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ABSTRACT 

Field experiments were conducted with an objective to prepare nitrogen response curves 

in rice for three establishment practices on the alkaline and silt loam soils of NWRP, 

Bhairahawa during 2012 and 2013. The experiment was laid down in split plot design; 

three establishment practices were designed (puddled transplanted, non-puddled 

transplanted and conventional tillage + DSR) as a main plot and four levels of nitrogen (0, 

60, 120 and 180 N kgha-1) as a sub-plot and were replicated three times. Significant effect 

of nitrogen levels and establishment practices on grain yield and other yield parameters 

was observed in both of the years. The combined analysis results revealed that 

significantly higher grain yield was obtained under conventional tillage plus DSR (5181 

kgha-1) than non puddled transplanted rice (4172 kgha-1) which were at par with puddle 

transplanted condition (4962 kgha-1). The highest grain yield of 5227 kgha-1 was obtained 

from the application of nitrogen @ 180 kgha-1 which was at par with the application of 

nitrogen @120 kgha-1 (5120 kgha-1). Based on two years results, it can be concluded that 

N was a limiting factor for the productivity of rice in Bhairahawa areas. Yield increased 

with increasing level of nitrogen but there was not significant response beyond 120 kgha-1 

nitrogen application. Therefore 120 kgha-1 nitrogen could be optimum dose for direct 

seeded rice (DSR) and puddled transplanting at Bhairahawa condition. 
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INTRODUCTION 

Rice is the major consumer of fertilizer 

nitrogen and gives high response to 

applied N. N is the most limiting nutrient 

for rice growth and yield in almost all 

environments (Yoshida 1981, Roy and 

Mishra 1999). Nitrogen fertilizer is 

universally accepted as a key 

component to high crop yield and 

optimum economic return.  One major 

consequence of inadequate N is 

reduced leaf area, thereby, limiting light 

interception, photosynthesis and finally 

biomass growth, grain yield and water 

productivity (Sinclair 1990). It is one of the 

costliest and perhaps the most crucial 

nutrients limiting crop yields and is a 

burning problem of most of the rice 

growing areas of Nepal. Plant growth is 

adversely affected due to deficiency of 

nitrogen as it restricts the formation of 

enzymes, chlorophyll and proteins 

necessary for growth and development. 

Generally, rice growers face the problem 

of skilled labour shortage at the time of 

transplanting which results into low plant 

population and eventually low rice yield 

(Aslam et al., 2008). Rice transplantation is 

usually performed by hired expensive 

labor, which is not specialized to maintain 

the required plant population to achieve 

higher productivity (Mann et al., 2007). To 

overcome this problem, direct seeding of 

rice seems only viable alternatives in 

rescuing farmers (Aslamet al., 2008). This 

technique reduces labour needs by more 

than 25% in term of working hours. The 

input requirements and the investment in 

direct seeded rice are much lower than 

in transplanted rice (Sunil et al., 2002). 

Direct seeded rice, if managed properly, 

can yield as high as transplanted rice 

(Hayat et al., 2003; Ali et al., 2007). 

Dattaet al (1988) evaluated DSR and TP 

rice under similar N management 

practices and found that N plant 

recovery was greater for DSR than TP rice. 

Without applied N, grain yield of 

transplanted rice was lower than that of  

 

DSR. In flood-irrigated rice with the soil 

being mostly under anaerobic conditions, 

N is available as ammonium nitrogen 

(NH4 N) (Vlek and Byrnes, 1986), whereas 

in DSR N is available mostly in the form of 

nitrate nitrogen (NO3 N) (George et al., 

1992).In recent years, there has been a 

shift from transplanting to dry seeded rice 

(DSR) in Southeast Asia (Pandey and 

Velasco, 2002) to reduce irrigation water 

input (Sudhir-Yadav et al., 2011a,b), 

reduce labour and input costs (Jat et al., 

2009; Saharawat et al., 2010), improve 

water- and nutrient-use efficiency and 

avoid the deleterious effects of puddling 

and intensive soil tillage on soil structure 

and fertility (Timsina and Connor, 2001), 

The preparation of land for transplanting 

paddy (puddling) consumes about 20-40 

% of the total water required for growing 

of crop and subsequently poses 

difficulties in seed bed preparation for 

succeeding wheat crop in rotation. It also 

promotes the formation of hard pan 

which effects rooting depth of next crop 

(Bhuiyanet al 1995).Adoption of 

alternative rice culture, which requires less 

input and possible increase in yield, is 

highly desirable (Pingali, 1991).Nitrogen 

use efficiency for rice grown under 

different tillage and establishment 

practices is insufficiently understood, 

hence so are the fertilizer management 

practices that can optimize crop 

performance. Therefore, the present work 

has been undertaken for determining 

suitable planting method and optimal 

quantity of nitrogen fertilizer for increasing 

yield.This trial develops fertilizer response 

curves for rice established with different 

tillage and establishment practices.  

The major objectives of the experiment 

were as follows: 

 To assess the effect of rice to 

different nitrogen levels and 

different establishment practices to 

lowland rice 
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 To prepare the nitrogen response 

curve in the lowlands areas under 

different establishment practices of 

rice  

MATERIALS AND METHODS 

Site, Treatments and Crop Management 

The experimental site is situated at 

Bhairahawa in the western Terai region of 

Nepal at the latitude of 27°32’ and the 

longitude of 83°28’ with an elevation of 

120 masl. Temperature ranges from a 

minimum of about 7°C in winter to the 

maximum of about 45 0C in summer 

season. In general, the site receives 

ample rainfall during the rainy season, 

which starts from June and continues up 

to September. The mean annual rainfall is 

about 1800 mm. Initial soil samples were 

collected before the start of the 

experiment to determine the fertility status 

of the experimental site (Table 1). The 

experimental site was a lowland and the 

pH of the soil was alkaline (8.0) with low 

organic matter content of 1.35%. It also 

had low amount of nitrogen (0.08%), 

medium phosphorus (53.21 kg/ha) and 

medium potassium (119.42 kg/ha) supply 

capacity. Texturally the soil was silt loam 

with the bulk density of 1.54 gm/cm3 (0-20 

cm soil depth). 

 

Table 1. Chemical and physical soil properties at the experimental site 

Soil Depth pH OM 

(%) 

N (%) P
2
O

5  

(kg/ha) 

K
2
O 

(kg/ha) 

Texture 

clay sand silt 

0-10 7.91 2.1 0.1 45.59 185.65 3.6 52.7 43.7 

10-20 8.1 1.38 0.08 25.14 89.73 4.1 51.9 44 

20-30 8.0 0.59 0.06 88.9 82.88 3.5 52.5 44.0 

Average 8.0 1.35 0.08 53.21 119.42 3.7 52.4 43.9 

Category Alkaline Low Low Medium  Medium Silt loam  

 

The experiment was laid out in split plot 

design: three establishment practices 

(Puddled transplanted, Non-puddled 

transplanted and Conventional tillage + 

DSR) as a whole plot and four levels of 

nitrogen (0, 60, 120 and 180 kg/ha) as a 

sub-plot which were replicated three 

times.  The experiment was 

conducted during 2012 and 2013 in 

western terai of Nepal. The plot size was 4 

X 3 m2. Urea, DAP, SSP and MOP were the 

source of fertilizers used for supplying 

nitrogen, phosphorus and potash 

respectively.Half dose of N and full dose 

of P and K were applied applied at 

sowing. Remaining 50% was applied in 2 

equal splits 25 and 50 DAS or DAT.  

 

Measurement of Crop Parameters  

Data were recorded on days to heading, 

days to maturity, panicle m−2, floret per 

panicle, floret fertility percentage, 1000 

grain weight, biological yield, grain yield 

and harvest index. Number of panicle in 

one meter square area at two places 

were counted in each subplot and 

converted into number of panicle m−2. A 

random sample of 1000 grains from each 

treatment was collected and weighed 

with digital balance for 1000 grain weight. 

For biological yield, 7.2 m2 area from 

each sub- plot was harvested, sun dried, 

and weighed into kgha−1. For grain yield, 

the biomass of 7.2 m2 area from each 

subplot was sun dried, threshed, cleaned 

and grains were weighed into kgha−1. 

 

Statistical Analysis  

Recorded data were compiled and 

tabulated in Ms-Excel. Data for each 

parameter over two year period was 

subjected to analysis of variance using a 
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split plot design according to MSTATC 

(Steel and Torrie, 1980) and GENSTAT. 

Treatment means were compared using 

least significant difference (LSD) test at P 

≤ 0.05. 

 

RESULTS AND DISCUSSION 

The effect of different establishment 

methods was significant on heading 

dates, maturity dates, productive 

tillers/m2, thousand grain weight, 

biological yield, grain yield and harvest 

index but was non-significant on 

florets/panicle and floret fertility 

percentage. The result showed that 

conventional tillage + DSR headed and 

matured earlier than other two factors 

but puddled transplanted gave higher 

number of tillers (269) with respect to 

other establishment methods (Table 2). 

Similarly, the effect of nitrogen levels was 

significant on heading dates, maturity 

dates, productive tillers/m2, biological 

yield and grain yield but it was non-

significant on thousand grain weight, 

florets/panicle, floret fertility percentage 

and harvest index.The analysis showed 

that highest number of tillers (283) was 

obtained from the higher level of nitrogen 

rate (180 kg N ha-1) than other 

treatments.  

 

 

Table-2. Yield and yield attributes of rice as affected by different establishment methods 

and nitrogen levels NWRP, Bhairahawa during 2012 and 2013 

 

Treatments Days to heading(DH) Days to maturity (DM) Panicle density (no./m2) 

Years 2012 2013 combined 2012 2013 combined 2012 2013 combined 

Establishment methods 

DSR 109 115 112 137 135 136 233 288 261 

NPTR 119 121 120 141 146 144 254 244 249 

PTR 117 119 118 142 145 144 264 274 269 

LSD 

(p=0.05) 

2.9*** Ns 4.8* Ns Ns 2.3*** 15.51* Ns 9.3* 

Nitrogen level (kg/ha) 

0 117 123 120 138 143 141 226 248 237 

60 116 118 117 138 142 140 258 262 260 

120 114 116 115 142 141 141 253 262 257 

180 113 116 115 142 143 142 265 302 283 

LSD 

(p=0.05) 

1.6*** 4.9* 3.0** 1.7* Ns 1.2** 24* Ns 23.8** 

CV (%) 1.4 4.2 2.7 1.2 1.4 1.6 13.4 19.2 16.3 

***, ** and * denotes significant at 0.1 , 1 and 5 % level of significance respectively and Ns 

stands for non significant 

 

Similarly, the results showed conventional 

tillage + DSR gave higher thousand grain 

weight in both the years whereas floret 

per panicle and floret fertility percentage 

was found non-significant to different 

establishment methods. At the same 

time, there was non-significant effect of 

different levels of nitrogen on floret per 

panicle, floret fertility percentage and 

thousand grain weights. Reddy and 

Reddy (1989) observed that the number 

of panicles, filled grains/panicle and test 

weight increased with 40-120 kg N/ha as 

compared to control. Similarly, increasing 
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levels of N increased growth and yield attributes significantly. 

Table-3. Yield attributes of rice as affected by different establishment methods and 

nitrogen levels NWRP, Bhairahawa 

 

Treatme

nts 

Florets/panicle) %  floretfertility 1000 grain wt (g) 

Years 2012 2013 combine

d 

2012 2013 combin

ed 

2012 2013 combin

ed 

Establishment methods 

DSR 131 135 133 92.7 88.7 90.7 22.1 20.8 22.0 

NPTR 123 147 135 86.6 88.7 87.7 21.7 20.2 20.9 

PTR 108 134 121 88.1 88.7 88.4 21.8 21.7 21.3 

LSD 

(p=0.05) 

12 Ns Ns 0.03* Ns Ns 0.19** 0.27*** 0.18*** 

Nitrogen levels (kg/ha) 

0 124 131 128 88.4 88.3 88.8 21.7 20.9 21.3 

60 133 145 139 89.1 90.1 89.6 21..7 20.7 21.2 

120 108 137 123 88.0 87.5 87.8 21.8 21.0 21.4 

180 118 140 129 90.1 88.9 89.5 22.1 20.9 21.6 

LSD 

(p=0.05) 

15 Ns Ns Ns Ns Ns Ns Ns Ns 

CV (%) 10.1 20.3 15.2 3.6 4.1 4.3 3.3 1.4 2.3 

***, ** and * denotes significant at 0.1, 1 and 5 % level of significance respectively and Ns 

stands for non significant 

The analysis showed that significantly 

higher grain yield of 5181 kg ha-1 was 

obtained from conventional tillage plus 

DSR which was at par with puddle 

transplanted (4962 kg ha-1). Similar effect 

was found in biomass yield and harvest 

index in both years. The data revealed 

that nitrogen level @ 120 kg ha-1 gave 

significantly higher grain yield (5.1 ton ha-

1) and biological yield (12.6 ton ha-1) with 

respect to other levels of nitrogen which 

was at par with nitrogen level @ 180 kg 

ha-1 (5.2 ton ha-1 and 12.9 ton ha-1 

respectively). 120 kg/ha nitrogen could 

be optimum dose for DSR and puddle 

transplanting at Bhairahawa condition 

(Fig 1). 
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Figure 1: Nitrogen Response Curves in the Rainfed Lowlands areas under Different 

Establishment Practices of Rice 

 

However, the finding of another study 

revealed that the N rates significantly 

increased the grain yield up to 140 kg 

N/ha as compared with lower doses of N 

of 80 and 100 kg/ha but was at par with 

160 kg N/ha (Hirzel et al., 2011). Similar 

results were also obtained by Xiang-long 

et al. (2007) and Huang et al. 

(2008).Ehsnullah et al. (2001) reported 

that 125 kg N/ha produced significantly  

 

 

higher number of grains/panicle, 1000-

grain weight and grain yield than that of 

100 kg N/ha.It has been reported that a 

significant increase in grain and straw 

yield of rice when the rate of N 

application was increased from 0-120 kg 

N/ha (Singh and Sharma 2000). Further 

increase in N application from 120 to 180 

kg N/ha had no significant effect on the 

grain and straw yield of rice. Similar 

reports were observed by Sharma et al. 

(2007) and Murthy et al. (1992) 

 

Table-4. Yield and yield attributes of rice as affected by different establishment methods 

and nitrogen levels NWRP, Bhairahawa 

Treatmen

ts 

Grain yield at 14% 

(kg/ha) 

Total above ground 

biomass (kg/ha) 

Harvest Index (%) 

Years 2012 2013 combin

ed 

2012 2013 combin

ed 

2012 2013 combi

ned 

Establishment methods 

DSR 4953 5409 5181 10812 16829 13820 46 32.5 39.1 

NPTR 4047 4297 4172 9851 10104 9978 41 42.6 41.8 

PTR 4800 5124 4962 10792 12245 11518 45 42.1 43.2 

LSD 

(p=0.05) 

480* 824* 515* 814* 3167* 1752* 1.5* 4.58** 2.5* 

Nitrogen level (kg/ha) 

0 3769 4362 4066 9098 11265 10181 41.3 40.1 40.7 

60 4607 4740 4673 20505 12346 11426 43.7 39.4 41.5 

120 4903 5338 5120 20950 14151 12551 44.7 38.8 41.7 

180 5120 5335 5227 22387 14475 12931 45.0 38.0 41.5 

LSD 

(p=0.05) 

301*** 462**

* 

300*** 624 1119*** 1129*** 1.6 Ns Ns 

CV (%) 7.6 9.4 9.2 13.3 8.7 11.5 3.7 10.5 7.7 

***, ** and * denotes significant at 0.1, 1 and 5 % level of significance respectively and Ns 

stands for non significant 

 

Datta et al. (1988) evaluated DSR and TP 

rice under similar N management 

practices and found that N plant 

recovery was greater for DSR than TP rice. 

Increasing N supply to a crop drives the 

production of a greater canopy biomass 

with the potential for higher 

photosynthesis and productivity. 

Availability of N has impacts throughout 

crop development, affecting seedling 

establishment, tillering, canopy 

development as well as grain filling, all of 

which have the potential to influence 
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final yieldand together determine the N 

requirements of the crop. 

 

CONCLUSION 

Data were collected analyzed, and result 

revealed that crop matured early under 

direct seeded rice (DSR) than 

transplanted condition. Panicle density 

was also higher in DSR and puddle 

transplanted rice over non puddle 

transplanted rice. Conventional tillage 

plus DSR and puddled transplanted rice 

were at par for grain yield and total 

biomass but significantly different with 

non-puddled transplanted rice. Based on 

two years results, it can be concluded 

that N was a limiting factor for the 

productivity of rice in Bhairahawa areas. 

Yield increased with increasing level of 

nitrogen but there was not significant 

response beyond 120 kg/ha nitrogen 

application. Therefore 120 kg/ha nitrogen 

could be optimum dose for DSR and 

puddle transplanting at Bhairahawa 

condition. 
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