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Abstract  

The performance of rice cultivation is significantly influenced by agronomic practices, particularly the sowing time and the method of crop 

establishment. A field experiment was conducted to evaluate the effect of different sowing times and establishment methods on the weed 
dynamics, yield and economics of rainfed lowland rice (Oryza sativa L.) during Kharif 2017 and 2018. Sowing rice one week before the onset of 

monsoon proved to be the most effective in reducing the weed density and biomass as compared to sowing at the onset of monsoon, one week 

after the onset and two weeks after the onset of monsoon. However, sowing rice one week after the onset of monsoon recorded the maximum 

grain yield (5.29 t ha-1), net return (₹42100 ha-1) and return per rupee invested (1.93) and proved significantly superior to all other dates. Among 
establishment methods, the puddled transplanted rice (PTR) recorded the maximum grain yield (5.12 t ha-1), net return (₹37800 ha-1) and return 

per rupee invested (1.81), being at par with the non-puddled transplanted rice (NPTR) and significantly superior to direct seeded rice (DSR). The 

interaction effect revealed that the PTR fetched significantly higher grain yield (5.60 t ha-1) when sown one week after the onset of monsoon and 

it was found statistically on par with the NPTR sown one week after the onset of monsoon with a grain yield of 5.39 t ha-1.   

Keywords: direct-seeded rice; non-puddled transplanted rice; puddled transplanted rice; sowing time; weed dynamics 

Introduction 

India is the largest rice-growing country in the world in terms of 

acreage and the second in production, producing 29 % of the 

nation’s calorie requirements, making it the most staple food crop of 

the country (1). Worldwide, rice feeds ~50 % of the human 

population and provides 19 % of its global calorie intake (2). With the 

rising demand for food due to an increasing population and the 

challenges posed by climate change, improving rice productivity and 

profitability while ensuring sustainable agricultural practices is more 

crucial than ever. Among the various agronomic factors influencing 

rice production, sowing date and establishment method play 

significant roles in determining crop performance, weed pressure 

and economic returns. 

 The sowing date for rice cultivation plays a vital role in 

improving its growth and increasing the yield. The sowing time of the 

rice crop is important for three major reasons. Firstly, it ensures that 

vegetative growth occurs during a period of congenial thermal 

regime and high levels of solar radiation. Secondly, the optimum 

sowing time for each cultivar ensures avoiding cold stress. Thirdly, 

sowing on time guarantees that grain filling occurs when milder 

autumn temperatures are more likely, hence good grain quality is 

achieved (3). Similarly, planting techniques not only affect 

profitability due to the effect on cost of production but also affect the 

yield and yield components of crops. Similarly, planting techniques 

affect profitability by influencing production costs and crop yield 

components. Therefore, by using a suitable method of planting, it is 

possible to increase production, productivity and profitability of the 

rice crop. Transplanting puddled soil is the most dominant and 

traditional method of rice establishment in irrigated lowland. 

Puddling, the typical pre-planting management practice, is done to 

reduce water infiltration and to maintain the standing water in the 

field, which also helps in weed management and facilitates easier 

transplanting. However, puddling not only consumes much energy 

and time from the tillage point of view, but also deteriorates soil 

structure and consumes a large quantity of the total water 

requirement in rice (4). In the context of looming water scarcity, 

labour scarcity and deteriorated soil structure due to puddling, there 

is an urgent need to replace the conventional transplanting method 

of rice with non-puddled transplanting (NPTR) or direct seeding 

(DSR). 
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 Weeds are one of the major biotic stresses in rice fields and 

compete with the crop for nutrients, light, water and space (5). The 

type and intensity of weed flora are strongly influenced by the 

sowing date and establishment method. The DSR fields, especially 

when sown late, tend to have higher and more diverse weed 

populations, due to pre-germinated or soaked weed seeds and the 

absence of water stagnation that usually suppresses weed growth in 

PTR (puddled transplanted rice). The critical period of weed 

competition varies with the establishment method. For instance, 

DSR requires more intensive and timely  weed management than 

transplanted rice. Since weed management accounts for a 

significant proportion of rice production costs, optimising sowing 

date and establishment method is critical not only for enhancing 

yield but also for improving economic returns. Thus, with the 

challenges of climate variability, resource scarcity and labour 

shortage, the determination of the appropriate sowing times and 

methods of crop establishment is important to maintain rice 

productivity and profitability. These factors have been emphasized 

in previous studies, but information is scanty under certain agro-

climatic zones under a changing climate, the eastern coastal plains 

of India being one of them, where sowing dates are often 

determined by the variability in the onset of monsoon. Accordingly, 

the current study was carried out to determine the interaction effects 

of sowing time and establishment methods on weed dynamics, 

yield and economics of rice.  

 

Materials and Methods  

Experimental site   

The field experiment was conducted during the Kharif 2017 and 2018 

at the Instructional Farm of the College of Agriculture, Odisha 

University of Agriculture and Technology, Bhubaneswar, under the 

East and South Eastern Coastal Plains Agro-climatic Zone of Odisha, 

India. It is situated at 20°15’ N Latitude and 85º 52’ E Longitude at an 

elevation of 25.9 m above mean sea level (MSL). The soil at the site 

was sandy loam with pH 5.92, organic carbon 0.56 % and available 

nitrogen 195.7 kg ha-1, available phosphorus 16.2 kg ha-1 and 

available potassium 278.5 kg ha-1. 

Experimental design  

The experiment was laid out in a split-plot design with three 

replications. Four dates of sowing in the main plots and three rice 

establishment methods in the subplots were evaluated in both 

years. The date of sowing involved D1- one week before onset of 

monsoon, D2- on the onset of monsoon, D3- one week after onset of 

monsoon and D4- two weeks after onset of monsoon and the rice 

establishment methods involved E1- PTR, E2- NPTR and E3- DSR in 

line. 

Crop management and observations  

The rice variety used in this study was ‘Hiranmayee’ with a growth 

duration of 132-138 days. The sowing in the nursery under PTR and 

NPTR coincided with the sowing in DSR in the main field under each 

date of sowing. Rice seedlings of 25-30 days old were transplanted in 

the prepared plots under puddled and non-puddled conditions. A 

uniform dose of 60 kg N, 30 kg P2O5 and 30 kg K2O was applied per 

one hectare area in the form of urea, diammonium phosphate (DAP) 

and muriate of potash (MOP) to each treatment. The total 

phosphorus was applied as basal in the form of DAP (46 % P2O5). 

Potassium was applied in the form of muriate of potash (60 % K2O/

ha) in two equal splits, as basal and at panicle initiation stage. The 

nitrogen fertilizer was applied in three splits at basal (25 %) as DAP 

(18 % N), active tillering stage (50 %) and at panicle initiation stage 

(25 %) as prilled urea (46 % N). In each treatment, Pretilachlor at 1.5 

kg active ingredient/ha was applied as a pre-emergence application 

in order to control weed growth. The rest of the management 

practices were in accordance with the recommended package of 

practices. 

 The species-wise weed population was recorded from each 

plot by the least-count quadrat method at 60 days after sowing 

(DAS). Weed population was expressed as individuals per m2. Dry 

weight of weeds (excluding roots) was recorded after sun drying, 

followed by oven drying at 70 °C for 24 hr and was expressed as g m-2. 

The economic analysis of each treatment was done on the basis of 

prevailing market prices of the inputs used and outputs obtained 

under each treatment. 

Importance value index (IVI) of weed species  

Species-wise weed counts were taken from 20 quadrates at 30 DAS 

from fallow land adjacent to the experimental site. The 

phytosociological indices were computed by using the following 

formulae mentioned previously (6, 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total number of individuals of a 

species in all the quadrates 
Density = 

Total number of quadrates studied (Eqn.1) 

(Eqn.3) 

Frequency (%)  = 

Number of quadrates in which a species 
occurred 

Total number of quadrates studied 
x 100 

(Eqn.4) 

Relative density 
(RDe) = 

Density of an individual species 

Total density of all the species 
X 100 

Importance value index (IVI) = RDe + RDo + RF 

(Eqn.7) 

(Eqn.5) 

Relative dominance (RDo) = 

Dominance of an individual species 

Total dominance of all the species 
x 100 

(Eqn.6) 

Relative frequency (RF) =  

Frequency % of an individual species 

Total frequency %of all the species 
x 100 

(Eqn.2) 

Total number of individuals of a species in all the 

quadrates 

Total number of quadrates in which the species occurred 

Dominance /Abundance = 
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Statistical analysis  

Data was analysed using analysis of variance (ANOVA) to 

evaluate the differences among treatments as suggested 

previously (8). The data pertaining to weeds were transformed to 

a square root scale and analysed. Whenever a significant 

difference existed, a critical difference was constructed at a five 

per cent probability level.  

 

Results and Discussion 

Importance value index (IVI) of weed species at the experimental 

site  

The importance value index (IVI) quantitatively assesses ecological 

dominance and prevalence of weed species in the studied area. 

Importance value index is a composite measure that includes 

relative frequency, density and abundance, offering insight into 

relative ecological significance of species in the ecosystem. Rice crop 

in the experimental site was infested with 16 species of weeds 

belonging to 7 families (Poaceae, Cyperaceae, Commelinaceae, 

Onagraceae, Asteraceae, Marsileaceae, Convolvulaceae). The IVI 

data are presented in Fig. 1. The IVI reflected relative value of each 

species out of 300. 

 The IVI analysis revealed that Echinochloa crusgalli had the 

highest IVI value at 32.7, indicating its dominance in the weed flora of 

the area. This was followed by Ludwigia parviflora (29.1), Cyperus 

difformis (27.7) and Commelina benghalensis (26.2), suggesting these 

species are highly competitive and potentially more adaptive to the 

local agroecological conditions. Digitaria sanguinalis and Marsilea 

quadrifoliata also showed considerable presence with IVI values of 

25.0 and 20.9, respectively. On the other hand, species such as 

Ipomoea aquatica and Cyperus compressus had the lowest IVI values 

(10.0 each), indicating a relatively minor ecological impact or lower 

frequency in the surveyed plots. The distribution of IVI values among 

weed species suggests a moderately heterogeneous weed 

community. The dominance of a few species like E. crusgalli points 

to the potential need for targeted weed management practices, 

especially in rice-based or wetland cropping systems where such 

species may flourish. 

Weed density and weed biomass  

Sowing rice one week before the onset of monsoon was observed to 

be the most efficient in controlling weeds and recorded the 

minimum values of grass, sedge and broadleaved weed density at 

60 DAS (Table 1). Pooled over years, the treatment recorded the 

minimum grass, sedge and broadleaved weed density of 32.1, 12.0 

and 17.9 m-2 reflecting decline of grassy weed density by 24, 35 and      

43 %, sedge density by 34, 52 and 64 % and broadleaved weed 

density by 33, 47 and 62 % compared to sowing at onset of 

monsoon, one week after onset and two weeks after onset 

respectively. This may be attributed to the fact that early sowing 

increases the rate of rice seedling growth under better soil moisture 

conditions so that the rice seedlings can compete better with the 

later germinated weeds for light, nutrients and space. These 

observations agreed with those reported earlier (9), who found that 

quicker canopy closure of rice with early seeding decreased 

emergence and biomass of weeds due to better crop-weed 

competition. On the other hand, delayed sowing coincides with the 

peak weed germination period, resulting in increased weed density. 

It is evident from earlier findings that altering sowing dates 

significantly influences weed dynamics (10). 

 Among crop establishment methods, the PTR recorded the 

minimum grass, sedge and broadleaved weed density. It was 

significantly superior to NPTR and DSR (Table 1). Pooled over 

seasons, the PTR recorded the minimum grass, sedge and broad-

leaved weed density of 32.1, 10.0 and 14.6 m-2, respectively, 

registering a decline in grassy weed density by 27 and 46 %, sedge 

density by 54 and 71 % and broad-leaved weed density by 51 and 71 

% compared to NPTR and DSR, respectively. The DSR plots exerted 

the highest weed pressure, corroborating earlier work (11, 12), 

whereby the absence of standing water during the critical early 

growth stage stimulated germination of a diverse weed flora. In 

addition, aerobic conditions, a congenial environment for weed 

species such as E. crusgalli and C. difformis, were created in the 

absence of puddling and incorporation of weeds under DSR. 

 Weed biomass was highly influenced by differential dates of 

sowing and different establishment methods in rice (Table 1). 

Pooled over the seasons, sowing rice one week before onset of 

 

Fig. 1. Importance value index (IVI) of weed species in the experimental site. The value of IVI for each species indicates relative value out of 300.  
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monsoon proved to be the most effective in reducing the biomass 

and recorded the minimum grass, sedge and broadleaved weed 

biomass of 8.25, 7.54 and 8.77 g m-2 respectively registering decline of 

grassy weed biomass by 39, 46 and 57 %, sedge biomass by 35, 46 

and 50 % and broad leaved weed biomass by 31, 44 and 51 % 

compared to sowing at the onset of monsoon, sowing one week 

after onset of monsoon and sowing two weeks after onset of 

monsoon, respectively. These results indicated that delayed sowing 

increased weed density and biomass, which could be due to poor 

seedling vigour of the crop that favoured germination and growth of 

a wide array of weed species. These findings were in agreement with 

earlier studies (13, 14), which concluded that late-sown rice is more 

susceptible to weed infestation due to longer windows for weed 

emergence and growing less competitively with the weeds 

themselves. 

 Among crop establishment methods, the PTR proved to be 

the most efficient in reducing the biomass of weeds at 60 DAS and 

proved superior to other crop establishment methods (Table 1). 

Pooled over the seasons, the PTR recorded the grass, sedge and 

broadleaved weed biomass of 9.10, 7.91 and 8.84 g m-2, respectively, 

registering a decline in grassy weed biomass by 32 and 55 %, sedge 

biomass by 32 and 53 % and broadleaved weed biomass by 33 and 

54 % compared to NPTR and DSR, respectively. Lower weed 

population under transplanted rice might be due to continuous 

submergence of the crops, that have effectively suppressed the 

weed population and weed seed germination. The effectiveness of 

PTR in suppressing weeds has also been reported by previous 

research findings (15), who reported that transplanting under 

puddled conditions renders better weed control in Kharif rice 

compared to non-puddled and direct-seeded methods. A similar 

trend was observed in earlier studies  (5, 16). 

Effective tillers per m2  

The number of effective tillers per unit area is a critical determinant 
of rice yield and is strongly influenced by the time of sowing. In the 

present study, sowing one week after the onset of monsoon 

consistently recorded the maximum number of effective tillers m-2, 

which remained statistically at par with sowing at the onset of 

monsoon but significantly superior to delayed sowing by two weeks 

across both years (Fig. 2). When pooled over seasons, sowing one 

week after the monsoon onset produced 379 effective tillers m-2, 

thereby outperforming other sowing dates with 7, 13 and 23 % 

higher values compared to sowing at the onset of monsoon, two 

weeks after onset and one week prior to onset, respectively. These 

findings agree with earlier reports where optimum sowing aligned 

Weed density (No. m-2) Weed biomass (g m-2) Total weed 
biomass (g m-2) 

Particulars 
Grasses Sedges BLW Grasses Sedges BLW 

Sowing dates in rice 

D1 5.6 (32.1) 3.4 (12.0) 2.86 (8.77) 2.85 (8.25) 2.73 (7.54) 2.86 (8.77) 4.81 (24.56) 

D2 6.4 (42.4) 4.1 (18.3) 3.58 (12.86) 3.68 (13.72) 3.45 (11.76) 3.58 (12.86) 6.16 (38.35) 

D3 7.0 (49.7) 4.9 (25.1) 3.96 (15.75) 3.95 (15.55) 3.74 (14.01) 3.96 (15.75) 6.68 (45.33) 

D4 7.5 (56.9) 5.7 (33.9) 4.22 (17.94) 4.39 (19.40) 3.90 (15.29) 4.22 (17.94) 7.20 (52.64) 

SEm± 0.161 0.157 0.117 0.113 0.089 0.117 0.123 

CD (p=0.05) 0.50 0.48 0.36 0.35 0.26 0.36 0.35 

Establishment methods in rice 

PTR 5.6 (32.1) 3.1 (10.0) 2.93 (8.84) 3.00 (9.10) 2.81 (7.91) 2.93 (8.84) 4.99 (25.85) 

NPTR 6.6 (44.4) 4.6 (21.8) 3.62 (13.20) 3.69 (13.45) 3.44 (11.70) 3.62 (13.20) 6.16 (38.36) 

DSR 7.7 (59.4) 5.9 (35.2) 4.41 (19.45) 4.47 (20.14) 4.12 (16.84) 4.41 (19.45) 7.48 (56.45) 

SEm± 0.148 0.116 0.103 0.105 0.084 0.103 0.116 

CD (p=0.05) 0.43 0.33 0.30 0.30 0.26 0.30 0.35 

Table 1.  Effect of date of sowing and establishment methods on weed density (No. m-2) and total weed biomass (g m-2) of Kharif rice at 60 DAS  

 

Fig. 2. Effect of date of sowing and establishment methods on the number of effective tillers m-2 of Kharif rice.  

Population data are transformed to and the figure in parentheses indicates the original values. D1= One week before onset of monsoon; D2= On 
the onset of monsoon; D3= One week after onset of monsoon; D4= Two weeks after onset of monsoon; PTR= Puddled transplanted rice; NPTR= 

Non-puddled transplanted rice; DSR= Direct seeded rice in line; SEm± = Standard error of mean; CD= Critical difference.  
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with favourable rainfall ensured better crop establishment and 

higher tillering potential (17, 18). Conversely, delayed sowing beyond 

the optimum window has been reported to reduce tiller formation 

due to suboptimal soil moisture and shortened vegetative phase   

(14, 19). 

 Similarly, the method of crop establishment exerted a 

significant influence on tiller density. Across both years, PTR 

produced the maximum number of effective tillers m-2, which 

remained at par with NPTR but significantly higher than DSR. When 

data were pooled across seasons, PTR recorded 372 effective tillers 

m-² and proved superior to the other two establishment methods, 

registering 4 and 23 % higher effective tiller m-2 over NTPR and DSR, 

respectively. These results corroborate the earlier findings, which 

reported that transplanting methods, particularly under puddled 

conditions, favour better crop establishment, uniform plant stand 

and enhanced tiller development compared to DSR, where early 

weed competition and uneven crop emergence often restrict tiller 

production (20). 

Filled grains per panicle  

Both the date of sowing and the crop establishment methods 

significantly influenced the number of filled grains panicle-1 (Fig. 3). 

Among the sowing dates, sowing one week after the onset of 

monsoon produced the maximum number of filled grains panicle-1, 

which was statistically at par with sowing at the onset of monsoon. 

Pooled over seasons, sowing one week after the onset of monsoon 

recorded 125 filled grains panicle-1 and proved significantly superior 

to all other dates, registering increases of 12, 23 and 34 % over 

sowing at onset, two weeks after onset and one week before onset 

of monsoon, respectively. The higher number of filled grains in this 

treatment could be attributed to the favourable synchronization 

between reproductive stages and optimum climatic conditions 

during flowering and grain filling, which are crucial for spikelet 

fertility and assimilate partitioning (18, 21). 

 Among establishment methods, PTR recorded the highest 

number of filled grains panicle-1 during both years, followed closely 

by NPTR. When data were pooled, PTR registered 116 filled grains 

panicle-1, being statistically at par with NPTR (111 filled grains 

panicle-1). Both PTR and NPTR produced 20 and 15 % higher filled 

grains panicle-1, respectively, over DSR. The superior performance 

of transplanted systems might be due to better crop stand 

establishment, uniform tiller development and reduced weed 

competition, which collectively enhance panicle development and 

grain filling efficiency (22, 23). 

Grain yield  

Among dates, sowing rice one week after the onset of monsoon 
recorded the maximum grain yield in both years and proved 

significantly superior to all other dates (Table 2). Pooled over 

seasons, sowing one week after the onset of monsoon gave a grain 

yield of 5.29 t ha -1, registering 7, 14 and 19 % higher grain yield over 

sowing at the onset of monsoon, two weeks after and one week 

before the onset of monsoon, respectively. Significantly higher 

performances under this sowing window may be attributed to the 

coincidence of crop phenology with better climate conditions, 

especially at the crucial reproductive and grain filling phases that led 

to greater expression of yield-attributing traits, including panicle 

number, spikelet fertility and test weight. These results are 

consistent with earlier research findings (24). However, reduced yield 

under early and late sown crops in the present study was due to 

exposure to unfavourable environmental conditions. The early 

sowing is frequently associated with suboptimal soil moisture and 

erratic distribution of monsoon, affecting tillering and vegetative 

growth. On the other hand, delayed sowing leads to poor seedling 

vigour and plant stand (due to high soil moisture and poor 

germination, reduced bright sunshine hours and disease and insect 

pest incidence), reduces growing period and exposes crops to stress 

conditions such as high temperature or moisture stress during grain 

filling. It is also reported that early or late planting of crops reduced 

the yield attributing characters and yield significantly (25). 

 Among the establishment methods, the PTR recorded the 

maximum grain yield. In 2017, PTR was at par with NPTR and 

significantly superior to DSR, while in 2018, it was significantly 

superior to both (Table 2). Pooled over seasons, the PTR gave the 

maximum grain yield of 5.12 t ha-1 and the NPTR, with a grain yield of 

4.97 t ha-1, remained at par. The PTR and the NPTR recorded 17 and 

13 % higher grain yield compared to the DSR, respectively. This 

might be due to the fact that there was optimum space for each hill 

to express production potential, reduced crop-weed competition 

and adequate availability of nutrients, water and sunlight for proper 

expression of tillering behaviour and crop growth. These results are 

in line with earlier findings (26, 27). Higher grain yield under 

transplanting methods was also reported in previous studies (28-30).  

 

Fig. 3. Effect of date of sowing and establishment methods on the number of filled grains panicle-1 of Kharif rice.  
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Interaction effect of date of sowing and establishment methods 

on grain yield  

The interaction effects of date of sowing and establishment methods 

on rice grain yield were significant and the pooled data are 

presented in Fig. 4. The PTR fetched significantly higher grain yield 

(5.60 t ha-1) when sown one week after onset of monsoon and it was 

found statistically on a par with the NPTR sown one week after onset 

of monsoon with grain yield of 5.39 t ha-1. This indicates that planting 

right after the onset of the monsoon creates the best environmental 

conditions for crops to get established and grow well. Meanwhile, 

whether the rice seedlings are transplanted into puddled or non-

puddled soil, both systems help the crop compete better against 

weeds and improve the availability of nutrients and water. However, 

the DSR recorded lower grain yield than the PTR and NPTR and it 

was the minimum (4.06 t ha-1) when sown one week before the onset 

of monsoon. This suggests that sowing too early, when the soil 

moisture is sub-optimal, combined with the greater weed pressure 

typical under DSR, led to poor crop establishment and ultimately 

low yield. These results align with previous findings (31). 

Straw yield          

In the present experiment, neither sowing date nor establishment 
method significantly affected straw yield, though numerical 

differences were noted (Table 2). Among the dates, sowing one week 

after the onset of monsoon gave the highest mean straw yield of 5.87 

t ha-1, while among establishment methods, puddled transplanted 

rice (PTR) gave the mean maximum straw yield of 5.77 t ha-1. The 

relatively consistent straw yield across treatments indicates that 

vegetative biomass production in rice is less responsive to 

manipulation of sowing window and establishment methods when 

compared with grain yield. This ability may owe itself to the crop's 

ability to sustain tiller production and vegetative growth through a 

wide range of conditions, unlike grain yield components, which are 

particularly sensitive to changes in migration of assimilates from 

source (leaf and stem) to sink, effective tillers and filled grains per 

panicle. Similar trends have been reported in earlier studies (32). 

Harvest index (HI)            

Sowing dates failed to cause any significant variation in HI during 

both years in 2017 and 2018, although some numerical differences 

were observed between the years (Table 2). When pooled over years, 

the maximum HI of 46.15 % was attained when sowing was done 

one week after the onset of monsoon and was found statistically like 

sowing done at the onset of monsoon, while earlier and later 

sowings were recorded with a significantly lower HI. This indicates 

that, if the optimum sowing time is adapted, better synchronization 

between vegetative and reproductive growth is achieved, thereby 

allowing for a greater partition of assimilates towards grain than 

towards biomass. These results aligned with earlier findings, which 

reported that rice sown at appropriate times experiences favourable 

Grain yield (t ha-1) Straw yield (t ha-1) Harvest index (%) Net return (₹ ’000 ha-1) 
Return per rupee  

invested Particulars  
2017 2018 Pooled 2017 2018 Pooled 2017 2018 Pooled 2017 2018 Pooled 2017 2018 Pooled 

Sowing dates in rice 

D1 4.51 4.39 4.45 5.40 5.64 5.52 45.56 44.04 43.75 26.3 30.4 28.4 1.60 1.65 1.63 
D2 5.05 4.84 4.94 5.79 5.74 5.77 46.59 45.73 45.16 34.6 38.3 36.5 1.79 1.82 1.81 

D3 5.40 5.18 5.29 5.88 5.87 5.87 47.92 46.83 46.15 40.1 44.2 42.1 1.92 1.95 1.93 
D4 4.72 4.55 4.63 5.51 5.63 5.57 46.10 44.74 44.42 29.6 33.2 31.4 1.68 1.71 1.70 
SEm± 0.097 0.078 0.062 0.147 0.187 0.118 0.540 0.902 0.513 1.513 1.351 1.010 0.036 0.029 0.023 
CD ( p=0.05) 0.34 0.27 0.22 NS NS NS NS NS 1.58 5.21 4.74 3.13 0.12 0.10 0.07 

Establishment methods in rice 

PTR 5.20 5.04 5.12 5.73 5.82 5.77 47.57 46.61 45.93 35.5 40.0 37.8 1.79 1.83 1.81 

NPTR 5.07 4.87 4.97 5.75 5.70 5.72 46.87 46.11 45.49 34.2 38.5 36.4 1.77 1.82 1.80 
DSR 4.49 4.30 4.39 5.46 5.64 5.55 45.19 43.28 43.19 28.2 31.0 29.6 1.68 1.70 1.69 
SEm± 0.090 0.056 0.052 0.108 0.186 0.104 0.420 0.895 0.494 0.711 0.734 0.512 0.017 0.016 0.011 

CD (p=0.05) 0.26 0.16 0.15 NS NS NS 1.23 2.61 1.42 2.14 2.09 1.53 0.05 0.05 0.03 

Table 2. Effect of date of sowing and establishment methods on yield and harvest index of Kharif rice  

D1= One week before onset of monsoon; D2= On the onset of monsoon; D3= One week after onset of monsoon;   D4= Two weeks after onset of 
monsoon; PTR= Puddled transplanted rice; NPTR=Non-puddled transplanted rice; DSR= Direct seeded rice in line; BLW= Broad leaved weed; 

SEm± = Standard error of mean; CD= Critical difference.  

 

Fig. 4.  Interaction effect of date of sowing and establishment methods on grain yield (t ha-1) of Kharif rice.  
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environmental conditions during grain filling, allowing a greater 

share of assimilates to be allocated to grains, thereby increasing HI 

(3). 

 Among the methods of establishment, PTR recorded the 

maximum HI of 54.93 %, which was closely followed by NPTR- (45.49 

%), while DSR had a significantly lower HI value of 43.19 % (Table 2). 

The superiority of PTR and NPTR may be attributed to adequate 

crop establishment, lesser weed competition and a more favourable 

source-sink relationship, which collectively facilitate higher 

assimilate partitioning toward grain. The lower HI in DSR could be 

due to greater weed competition and less-than-optimal moisture 

conditions during the critical growth stages that promote the 

quantification of grain against total biomass. Similar observations 

were reported previously (5, 30), stating that transplanted rice had 

higher HI than DSR due to better weed control and resource 

utilisation. 

 Through these findings, it remains to be established that 
while sowing time has a slight influence on HI, establishment 

method, on the other hand, appears to have a very large influence, 

with systems of PTR and NPTR favouring higher levels of HI through 

enhancement of grain yield relative to straw production. This has 

important implications for productivity and resource-use efficiency, 

as higher HI indicates greater economic returns from the same 

biomass investment. 

Net return          

Date of sowing was found to have a significant influence on the net 

returns of rice cultivation in this study (Table 2). Rice sown one week 

after the monsoon was found to be the most economically beneficial 

over both years analysed, with an average net return of ₹42,100 ha-1. 

This corresponds to an increase of 15, 34 and 48 % over sowing at 

the onset of monsoon, two weeks after and one week before the 

onset of monsoon. The higher profitability with this sowing window 

is because of the very high grain yield observed, which ultimately 

translated into more monetary returns, given that input costs 

remained similar. The findings of this study corroborate earlier 

results (10), which stated that timely sowing in direct-seeded rice 

enhanced productivity and profitability by synchronizing crop 

phenology with favourable climatic conditions. In turn, it is 

emphasized that optimising sowing date would improve yield and 

economic returns at the farm level under differing agro-climatic 

conditions (33). 

 Puddled transplanted rice (PTR) recorded the maximum net 

returns among the establishment methods, which were statistically 

at par with NPTR, both being significantly superior to the DSR (Table 

2). The pooled net return for PTR and NPTR was ₹37,800 ha-1 and 

₹36,400 ha-1, respectively, against just ₹2600 ha-1 under DSR. This 

marked 28 and 23 % higher returns in PTR and NPTR, respectively, 

over DSR. PTR and NPTR were favoured due to their higher grain 

yields and stable performance even under variable monsoon 

conditions, while DSR faced greater weed pressure and yield 

penalties that hindered profitability. Similar findings were observed 

previously (15), reporting higher profitability of PTR and NPTR over 

DSR in Kharif rice systems due to enhanced weed suppression and 

yield stability. Higher net returns were also reported under PTR as 

compared to DSR in coastal saline ecosystems of eastern India (34). 

Return per rupee invested  

Among dates, sowing one week after the onset of monsoon 

recorded the maximum return per rupee invested and was 

significantly superior to all other dates (Table 2). Pooled over 

season, sowing one week after the onset of monsoon recorded the 

maximum return per rupee invested of ₹1.93 and proved 

significantly superior to all other dates. This advantage can be 

attributed to the higher grain yield achieved under this sowing 

window, which increased gross returns while input costs remained 

nearly constant across treatments. These findings are in 

agreement with earlier findings (10), which reported that sowing 

time plays a decisive role in profitability in direct-seeded rice, with 

optimal sowing windows ensuring higher returns due to better 

resource use efficiency and reduced yield losses. 

 Among the three establishment methods, the PTR recorded 

the maximum return per rupee invested and NPTR remained 

statistically at par with it, while DSR recorded significantly less value 

(Table 2). Pooled over seasons, the PTR recorded a return per rupee 

invested of   ₹ 1.81 and the NPTR with ₹ 1.80 remained at par, while 

DSR gave the minimum value and proved significantly inferior to 

both the PTR and NPTR. This pattern highlights that although DSR 

has lower operational costs, the yield penalties caused by higher 

weed pressure and variable crop establishment reduce its 

profitability compared to PTR and NPTR. It aligns with earlier 

findings (35, 36), who reported that, despite lower input costs, profit 

from DSR was less than that from PTR as yield performance was 

inconsistent.  

 

Conclusion  

The findings of the present research revealed that both sowing time 

and establishment method significantly affected the weed 

dynamics, productivity and profitability of Kharif rice. Among all the 

treatment combinations, PTR sown one week after monsoon onset 

recorded the highest grain yields and accrued the best economic 

return; yet NPTR under the same sowing window was equally 

productive and remunerative. The latter, with reduced soil 

disturbance and water usage, was found to be an eco-friendly 

alternative to puddled transplanted rice. In contrast, DSR was prone 

to weed pressure and yield penalties under adverse conditions. 

Overall, sowing rice one week after monsoon onset was considered 

the most suitable window and NPTR offers an opportunity for 

enhanced productivity, profitability and long-term sustainability of 

rice-based systems. Future research should focus on evaluating the 

long-term sustainability, soil health and climate resilience of NPTR 

across diverse agro-ecological zones. Additionally, studies on 

integrated weed management, resource-use efficiency and varietal 

adaptation could further enhance the productivity and 

environmental benefits of this system.  

 

Acknowledgements  

The authors express their sincere gratitude to the Vice Chancellor, 

Odisha University of Agriculture and Technology, Bhubaneswar, for 

providing the necessary facilities to conduct this research. The 

encouragement, constructive suggestions and constant support 

received from faculty members of the Department of Agronomy, 

OUAT are gratefully acknowledged. Special thanks are extended to 

the staffs of the Instructional Farm OUAT, for their assistance in field 

experimentation and data collection.  

 

 



SUSMITA ET AL  8     

https://plantsciencetoday.online 

Authors' contributions 

SP planned and executed the experiment, collected data, performed 

statistical analysis and drafted the manuscript. BB and BKM guided 

the experimental design, supervised field experimentation. AB, RKN, 

RB, AM, IK, ST and MR contributed to data analysis and critically 

reviewed the manuscript. All authors read and approved the final 

manuscript.  

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of interest 

to declare.  

Ethical issues: None  

 

References 

1. Government of India. Agricultural statistics at a glance [Internet]. 

Directorate of economics and statistics, ministry of agriculture, 
cooperation and farmers welfare, Government of India, New Delhi, 

India; 2023.  

2. Sharif MK, Butt MS, Anjum FM, Khan SH. Rice bran: a novel 
functional ingredient. Crit Rev Food Sci Nutr. 2014;54(6):807–16. 

https://doi.org/10.1080/10408398.2011.608586 

3. Farrell TC. Avoiding low temperature damage in Australia’s rice 
industry with photoperiod sensitive cultivars. In: Proceedings of the 

Australian Agronomy Conference. Australian Society of Agronomy; 
2003. 

4. Fang H, Rong H, Hallett PD, Mooney SJ, Zhang W, Zhou H, Peng X. 

Impact of soil puddling intensity on the root system architecture of 
rice (Oryza sativa L.) seedlings. Soil Tillage Res. 2019;193:1–7. 

https://doi.org/10.1016/j.still.2019.05.022 

5. Parameswari YS, Srinivas A. Influence of weed management 
practices on nutrient uptake and productivity of rice under different 

methods of crop establishment. J Rice Res. 2014;7(1–2):77–86. 

6. Phillips EA. Methods of vegetation study. New York: Henry Holt and 
Co.; 1959. 

7. Das TK. Weed science: basics and applications. New Delhi: Jain 
Brothers Publishers; 2008. p. 901. 

8. Panse VG, Sukhatme PV. Statistical methods for agricultural 
workers. 2nd ed. New Delhi: Indian Council of Agricultural Research; 
1967. 

9. Mahajan G, Timsina J. Effect of nitrogen rates and weed control 
methods on weeds abundance and yield of direct-seeded rice. Arch 
Agron Soil Sci. 2011;57(3):239–50. https://

doi.org/10.1080/03650340903369384 

10. Mir MS, Singh P, Bhat TA, Kanth RH, Nazir A, Al-Ashkar I, et al. 
Influence of sowing time and weed management practices on the 

performance and weed dynamics of direct drum seeded rice. ACS 
Omega. 2023;8(29):25861–76. https://doi.org/10.1021/
acsomega.3c01361 

11. Singh VP, Govindra Singh GS, Singh RK, Singh SP, Abnish Kumar AK, 
Dhyani VC, et al. Effect of herbicides alone and in combination on 

direct seeded rice. Indian J Weed Sci. 2005;37(3–4):197–201. 

12. Rao AN, Johnson DE, Sivaprasad B, Ladha JK, Mortimer AM. Weed 
management in direct-seeded rice. Adv Agron. 2007;93:153–255. 

https://doi.org/10.1016/S0065-2113(06)93004-1  

13. Singh NK. Effect of integrated weed management and crop 
establishment methods on direct seeded rice [doctoral thesis]. 

Varanasi (India): Banaras Hindu University, Institute of Agricultural 
Sciences; 2003. 

14. Wani SA, Qayoom S, Bhat MA, Lone BA, Nazir A. Influence of sowing 
dates and nitrogen levels on growth, yield and quality of scented 

rice cv. Pusa Sugandh-3 in Kashmir valley. J Appl Nat Sci. 2016;8

(3):1704–9. https://doi.org/10.31018/jans.v8i3.1026 

15. Pattanayak S, Jena S, Das P, Roul PK, Maitra S, Shankar T, et al. Crop 
establishment methods and weed management practices influence 
the productivity and profitability of Kharif rice (Oryza sativa L.) in 

hot-humid summer climatic conditions. Paddy Water Environ. 

2023;21(4):447–66. https://doi.org/10.1007/s10333-023-00940-y 

16. Subramanyam D, Reddy CR, Reddy DS. Influence of puddling 
intensity and water-management practices on weed dynamics and 

yield of transplanted rice (Oryza sativa). Indian J Agron. 2007;52
(3):225–30. https://doi.org/10.59797/ija.v52i3.4929 

17. Akbar N, Iqbal A, Khan HZ, Muhammad KH, Muhammad UB. Effect 
of different sowing dates on the yield and yield components of 

direct seeded fine rice (Oryza sativa L.). J Plant Breed Crop Sci. 

2010;2(10):312–5. 

18. Mukesh Singh I, Pannu RK, Prasad D, Asha Ram. Effect of different 
transplanting dates on yield and quality of basmati rice (Oryza 

sativa) varieties. Indian J Agron. 2013;58(2):256–8. https://
doi.org/10.59797/ija.v58i2.4183 

19. Chopra NK, Chopra N, Yadav RN, Nagar KC. Effect of transplanting 
dates on seed yield and quality of paddy cv. Pusa-44. Seed Res. 

2006;34(2):218–20. 

20. Peng-fei L, Zhi-hua Z, Yan-xia Z, Shao-hua X, Ming-zhu J, Wen-jing H, 
et al. Effects of sowing date, basic seedling, nitrogen rate and field 

water on early rice “Liangyou 9168”. Adv J Food Sci Technol. 2013;5

(4):414–7. 

21. Rai HK, Kushwaha HS. Effect of planting dates and soil water 
regimes on growth and yield of upland rice. Oryza. 2008;45(2):129–
32. 

22. Mahajan G, Chauhan BS, Timsina J, Singh PP, Singh K. Crop 
performance and water- and nitrogen-use efficiencies in dry-seeded 
rice in response to irrigation and fertilizer amounts in north-west 

India. Field Crops Res. 2013;144:59–71. https://doi.org/10.1016/

j.fcr.2012.04.011 

23. Choudhary R, Prem G, Kumar A, Singh U, Jat HS, Yadav AK. 
Comparative study on productivity and profitability of rice (Oryza 
sativa L.) under different crop establishment methods. Prog Agric. 

2016;16(2):183–9. 

24. Nagabhushanam U, Bhatt PS. Effect of sowing dates and different 
crop establishment methods on yield and economics of rice (Oryza 

sativa L.). J Pharmacogn Phytochem. 2020;9(2):1075–9. https://

doi.org/10.22271/phyto.2020.v9.i3q.11433 

25. Wang Y, Wang L, Chen H, Xiang J, Zhang Y, Shi Q, et al. Sowing dates 
have different effects on spikelet formation among different 
photoperiod-sensitive rice genotypes. Agron J. 2019;111(5):2263–

75. https://doi.org/10.2134/agronj2018.09.0586 

26. Ramachandra C, Shivakumar N, Ningaraju GK. Effect of herbicides 
and their combination on weed dynamics in rice-based cropping 

system. Indian J Weed Sci. 2014;46(2):123–5. 

27. Ghosh RC, Bhuiya MS, Uddin MR, Sarker UK, Das KR. Effect of plant 
establishment method and weeding on the yield and yield 

components of Boro rice. Prog Agric. 2016;27(1):27–31. https://
doi.org/10.3329/pa.v27i1.27531 

28. Mallareddy M, Padmaja B. Response of rice (Oryza sativa) varieties 
to nitrogen under aerobic and flooded conditions. Indian J Agron. 
2013;58(4):500–5. https://doi.org/10.59797/ija.v58i4.4225 

29. Jaiswal VP, Singh GR. Effect of planting methods, source and level 
of nitrogen on the growth and yield of rice (Oryza sativa) and on 
succeeding wheat (Triticum aestivum). Indian J Agron. 2001;46(1):5–

11. https://doi.org/10.59797/ija.v46i1.3210 

30. Kumar KA, Swain DK, Bhadoria PB. Split application of organic 
nutrient improved productivity, nutritional quality and economics 

of rice-chickpea cropping system in lateritic soil. Field Crops Res. 
2018;223:125–36. https://doi.org/10.1016/j.fcr.2018.04.007 

https://plantsciencetoday.online
https://doi.org/10.1080/10408398.2011.608586
https://doi.org/10.1016/j.still.2019.05.022
https://doi.org/10.1080/03650340903369384
https://doi.org/10.1080/03650340903369384
https://doi.org/10.1021/acsomega.3c01361
https://doi.org/10.1021/acsomega.3c01361
https://doi.org/10.1016/S0065-2113(06)93004-1
https://doi.org/10.31018/jans.v8i3.1026
https://doi.org/10.1007/s10333-023-00940-y
https://doi.org/10.59797/ija.v52i3.4929
https://doi.org/10.59797/ija.v58i2.4183
https://doi.org/10.59797/ija.v58i2.4183
https://doi.org/10.1016/j.fcr.2012.04.011
https://doi.org/10.1016/j.fcr.2012.04.011
https://doi.org/10.22271/phyto.2020.v9.i3q.11433
https://doi.org/10.22271/phyto.2020.v9.i3q.11433
https://doi.org/10.2134/agronj2018.09.0586
https://doi.org/10.3329/pa.v27i1.27531
https://doi.org/10.3329/pa.v27i1.27531
https://doi.org/10.59797/ija.v58i4.4225
https://doi.org/10.59797/ija.v46i1.3210
https://doi.org/10.1016/j.fcr.2018.04.007


9 

Plant Science Today, ISSN 2348-1900 (online) 

31. Sahoo A, Mondal T, Soni R, Mahapatra A, Biswas T, Sireesha M, Joy 

JM. Impact of sowing dates on the growth and yield of rice (Oryza 
sativa L.) varieties under wet seeded condition in North-Eastern 

Ghats zone of Odisha. Ann Agri-bio Res. 2024;29(2):87–96. https://
doi.org/10.53941/agrbio.2024.1000010 

32. Kumar S, Kumar R, Mishra JS, Dwivedi SK, Prakash V, Bhakta N, et 

al. Evaluation of rice (Oryza sativa) cultivars under different crop 
establishment methods to enhance productivity, profitability and 

energetics of rice in middle Indo-Gangetic Plains of India. Indian J 
Agron. 2017;62(3):307–14. https://doi.org/10.59797/ija.v62i3.4299 

33. Liu K, Song C, Ye P, Liu H, Xia Z, Waseem H, et al. Optimizing rice 

sowing dates for high yield and climate adaptation in Central China. 
Agronomy. 2023;13(5):1339. https://doi.org/10.3390/

agronomy13051339 

34. Sarangi SK, Maji B, Mandal UK, Mandal S, Sharma PC. Effect of 
establishment methods in rainy season (Kharif) and tillage practices 

in winter season (Rabi) on yield and economics of rice (Oryza sativa)
-maize (Zea mays) cropping system under coastal saline ecosystem. 

Indian J Agron. 2017;62(4):407–16. https://doi.org/10.59797/
ija.v62i4.5543 

35. Kumhar BL, Chavan VG, Rajemahadik VA, Kanade VM, Dhopavkar 

RV, Ameta HK, Tilekar RN. Effect of different rice establishment 
methods on growth, yield and different varieties during Kharif 

season. Int J Plant Anim Environ Sci. 2016;6(2):127–31. 

36. Sidhu AS, Kooner R, Verma A. On-farm assessment of direct-seeded 

rice production system under central Punjab conditions. J Crop 
Weed. 2014;10(1):56–60.   

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://doi.org/10.53941/agrbio.2024.1000010
https://doi.org/10.53941/agrbio.2024.1000010
https://doi.org/10.59797/ija.v62i3.4299
https://doi.org/10.3390/agronomy13051339
https://doi.org/10.3390/agronomy13051339
https://doi.org/10.59797/ija.v62i4.5543
https://doi.org/10.59797/ija.v62i4.5543
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

