foliar application of water extracts, sorghum mulch and in 

plots where post-emergence was followed with one manual hoeing during both years. When 

crop was sown in first week of June showed non significant differences in plots where 

penoxsulam, foliar spray of crop water extracts and bispyribac-sodium was applied for 

controlling weeds during both years. Whereas when crop was sown in first week of July, also 

showed similar trend. 
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Table 4.128: Effect of sowing time and weed control method on abortive kernels (%) in 
direct-seeded rice 
 

 
LSD 5%     2008     2009 
Sowing time                           0.122  0.101 
Weed control method   0.209                0.197 
Interaction                0.284                0.321 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

 

 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 4.08b 4.28ab 4.38a 4.25A 3.03ab 3.10ab 3.29a 3.14A 

W2 = Penoxsulam (Pre 
em.) 

3.32de 3.52cd 3.64cd 3.49C 2.50cd 2.57c 2.70bc 2.59C 

W3 = Bispyribac-sodium 
(Post em.) 3.42d 3.58cd 3.70cd 3.57B

C 2.58c 2.65bc 2.75bc 2.66B 

W4 = Manual (3 hoeings) 2.90e 3.08e 3.19de 3.06D 2.05d 2.16d 2.28c 2.16D 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

3.64cd 3.79c 3.83bc 3.75B 2.72bc 2.81bc 2.93b 
2.82B 

W6 = Sorghum mulch 3.91bc 4.02bc 4.18ab 4.04A
B 2.88bc 2.95b 3.04ab 2.96A

B 

W7 = W2 + 1 hoeing   
  

3.08e 3.32de 3.44d 3.28C 2.23d 2.30cd 2.40cd 2.31D 

W8 =  W3 + 1 hoeing   3.20de 3.36de 3.52cd 3.36C 2.33cd 2.42cd 2.60c 2.45C
D 

Mean 3.44B 3.62A 3.74A   2.54B 2.62B 2.75A  
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4.2.2.6.3. Opaque kernels (%) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time showed non significant differences on opaque kernels of rice during both years. 

Whereas, weed control methods had significant effects on opaque kernels (Table 4.129). The 

maximum opaque kernels (9.11 and 6.36%) were noted in weedy check plots (W1) where 

weeds competed with crop throughout the growing season. In 2008 it showed significant 

differences with all other treatments. Whereas, in 2009 opaque kernels of weedy check plots 

(W1) could not reach the level of significance to those obtained in sorghum mulch treatment 

(W6). 

Interaction was also significant with maximum (9.30 and 6.57%) in weedy check 

plots where rice was sown in first week of July (W1S3) during 2008 and 2009, respectively. 

In weedy check condition, there was non significant difference for effect of sowing time with 

each other during both years. The minimum opaque kernels (6.91 and 5.12%) were found in 

plots sown in first week of June where manual hoeing was done (W4S1). There was non 

significant difference for sowing time in plots where manual hoeing was done for controlling 

weeds during both years. Similar trend was also noted in all treatments separately during 

both years. When crop was sown in first week of June showed non significant differences in 

plots where penoxsulam and bispyribac-sodium was applied for controlling weeds during 

both years. Whereas when crop was sown in first week of July, also showed similar trend. 
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4.2.2.6.4. Normal kernels (%) 

Year effect was significant for normal kernels. There was a strong and significant 

difference for effect of sowing time on normal kernels of rice (Table 4.130). Significantly 

maximum normal kernels (55.92 and 62.21%) were recorded in first week of June sowing 

(S1) which was significantly different from other sowing times during 2008 and 2009, 

respectively. Crop sown in first week of July (S3) showed significantly minimum normal 

kernels during both years. 

Weed control method had significant effects on normal kernels. Statistically 

maximum normal kernels (63.78 and 64.67%) were noted in plots where weeds were 

controlled by three times manual hoeing (W4) during the growing season in 2008 and 2009, 

respectively. It was significantly different from all other weed control treatments. Whereas, 

significantly minimum number of normal kernels (47.00 and 54.44%) were recorded in plots 

where weeds were not controlled at all during 2008 and 2009, respectively. Control of weeds 

through foliar application of water extracts and sorghum mulching (W6) could not reach the 

significant level in 2008 while in 2009 weed control by penoxsulam + 1 hoeing and 

bispyribac-sodium + 1 hoeing also showed statistically non significant results for normal 

kernels. 

Interaction was also significant. Crop sown in first week of June and control of weed 

by manual hoeing (W4S1) was practiced showed significant difference and maximum normal 

kernels (66.33 and 66.67%) during 2008 and 2009, respectively. Whereas, significantly 

minimum (45.33 and 52.33%) normal kernels were found in plots sown in first week of July 

and weeds were allowed to grow and compete until harvest of the crop (W1S3) during 2008 

and 2009, respectively. There was significant and variable difference in normal kernels under 

different sowing times and weed control methods. When crop was sown in first week of June 

showed variable differences in all weed control treatments during both years. Whereas when 

crop was sown in first week of July also showed similar trend. 
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Table 4.129: Effect of sowing time and weed control method on opaque kernels (%) in 
direct-seeded rice  
    

 
LSD5%     2008     2009 
Sowing time                           ns                                                         ns 
Weed control method   0.395     0.381 
Interaction                0.542     0.422 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 8.97ab 9.07ab 9.30a 9.11A 6.21ab 6.31ab 6.57a 6.36A 

W2 = Penoxsulam (Pre 
em.) 7.45de 7.70cd 7.93cd 7.69C

D 5.71bc 5.79bc 5.91bc 5.80B
C 

W3 = Bispyribac-sodium 
(Post em.) 7.51cd 7.75cd 8.05c 7.77C 5.75bc 5.80bc 5.98bc 5.84B

C 

W4 = Manual (3 hoeings) 6.91e 7.14de 7.45de 7.17D 5.12d 5.23cd 5.36cd 5.24C 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

8.17bc 8.37bc 8.57bc 8.37B 5.89bc 5.95bc 6.07b 
5.97B 

W6 = Sorghum mulch 8.28bc 8.46bc 8.68b 8.47B 5.97bc 6.08b 6.15ab 6.07A
B 

W7 = W2 + 1 hoeing   
  

7.15de 7.35de 7.20de 7.23D 5.33cd 5.41cd 5.53cd 5.42C 

W8 =  W3 + 1 hoeing   7.28de 7.51d 7.31de 7.37C
D 5.42cd 5.46cd 5.62c 5.50C 

Mean 7.71ns 7.92 8.06   5.67ns 5.75 5.90  
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4.2.2.6.5. Kernel protein contents (%) 

Year effect was significant therefore the data of both years is given separately. 

Sowing time significantly affected the kernel protein contents (Table 4.131). The maximum 

kernel protein contents (7.32 and 7.72%) were recorded in plots where crop was sown in first 

week of June (S1) in 2008 and 2009, respectively. Crop sown in first and third week of June 

(S1 and S2, respectively) showed non significant differences among themselves while crop 

sown in third week of June (S2) showed statistically non significant differences with crop 

sown in first week of July (S3) for kernel protein contents during both years. 

Weed control methods also had significant bearing on kernel protein contents of rice. 

Significantly maximum kernel protein contents (8.11 and 8.13 %) were noted in plots where 

weeds were removed by three times manual hoeing (W4) which continuously kept a check on 

growth and establishment of weeds, thereby improving the growth and development of rice 

crop. Combined effect of weed control and sowing time yielded significant results. The 

maximum kernel protein (8.17 and 8.23%) was recorded in plots where weeds were 

controlled by hand hoeing three times throughout the growing season when crop was sown in 

first week of June (W4S1), in 2008 and 2009, respectively. When penoxsulam and bispyribac-

sodium herbicides were used to control weeds resulted in statistically non significant 

differences within each treatment for effect of sowing time on kernel protein contents in both 

years. When crop was sown in first week of June showed non significant differences in plots 

where penoxsulam and bispyribac-sodium were used in integration with hoeing for 

controlling weeds during both years. Whereas when crop was sown in first week of July, also 

showed similar trend. 
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Table 4.130: Effect of sowing time and weed control method on normal kernels (%) in 
direct-seeded rice 

 
LSD 5%     2008     2009 
Sowing time                           0.956  0.747 
Weed control method   1.241                1.344 
Interaction                 1.634     1.542 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 48.33j 47.33j 45.33k 47.00
G 56.33f 54.67g 52.33h 54.44

E 

W2 = Penoxsulam (Pre 
em.) 56.33f 54.33g 52.33h 54.33

D 63.33b 62.67b 61.33cd 62.44
B 

W3 = Bispyribac-sodium 
(Post em.) 53.33gh 51.33hi 50.33i 51.67

E 62.33b 61.00d 60.33d 61.22
B 

W4 = Manual (3 
hoeings) 66.33a 64.33b 60.67cd 63.78

A 66.67a 64.67b 62.67c 64.67
A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

52.33h 51.00hi 49.00ij 50.78
EF 60.33de 59.67de 59.00e 59.67

C 

W6 = Sorghum mulch 51.00hi 50.00i 48.00j 49.67
F 59.33e 57.67f 56.33f 57.78

D 

W7 = W2 + 1 hoeing   
  61.67c 59.67d 59.00de 60.11

B 64.67b 62.67c 61.00d 62.78
B 

W8 =  W3 + 1 hoeing   58.00e 56.00f 54.33g 56.11
C 64.67b 62.67c 61.33cd 62.89

B 

Mean 55.92A 54.25B 52.38C   62.21A 60.71B 59.29C  
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Table 4.131: Effect of sowing time and weed control method on kernel protein contents 
(%) in direct-seeded rice     

 
LSD5%      2008    2009 
Sowing time                            0.186                                      0.163 
Weed control method    0.259               0.217 
Interaction                 0.204    0.231 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing Time Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 6.19hi 6.05i 5.82j 6.02F 7.33de 7.28de 7.10e 7.24D 

W2 = Penoxsulam (Pre 
em.) 7.61cd 7.53cd 7.42d 7.52B 7.74bcd 7.69c 7.62cd 

7.68B
C 

W3 = Bispyribac-sodium 
(Post em.) 

7.34de 7.21e 7.21e 7.25C 7.65cd 7.62cd 7.48de 7.58C 

W4 = Manual (3 
hoeings) 

8.17a 8.04ab 8.12ab 8.11A 8.23a 8.14ab 8.03ab 8.13A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

6.99f 6.85f 6.63g 6.82D 7.54cd 7.49cd 7.33de 
7.45C
D 

W6 = Sorghum mulch 
6.50g 6.38h 6.26h 6.38E 7.48de 7.43d 7.32de 

7.41C
D 

W7 = W2 + 1 hoeing   
  

7.92b 7.74bc 7.53cd 7.73B 7.96b 7.91bc 7.81bc 7.89B 

W8 =  W3 + 1 hoeing   7.85b 7.64c 7.49cd 7.66B 7.83bc 7.83bc 7.71cd 7.79B 

Mean 7.32A 7.18AB 7.06B   7.72A 7.67AB 7.55B  
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4.2.2.6.6. Chalky kernels (%) 

Year effect was significant for chalky kernels. There was non significant difference 

between crops sown at different times during both years (Table 4.132). Weed control 

treatments yielded significant results. The maximum chalky kernels (25.70 and 23.55%) were 

observed in weedy check plots which were statistically at par with plots where bispyribac-

sodium, foliar spray of water extracts and sorghum mulch (W6) were applied. While the 

minimum chalky kernels were noticed in plots which were manually hoed for three times 

during both years. 

Interaction of both factors was also significant. The maximum chalky kernels (25.97 

and 23.89%) were noted in plots which were sown in first week of July and where weeds 

competed with crop without any control until harvest of the crop (W1S3). There was non 

significant difference between all sowing times for chalky kernels in weedy check plots. 

These were also statistically at par with few of the treatments as given in table 4.132. The 

minimum chalky kernels (22.57 and 20.76%) were noted in manually hoed plots in first week 

of June sowing (W4S1) during 2008 and 2009, respectively. The sowing time effect was non 

significant in manual hoeing treatment for both years. When crop was sown in first week of 

June showed non significant differences in most of the weed control treatment during both 

years. Whereas when crop was sown in first week of July, also showed similar trend. 

4.2.2.6.7. Kernel amylose (%)  

There was statistically non significant difference for year effect. Furthermore, sowing 

time, weed control and interaction also could not yield significant results (Table 4.133).  

4.2.2.6.8. Kernel water absorption ratio 

Year effect was significant therefore the data of both years is given separately. 

Sowing time had significant effects on kernel water absorption ratio (Table 4.134). When 

crop was sown in first week of June (S1) during 2008 and 2009 yielded maximum kernel 

water absorption ratio (3.43 and 3.79. It was statistically at par with crop sown in third week 

of June (S2) during both years. 
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Table 4.132: Effect of sowing time and weed control method on chalky kernels (%) in 
direct-seeded rice 

 
 LSD 5%     2008     2009 
Sowing time                           ns                                                       ns 
Weed control method   1.113     1.128 
Interaction                1.891     1.869 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 
25.52ab 25.62ab 25.97a 

25.70
A 23.13ab 23.62ab 23.89a 23.55

A 

W2 = Penoxsulam (Pre 
em.) 23.78b 24.27ab 24.46ab 

24.17
B 22.71ab 22.87ab 23.02ab 22.87

AB 

W3 = Bispyribac-sodium 
(Post em.) 24.47ab 24.55ab 24.84ab 

24.62
AB 22.98ab 23.13ab 23.23ab 23.11

AB 

W4 = Manual (3 
hoeings) 22.57b 22.46b 22.93b 

22.65
C 20.76b 21.15b 21.24b 

21.05
B 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

24.81ab 25.19ab 25.18ab 
25.06
AB 23.01ab 23.29ab 23.50ab 

23.27
A 

W6 = Sorghum mulch 
25.29ab 25.55ab 25.74ab 

25.53
A 23.04ab 23.44ab 23.64ab 

23.37
A 

W7 = W2 + 1 hoeing   
  23.29b 23.42b 23.52b 

23.41
BC 21.32b 21.58b 21.72b 

21.54
B 

W8 =  W3 + 1 hoeing   
23.66b 23.91b 24.09ab 

23.89
B 21.98b 22.12ab 22.25ab 

22.12
B 

Mean 24.17ns 24.37 24.59  22.37ns 22.65 22.81  
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Table 4.133: Effect of sowing time and weed control method on kernel amylose (%) in 
direct-seeded rice      

 
LSD5%     2008 and 2009    
Sowing time                           ns                                                        
Weed control method   ns                                                     
Interaction                ns        

Y × S   =  ns 
Y × W  = ns 
Y × S × W  = ns

Weed control 2008 and 2009 
Sowing Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 22.12ns 22.45 22.53 22.37ns 

W2 = Penoxsulam (Pre em.) 21.69 21.83 21.93 21.82 

W3 = Bispyribac-sodium (Post em.) 21.83 21.97 22.06 21.95 

W4 = Manual (3 hoeings) 20.66 20.92 21.02 20.87 

W5 = Foliar spray of sorghum and sunflower water extracts 22.03 22.13 22.22 22.13 

W6 = Sorghum mulch 22.05 22.22 22.32 22.20 

W7 = W2 + 1 hoeing     21.32 21.50 21.54 21.45 

W8 =  W3 + 1 hoeing   21.44 21.61 22.04 21.70 

Mean 21.64ns 21.83 21.96  
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              Weed control treatments had significant effects on kernel water absorption ratio. 

Significantly maximum kernel water absorption was found in plots where weeds were 

controlled by three manual hoeings (W4) (3.61 and 4.43) during 2008 and 2009, respectively. 

While the minimum kernel water absorption ratio (3.12 and 3.05) was noted in weedy check 

plots (W1) where no weed control was employed during 2008 and 2009 , respectively. 

The maximum kernel water absorption ratio as a result of interactive effect of both 

factors (3.69 and 4.59) was recorded in plots where crop was sown in first week of June in 

2008 and 2009, respectively and weeds were controlled by manual hoeing (W4S1). It was at 

par with all sowing times during both years except sowing of crop in first week of July. The 

minimum kernel water absorption ratio (3.01 and 2.93) was obtained in plots where weeds 

were allowed to grow and compete with crop throughout the growing season and where crop 

was sown in first week of July (W1S3). It was statistically at par with other two sowing times. 

When crop was sown in first week of June showed non significant differences in plots where 

penoxsulam and bispyribac-sodium were used in integration with manual hoeing for 

controlling weeds during both years. Whereas when crop was sown in first week of July, also 

showed similar trend. 

Discussion 

Manual weed control treatment showed minimum spikelets sterility because manual 

hoeing was done three times during course of the experiment until harvest which 

continuously kept weeds under control in field and stopped their establishment consequently 

resulting in better growth and development of crop resultantly significantly minimum sterile 

spikelets were recorded in this treatment. 

Higher percentage of sterile spikelets was due to severe competition for 

photosynthates at reproductive phase among weeds and crop resulting in less number of 

fertile spikelets per panicle. Results are supported by the findings of Nandal and Singh 

(1995) who reported maximum number of fertile spikelets against control in hand weeded 

plots. Hand weeding gave significantly maximum percentage of normal kernels and highest 

rice yield of 3048 kg ha-1 when compared with unweeded control (14.40 kg ha-1) (Sreedevi 

and Thomas 1993).  
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Table 4.134: Effect of sowing time and weed control method on kernel water absorption 
ratio in direct-seeded rice 

 
LSD 5%     2008       2009 
Sowing time                           0.084 0.093 
Weed control method   0.107       0.119 
Interaction                 0.241       0.204 

Y × S   =  * 
Y × W  = * 
Y × S × W  = * 

Weed control 2008 2009 
Sowing  Time Sowing  Time 

S1 = 1st 
week of 

June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean S1 = 1st 
week 

of June 

S2 = 3rd
 

week of 
June  

S3 = 1st 
week of 

July 

Mean 

W1 = Weedy check 3.19bc 3.16c 3.01c 3.12D 3.12g 3.09g 2.93g 3.05G 

W2 = Penoxsulam (Pre 
em.) 3.45ab 3.39bc 3.24bc 3.36B

C 3.84d 3.66de 3.42ef 3.64D 

W3 = Bispyribac-sodium 
(Post em.) 

3.41b 3.36bc 3.25bc 3.34C 3.62e 3.54ef 3.33f 3.50E 

W4 = Manual (3 
hoeings) 

3.69a 3.63ab 3.51ab 3.61A 4.59a 4.48ab 4.22bc 4.43A 

W5 = Foliar spray of 
sorghum and sunflower 
water extracts 

3.33b 3.28b 3.16c 3.25C
D 3.42ef 3.40f 3.04g 

3.29F 

W6 = Sorghum mulch 3.28bc 3.24bc 3.09c 3.21D 3.40f 3.33f 3.06g 3.26F 

W7 = W2 + 1 hoeing   
  

3.55ab 3.48ab 3.38bc 3.47B 4.28b 4.35b 4.07c 4.23B 

W8 =  W3 + 1 hoeing   3.56ab 3.48ab 3.34bc 3.46B 4.04cd 4.24bc 3.85d 4.04C 

Mean 3.43A 3.38A 3.25B   3.79A 3.76A 3.49B  
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Less percentage of opaque kernels in hand weeding against control treatment might 

be owing to less weed-crop competition thereby more moisture, nutrients were available to 

crop beside at development stage translocation of more carbohydrates to panicle caused 

significant reduction in opaque kernels when compared with control. Significantly maximum 

chalky kernels in hand weeded plots could be attributed to more productive tillers and more 

spikelets per unit area causing severe competition at later stage of development. 

Higher percentage of normal kernels was due to less weed-crop competition thereby 

causing translocation system to be fully functional up to physiological maturity. Therefore 

the kernel dimensions attained were quite normal. Nandal and Singh (1995) also reported the 

same results. Significantly maximum protein contents in plots where hand weeding was done 

might be due to increase in normal kernels percentage and 1000 kernel weight with 

maximum starch compaction. Significantly high kernel amylose contents in W4 could be 

attributed to more appropriation between spikelets and more 1000 kernel weight which 

resulted in better development of normal kernels. Higher ratio in W4 could be owing to more 

amylose concentration in W4 as amylose concentration has positive correlation with volume 

expansion. 

4.2.2.7. Relationship between yield components, yield and weed density 

Table 4.135 and 4.136 shows relationship between yield components, yield and weed 

density. During both the years normal kernels, productive tillers, spikelets per panicle and 

1000 kernel weight were strongly positively related with kernel yield. Individual yield 

components also showed positive relationship in both the years. The relationship between 

yield components, yield and weed density was however, negative and non significant in both 

years while in both years weed density and dry weight showed significant and negative 

correlation with kernel yield and yield parameters like normal kernels, productive kernels, 

spikelelts per panicle and 1000 kernel weight. 
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Table 4.135: Experiment 4: Correlation among different characters for 2008 

 1000 
kernel 
weight 

Kernel 
yield 

Total 
weed 
density 

Normal 
kernels 

Productive 
tillers 

Spikelets 
per 
panicle 

Kernel 
yield 

0.907**      

Total 
weed 
density 

- 0.679** - 0.835**     

Normal 
kernels 

0.862** 0.930** - 0.815**    

Productive 
tillers 

0.913** 0.928** - 0.788** 0.948**   

Spikelets 
per 
panicle 

0.811** 0.899** - 0.774** 0.925** 0.866**  

Total 
weed dry 
weight 

- 0.735** - 0.874** 0.952** - 0.820** - 0.789** - 0.795** 

 

**  =   Highly significant 

 

*    =   Significant 

 

NS =   Non-signifiacnt 
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Table 4.136: Experiment 4: Correlation among different characters for 2009 

 1000 
kernel 
weight 

Kernel 
yield 

Total 
weed 
density 

Normal 
kernels 

Productive 
tillers 

Spikelets 
per 
panicle 

Kernel 
yield 

0.959**      

Total 
weed 
density 

- 0.813** - 0.878**     

Normal 
kernels 

0.877** 0.952** - 0.813**    

Productive 
tillers 

0.924** 0.926** - 0.796** 0.873**   

Spikelets 
per 
panicle 

0.829** 0.912** - 0.752** 0.925** 0.918**  

Total 
weed dry 
weight 

- 0.812** - 0.878** 1.000** - 0.812** - 0.795** - 0.752** 

 

**  =   Highly significant 

 

*    =   Significant 

 

NS =   Non-signifiacnt 
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Table 4.137: Experiment 4: Economic analysis 2008 

 W1 W2 W3 W4 W5 W6 W7 W8 
Kernel yield (Kg ha-1) 1573 2400 2323 2791 2209 2084 2522 2458 
Adjusted kernel yield (Kg ha-1)* 1416 2160 2091 2512 1988 1876 2270 2212 
Net kernel yield (Kg ha-1)** 1133 1728 1673 2010 1590 1501 1816 1770 
Kernel yield value (Rs.) 31724 48384 46844 56280 44520 42028 50848 49560 
Straw yield (Kg ha-1) 9451 11481 11399 11864 11459 11418 11462 11416 
Adjusted straw yield (Kg ha-1)* 8506 10333 10259 10678 10313 10276 10316 10274 
Straw yield value (Rs.) 5954 7233 7181 7475 7219 7193 7221 7192 
Gross income (Rs.) 37678 55617 54025 63755 51739 49221 58069 56752 
Weed control cost that varied  
 

(a) Labour charges for 
herbicide application 

(b) Rent of sprayer 

00.00 
 
00.00 
 
00.00 

1000 
 
110 
 
60 

1125 
 
110 
 
60 

6000 
 
00.00 
 
00.00 

200 
 
220 
 
120 

2250 
 
00.00 
 
00.00 

3000 
 
110 
 
60 

3125 
 
110 
 
60 

Total cost that varied (Rs.) 00.00 1170 1295 6000 540 2250 3170 3295 
Total fixed cost (PKR.) 36352 
Net benefit (Rs.) 1326 18095 16378 21403 14847 10619 18547 17105 
BCR 1.04 1.48 1.44 1.58 1.40 1.28 1.47 1.43 
 

W1 = Weedy check  W2 = Penoxsulam (Ryzelan-240SC) @ 15 g a.i ha-1 Pre-em. 

W3 = Bispyribac-sodium (Nominee-10SC) @ 30 g a.i ha-1. Post-em. 

W4 = Manual weed control (3 hoeings) W5 = Foliar spray of sorghum and sunflower 

water extracts each @ 15 L ha-1 (2 sprays) W6 = Sorghum mulch @ 6 t ha-1 

W7 = W2 + 1 hoeing (20 DAS)  W8 = W3 + 1 hoeing (30 DAS) 

Price of kernel yield = Rs. 28/ kg  Price of rice straw = Rs. 28 /40 kg  

*10 % adjustment in yield    ** Harvesting and threshing charges each @  

10 % of the kernel yield 
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Table 4.138: Experiment 4: Economic analysis 2009  

 W1 W2 W3 W4 W5 W6 W7 W8 
Kernel yield (Kg ha-1) 1704 2475 2395 2921 2279 2179 2656 2590 
Adjusted kernel yield (Kg ha-1)* 1534 2228 2156 2629 2051 1961 2390 2331 
Net kernel yield (Kg ha-1)** 1227 1782 1725 2103 1641 1569 1912 1865 
Kernel yield value (Rs.) 46626 67716 65550 79914 62358 59622 72656 70870 
Straw yield (Kg ha-1) 9886 12161 12131 12999 12509 12114 12240 12365 
Adjusted straw yield (Kg ha-1)* 8897 10945 10918 11699 11258 10903 11016 11129 
Straw yield value (Rs.) 7118 8756 8734 9359 9006 8722 8813 8903 
Gross income (Rs.) 53744 76472 74284 89273 71364 68344 81469 79773 
Weed control cost that varied  
 

(a) Labour charges for 
herbicide application 

(b) Rent of sprayer 

00.00 
 
00.00 
 
00.00 

1125 
 
130 
 
65 

1250 
 
130 
 
65 

6000 
 
00.00 
 
00.00 

232 
 
260 
 
130 

2250 
 
00.00 
 
00.00 

3125 
 
130 
 
65 

3250 
 
130 
 
65 

Total cost that varied (Rs.) 00.00 1320 1445 6000 622 2250 3320 3445 
Total fixed cost (PKR.) 48652 
Net benefit (Rs.) 5092 26500 24187 34621 22090 17442 29497 27676 
BCR 1.10 1.53 1.48 1.63 1.45 1.34 1.57 1.53 
 

W1 = Weedy check  W2 = Penoxsulam (Ryzelan-240SC) @ 15 g a.i ha-1 Pre-em. 

W3 = Bispyribac-sodium (Nominee-10SC) @ 30 g a.i ha-1. Post-em. 

W4 = Manual weed control (3 hoeings) W5 = Foliar spray of sorghum and sunflower 

water extracts each @ 15 L ha-1 (2 sprays) W6 = Sorghum mulch @ 6 t ha-1 

W7 = W2 + 1 hoeing (20 DAS)  W8 = W3 + 1 hoeing (30 DAS) 

Price of kernel yield = Rs. 38/ kg   Price of rice straw = Rs. 32/40 kg  

*10 % adjustment in yield    ** Harvesting and threshing charges each  

@ 10 % of the kernel yield 
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Table 4.139: Dominance analysis of (two year average total cost and net field benefits) 
weed control methods 

 

Treatment Total cost that varied (Rs. ha-1) Net benefits (Rs. ha-1) 

Weedy check 00.00 3209 

Foliar water extracts sprays 581 18469 

Ryzelan (Pre-emergence) 1245 22298 

Nominee (Post-emergence) 1370 20283 D 

Sorghum mulch 2250 14031 D 

Ryzelan + I hand weeding 3245 24022 

Nominee + I hand weeding 3370 22391 D 

Manual hoeings 6000 28012 

 

Table 4.140: Marginal rate of return of weed control methods 

Treatment Total 
cost that 
varied 
(Rs. ha-1) 

Marginal 
increase in 
cost (Rs.) 

Net field 
benefits 
(Rs. ha-1) 

Marginal 
increase in 
benefit 
(Rs.) 

MRR 
(%) 

Weedy check 00.00 00.00 3209 ---- ----- 

Foliar water extracts 
sprays 

581 581 18469 15260 2626.51 

Ryzelan (Pre-
emergence) 

1245 1245 22298 19089 1533.25 

Ryzelan + I hand 
weeding 

3245 3245 24022 20813 641.39 

Manual hoeings 6000 6000 28012 24803 413.38 
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Table 4.141: Sensitivity analysis with constant output and input prices increased by 10 
% (Marginal rate of return) 

Treatment Total 
cost 

Marginal 
cost 

Net field 
benefits (Rs. 
ha-1) 

Marginal 
field benefits 
(Rs. ha-1) 

MRR 
(%) 

Weedy check 00.00 00.00 3209 ----- ----- 

Foliar water extracts 
sprays 

639 639 18411 15202 2379.03 

Ryzelan (Pre-
emergence) 

1370 1370 22173 18964 1384.23 

Ryzelan + I hand 
weeding 

3570 3570 23697 20488 573.89 

Manual hoeings 6600 6600 27412 24203 366.71 

 

Table 4.142: Sensitivity analysis based on 2 year average data with constant output and 
input prices decreased by 10 % (Marginal rate of return) 

 

Treatment Total 
cost 

Marginal 
cost 

Net field 
benefits 
(Rs. ha-1) 

Marginal 
field benefits 
(Rs. ha-1) 

MRR 
(%) 

Weedy check 00.00 00.00 2888 ---- ---- 

Foliar water extracts 
sprays 

581 581 16622 13734 2363.86 

Ryzelan (Pre-
emergence) 

1245 1245 20068 17180 1379.92 

Ryzelan + I hand 
weeding 

3245 3245 21620 18732 577.26 

Manual hoeings 6000 6000 25211 22323 372.05 
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CHAPTER 5 

SUMMARY 

Two field experiments were conducted at Student’s Farm, Department of Agronomy, 

during 2008 and 2009 while two laboratory experiments were conducted in research 

laboratory Department of Agronomy, University of Agriculture Faisalabad. 

Lab experiments 

Laboratory experiments were conducted to examine the allelopathic effects of 

aqueous extracts of various parts of T. portulacastrum, D. aegyptium and E. indica on the 

germination and seedling growth of rice (Oryza sativa). The experiments were laid out in 

factorial arrangement under completely randomized design having three replications. The 

germination experiment was done in Petri dishes while seedling growth was checked in the 

sand culture in the laboratory. Three above mentioned weeds, at maturity, were harvested 

from the Agronomy Research Farm, University of Agriculture, Faisalabad (Pakistan). These 

weed plants were separated into root, shoot, leaf, seed and whole plants and cut into small 

pieces. These were then dried at room temperature for one month. The various plant parts 

were then soaked in distilled water (1:20 w/v) individually at room temperature for 24 hours 

to obtain water extracts. The extracts were filtered through a sieve to separate solid materials.  

Extracts of shoot, root, leaf, seed and whole plant of above stated weeds in direct-

seeded rice were evaluated for their allelopathic activity on germination and seedling growth 

of fine rice. The extracts of all the materials were used to echeck the seed germination 

response of rice using filter paper Whatman # 42 as a medium of germination in 9 cm Petri 

dishes. All the Petri dishes were placed in germinator at 30 °C. In each Petri dish, fifty seeds 

of rice were placed. Distilled water or extract as per treatment was applied to avoid drying 

out of filter paper during the course of experiment. Ten seeds of rice were placed in sand 

filled beakers for each treatment of each replication. Distilled water and extracts were added 

to each beaker as per treatment. The beakers were incubated at 30 °C. Extracts and distilled 

water were added subsequently when required. Root and shoot length of seedlings were 

measured at the end of the experiment. Root and shoot dry weight per seedling of rice was 

calculated by cutting seedlings into roots and shoots and oven drying till constant.  
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The experiments were laid out in completely randomized design with three 

replications. The experiments were done in Petri dishes in the laboratory. The extracts of all 

the materials were used to test the seed germination response of above mentioned weeds and 

rice using filter paper Whatman # 42 as a medium of germination in germinator. In each Petri 

dish, 50 seeds were placed. Water or extract was applied to avoid drying out of filter paper 

during the course of experiments. Three above stated weeds, sorghum and sunflower 

harvested at maturity were dried and stored under shade in first experiment. Shoots, roots, 

leaves, seeds and whole plants were cut into pieces and soaked in water (1:20 W/V) for 24 

hours at room temperature. Boiled extracts each for shoots, roots, leaves, seeds and whole 

weed plants were used to see allelopathic effects of weed extracts on the germination and 

early growth of fine rice. In second experiment, whole plant of sorghum and sunflower were 

chopped and soaked in water (1:20 W/V) for 24 hours. The water extracts of both crops alone 

and in combination with each other were checked for their allelopathic effects on 

germination and early growth of fine rice and three selected weed species. 

Results 

The germination percentage was reduced to maximum when water extract of leaf of 

T. portulacastrum was applied to rice seeds before sowing. Significantly lower root length of 

rice seedlings was observed where rice seeds were primed with water extracts of leaf and 

whole plant of T. portulacastrum. Significantly lowest shoot length of rice seedling was 

found where rice seeds were subjected to application of leaf extract of T. portulacastrum 

prior to sowing. Water extract of seed of T. portulacastrum applied pre sowing, increased 

shoot length of rice over control.  

Sorghum and sunflower water extracts when applied in combination caused 

maximum inhibitory effects on time taken to 50 % germination and mean germination time 

of E. indica seeds, germination index of T. portulacastrum seeds as compared to the sole 

application of these water extracts. Sorghum water extract caused maximum reduction in 

germination percentage of seeds of T. portulacastrum. Whereas, sunflower water extract 

caused maximum inhibitory effects on mean germination time of D. aegyptium seeds. Water 

extracts of sorghum, sunflower when applied alone and in combination increased the root, 

shoot length and the seedling biomass of rice over control. Combined application of sorghum 
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and sunflower water extracts caused maximum reduction in root length of T. portulacastrum. 

It can be concluded that combined application of sorghum and sunflower water extracts has 

overall more inhibitory effects on the germination of rice, T. portulacastrum, D. aegyptium 

and E. indica when compared to sole application of water extracts of sorghum and sunflower. 

Whereas, the combined application of sorghum and sunflower water extracts enhanced the 

early growth of rice over control.  

Field experiments 

The field experiments were laid out in randomized complete block design with split 

plot arrangement having three replications and a net plot size of 5 m × 2.6 m. Nitrogen @ 

140 kg ha-1, phosphorus @ 80 kg ha-1 and potassium @ 60 kg ha-1 were applied in the form of 

Urea, Diammonium phosphate and Sulphate of potash, , respectively. Whole of P and K and 

1/3 of N was incorporated into the soil at the time of seed bed preparation while remaining N 

was top dressed in 2 equal doses at the time of booting and anthesis. The rice variety “Super 

Basmati” was sown in 20 cm apart rows with a single row hand drill using a seed rate of 75 

kg ha-1. To protect the crop from seed borne diseases rice seeds were treated with fungicide 

Topsin-M (Thiophanate Methyl) @ 2 g kg-1 of seed. The seed was soaked in water for 24 

hours and kept under shade after that in a gunny bag for sprouting. First irrigation was given 

4-5 days after sowing in such a way that emerging seedlings are not submerged and this 

practice was continued for 2 weeks after which normal irrigation was done till the harvest of 

the crop. The crop was harvested at physiological maturity then allowed to be sun dried 

keeping in view the moisture percentage for a week after which crop was threshed manually. 

Results 

Weed-crop competition until 15 days after sowing gave statistically similar kernel 

yield to weed-free. It showed significantly maximum kernel yield. Crop sown in first week of 

June proved to be the most suitable time for direct seeding of rice under agro ecological 

conditions of Faisalabad. Manual hoeing resulted in significantly maximum kernel yield 

among all weed control methods. Weed-free treatment gave higher net benefits and benefit 

cost ratio (BCR). Manual hoeing treatment also gave better net benefits and BCR. Herbicides 
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spray followed by manual hoeing proved to be more effective than their sole application. 

Spray of bispyribac-sodium (Nominee) could not control D. aegyptium. 

Conclusions 

Looking at research findings following conclusions can be made. 

Weeds like T. portulacastrum, D. aegyptium and E. indica possessed allelopathic 

potential to a varying degree. Crop sown in first week of June proved to be the most suitable 

time for direct seeding of rice under agro ecological conditions of Faisalabad. Different weed 

control approaches should be used in an integrated manner for ecological weed management 

rather than relying on only one weed control option. Results of laboratory experiments 

suggests that aqueous extracts of weeds like T. portulacastrum, D. aegyptium and E. indica 

inhibited the rice seed germination and seedling growth. To avoid interference care must be 

taken that residues of these weeds should not be present in field. Weed-crop competition 

until 15 days after sowing gave statistically similar kernel yield to weed-free. It showed 

significantly maximum kernel yield. 

Manual hoeing resulted in significantly maximum kernel yield among all weed 

control methods. Weed-free treatment gave higher net benefits and BCR. Manual hoeing 

treatment also gave higher net benefits and BCR. Herbicides spray followed by manual 

hoeing proved to be more effective than their sole application. Spray of bispyribac-sodium 

(Nominee) could not control D. aegyptium. Combined application of sorghum and sunflower 

water extracts has overall more inhibitory effects on the germination of rice, T. 

portulacastrum, D. aegyptium and E. indica when compared to sole application of water 

extracts of sorghum and sunflower. Whereas, the combined application of sorghum and 

sunflower water extracts stimulated the seedling growth of rice over control. 

Recommendations 

Loss of kernel yield was comparatively less in early sowing therefore rice should be 

direct-seeded in first week of June. Fine rice (Super basmati) should preferably be sown 

through drill in first week of June and weeds should be controlled within 15 days after 

sowing and manual hoeing for controlling weeds should be used for maximum kernel yield 
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with better quality, higher net benefits and BCR under agro ecological condition of 

Faisalabad, Pakistan. In case of shortage of labor, foliar spray of penoxsulam herbicide 

should be done. 

Future research needs 

Efficacy of controlling weeds by applying pre-emergence herbicide followed by post-

emergence herbicide should be checked. 

Direct-seeded rice should be evaluated under different agro ecological field settings with 

different weed dynamics. 

Use of herbicides for direct-seeded rice may be investigated by split application of 

herbicide dose in combination with crop water extracts. 

Economic threshold level in terms of density of T. portulacastrum, D. aegyptium and E. 

indica etc in directly sown rice may be investigated. 

The recent varieties were originally bred for transplanted rice culture. Therefore new rice 

varieties suitable for direct seeding should be evolved.  
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