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Assessing the growth, yield, nutrient use efficiency and profitability of 

drought tolerant rice varieties in dry season under varied N application 

rates  

 

Abstract 

Field experiments were carried out at ICAR- Indian Institute of Rice Research, Hyderabad 

(ICAR-IIRR), Hyderabad during the dry season of 2015/16 and 2016/17 to study the influence of 

Nitrogen rates and Varieties on yield attributes, yield, nitrogen use efficiency and economics of 

puddled direct sown rice with an aim to assess the performance under direct sown conditions to 

identify suitable varieties for direct sown conditions during the dry season. Treatments comprised of 

four rates of nitrogen- control (no nitrogen), N100 (100 kg N ha
-1

), N120 (120 kg N ha
-1

) and N140 (140 

kg N ha
-1

) as main plots and four drought tolerant rice varieties (V1-DRR Dhan 42; V2-DRR Dhan 44; 

V3-DRR Dhan 46 and V4-IR 64). The experiment was laid out in split-plot design with 16 treatment 

combinations and each treatment was replicated thrice. The results of experiments revealed that, 

increasing N application rate from N0 to N140 increased yield of all the varieties, but apparent 

differences between N120 and N140 was not observed.  When compared with DRR Dhan 42 or IR 64, 

DRR Dhan 44 and 46 accumulated greater shoot biomass, tillers m
-2

 and higher leaf area. Yield was 

significantly higher with DRR Dhan 44 closely followed by DRR Dhan 46 than other varieties, 

reflecting a higher biomass production and harvest index. Grain yield had positive quadratic 

relationship with N uptake by grain (r
2
= 0.97 and r

2
=0.94).  The relationship between total N uptake 

and grain yield was linear for 2015/16 (r
2
=0.98) but quadratic positive relationship was observed in 

2016/17  r
2
=0.93) and also showed a high degree of correlation. Grain yields from N140 plots was 

significantly increased by 39.65% and 41.5% compared to N0 during 2015/16 and 2016/17. Results  

show  that  both  DRR Dhan 44 and  DRR Dhan 46  produced  higher  grain  yield,  had higher N 

uptake from the soil  in grain and straw and  exhibited  higher  NUE  compared to DRR Dhan 42 and 

IR 64 at all the   N  rates  (0,  100, 120 or  140  kg  ha
−1

). Agronomic efficiency (ANUE) and recovery 

efficiency (RE) was higher with DRR Dhan 44 and DRR Dhan 46 and both can be called as nitrogen 

economising varieties. However, with increasing the N rates, use efficiency of applied nitrogen 

declined. Also, DRR Dhan 44 was found to be remunerative during both the years and recorded 

higher net returns and Benefit:Cost ratio. DRR Dhan 44 can be recommended as a suitable variety for 

Telangana zone, adapted to drought prone situations during the dry season.  
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Introduction 

Rice (Oryza sativa L.) is the major food crop of the world and feeds about fifty per 

cent of the global population (Fageria, 2007) and it is also the staple food of Asia. Globally, 

India has the largest  rice area and second in production after China. The common method of 

rice cultivation is transplanting and this system requires large amount of energy, labour 

(Bhushan, et al., 2007) and also consumes about 80% of total irrigated water used in Asia 

(Bouman and Tuong, 2001) and 34–43% of the world’s irrigation water (Bouman et al., 

2007) and 14.6% of the world’s fertilizer (Heffer, 2009).   Therefore, there is a need to 

explore rice production technologies that will eliminate puddling, save labour for 

transplanting as well as maintain rice yield potential and is sustainable (Thind et al. 2017). A 

shift from transplanted to direct seeded rice has started occurring in South Asia (Kumar and 

Ladha, 2011) and the adoption of  direct-seeded method for lowland rice culture would 

significantly decrease costs of rice production (Flinn and Mandac, 1986). Among the 

different resources, nitrogen play an important role in enhancing rice yield. Nitrogen losses 

and the resulting pollution is becoming a serious global concern and has necessitated for the 

development of nutrient responsive varieties.  

The productivity of direct seeded rice is very low due to inadequate and imbalanced 

use of nitrogen fertilizers by the farmers. Nitrogen (N) is an important nutrient for rice 

production (Ju et al., 2009) and is required in larger amounts compared to other nutrients 

(Cassman et al., 2002; Mahajan et al, 2011 b). According to prior reports, the apparent 

recovery efficiency of applied N fertilizer is only about 33% on an average (Raun and 

Johnson, 1999; Garnett et al., 2009). The remaining amount of N is lost through different 

pathways such as surface runoff, leaching as nitrate in groundwater, volatilization to the 

atmosphere or denitrification (Vitousek et al., 1997; Raun et al. 1999; Peng et al., 2009; Ju et 

al., 2009) Low recovery of N fertilizer is the major cause for increased costs and 

environmental degradation (Bijay-Singh and Yadvinder Singh 2003; Fageria and Baligar, 

2005; Peng et al; 2009; Chen XP et al., 2014)..  The use of efficient and economical rates of 

nitrogen fertilizer is important for enhancing crop productivity and maintaining 

environmental sustainability.  

Variety has a large influence on the grain yield of direct seeded rice. Different 

varieties exhibit a different response to N fertilizer depending upon their agronomic traits. 

The development of varieties which can efficiently and economically optimise nitrogen 
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fertilizer and enhance Nitrogen use efficient varieties are important for enhancing crop 

productivity and maintaining environmental sustainability (Kant et al., 2011; Haegele et al., 

2013; Y.L. Chen et al., 2014). Recently a few drought tolerant varieties have been 

recommended for cultivation under direct seeded condition but their responsiveness at 

different nitrogen rates has to be studied to come up with a suitable recommendation for 

Deccan Plateau region of Southern India. Although many studies have investigated the 

productivity and water-use efficiency of DSR (Zhang et al., 2009; Sudhir-Yadav et al., 2010; 

Mahajan et al., 2011b), few studies have specifically looked into the interactive effect of 

nitrogen and varieties  for drought tolerant direct sown rice varieties under Southern Indian 

conditions. Literature  regarding  the  adaptability  of  irrigated  lowland  rice  varieties  with  

higher yield  potential  in  direct-seeded  rice  system  is  still  lacking  and needs  the  focus  

of  the  researchers. Suitable and sustainable strategy needs to be developed for optimizing 

nutrient application rates which can be applied to a broader region to obtain sustainable N 

application rates. The study was taken up with a objective to investigate the N rates influence 

on different drought tolerant varieties and to understand how varied N rates influenced crop 

growth, yield, N use efficiency and profitability to the farmers. This study can provide useful 

information to the rice growers and achieve higher grain yield and high input use efficiency.    

2 Methodology 

2. 1 Experimental site, climate and soil characteristics 

Field experiments were conducted for two consecutive years viz. 2015/2016 and 

2016/17 during the dry season at experimental farm of Indian Institute of rice research, 

Hyderabad, Telangana, India. The farm is geographically situated at an altitude of 542.7 m 

above mean sea level on 17°19” N latitude and 78°29” E longitudes. It comes under the 

Southern Telangana zone. The soil of the experimental field at the start of the experiment had  

Sandy clay loam texture, with a  pH of 8.05, organic carbon (0.91%), available N (249 kg ha
-

1
), available P (78.1 kg ha

-1
) and available K (440.7 kg ha

-1
). Prior to the establishment of the 

experiment, the site had been under rice-rice cropping system for several years. 

2.2 Experimental design, layout and crop management 

The experiment was laid out in split-plot design with Nitrogen (N) rates as main plot 

and varieties as sub plot with three replications for two years. Four nitrogen fertilization rates, 

viz., 0 kg N ha
-1

 (N0), 100 kg N ha
-1

 (N100), 120 kg N ha
-1

 (N120) and 140 kg N ha
-1

 (N140) 

were taken as main plot treatments. The tested varieties were DRR Dhan 42 (V1), DRR Dhan 
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44 (V2), DRR Dhan 46 (V3) along with check variety IR 64 (V4) and were assigned to sub 

plot and thus the experiment consisted of sixteen treatment combinations. Rice varieties were 

chosen mainly based on their better adaptability to the region, optimum growth duration and 

strong pest and disease resistance. Summarized description of each variety is presented as: 

DRR Dhan 42 (IR 64 Drt) is a Semi-dwarf; 110-115 days duration; resistant to blast, 

moderately resistant to bacterial blight, brown spot and tolerant to drought especially at 

flowering and grain filling stage with long slender grain type; DRR Dhan 44 is a semi-dwarf; 

110-115 days duration; resistant to blast, moderately resistant to BLB, BPH and WBPH; 

tolerant to drought; long slender grain type, good cooking quality and also has good puffing 

quality (as experienced by farmers of Anantapur district, Andhra Pradesh); DRR Dhan 46 is a 

Semi-dwarf; 110-115 days duration; shattering tolerant; fertilizer responsive; suitable for 

early or delayed planting; tolerant to moderate drought; suitable for irrigated/rainfed areas; 

long slender grain; released for Bihar, Madhya Pradesh and Maharashtra and IR 64 is 120-

125 days duration; moderately resistant to BLB, stem borer; resistant to blast; semi dwarf 

variety with long slender grain type. The rice crop was sown on 06 Jan 2016 in first year and 

17 Jan 2017 in second year. The plot size for each treatment was 20 m
2
 (5 m x 4m). The land 

was prepared by ploughing once with mould board plough, followed by harrowing prior to 

establishment of the experiment. Nitrogen fertilizer (Urea) was applied in three split doses, 

50% at sowing, 25% at maximum tillering stage and 25% at panicle initiation stage. The P 

fertiliser (DAP) was applied entirely as a basal dose at 60 kg ha
-1

 and K fertiliser (muriate of 

potash) at 40 kg ha
-1

 was used as a source of potash fertiliser. Cultural practices such as 

weeding and irrigation were kept uniform for all the experimental treatments to avoid crop 

damage according to the locally adapted practices. Insects and diseases were controlled 

according to the locally adapted practices to avoid substantial yield loss.  

2.3 Sampling and measurement 

At tillering (TL) and flowering (FL) stages, five hills were selected randomly from 

each plot and tagged to measure agronomic parameters, which included tillers m
-2

, dry 

biomass accumulation by shoot (g m
-2

) and leaf area index (LAI). During the tillering (TL) 

and flowering (FL) stages, tillers were counted from each hill at three fixed locations in each 

plot and biomass was sampled by collecting the fresh shoots with the help of a quadrat (0.25 

x 0.25 m) from three locations. Leaf area index of five individual representative hills was 

recorded with a digital plant canopy imager to measure the leaf area index. The measurement 

of yield attributes viz. Panicles m
-2

, panicle weight, grain weight, filled grain percentage and 
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yield was carried out according to the procedure described by Yoshida et al. (1976). 

Physiological maturity was determined when 80% of the grains had turned into golden-

yellow colour. Panicle density was determined with a quadrat (0.25 m × 0.25 m) placed 

randomly in each plot at four locations. Dried seed samples were drawn randomly from each 

treatment plot produce and 100 grains were counted and their weight was recorded. Before 

harvest, yield components such as, fertility % and 1000 grain weight (g) were determined.  At 

maturity, each plot was harvested manually excluding border plants. Crop was harvested on 

18
th

 May 2016 in the first year and 24
th

 May 2017 during the second year. After harvest and 

threshing, the crop produce was sundried, cleaned, weighed and dried to 12 to 14 per cent 

moisture content in grain. Grain yield was expressed as t ha
−1

 at 14% moisture and then at 0% 

moisture for calculating N uptake indices. Straw obtained from each net plot area after 

threshing was sun dried for four days and then weighed and expressed in t ha
-1 

at 0% moisture 

content. Harvest index was calculated as the ratio of dry grain yield to total biomass at crop 

harvest.  

               Harvest index was calculated by using the following formula 

                                                                    Grain yield 

                      Harvest index (%) =  ------------------------------------ x 100 

                                                      Biological yield (Grain + Straw) 

 

2.4 Nitrogen use efficiencies 

The dried samples were ground and N content in grain and straw was determined by 

kjeldahl method (Yoshida et al., 1976).  N uptake (kg N /ha) of grain and straw was 

calculated by multiplying Nitrogen content in grain and straw by yield. Recovery efficiency 

(RE), agronomic nitrogen use efficiency (ANUE) and RE were computed according to the 

method described by Xue et al., 2013. 

 

                                                ANUE =  

 

where Yf is the grain yield in the fertilized plot (kg), Yu is the grain yield in the 

unfertilized plot (kg), and N is the quantity of N applied (kg) and is expressed in kg kg
-1

. 

RE= (Nf-Nu/Na) X 100 

Yf – Yu 

N 
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Where, Nf is the nutrient accumulation by the total biological yield (grain plus straw) 

in the fertilized plot (kg), Nu is the nutrient accumulation by the total biological yield (grain 

plus straw) in the unfertilized plot (kg), and Na is the quantity of nutrient applied (kg). 

Expressed in %. 

The cost of production incurred in each treatment was worked out by considering the 

prevailing market price of input used and the produce obtained (grain and straw) The net income was 

calculated by subtracting the cost of cultivation from the gross monetary return. Different values were 

determined for each treatment as per details given below: 

 Gross monetary returns = Cost of grain + cost of straw  

Net monetary returns = Gross monetary returns - Total cost of cultivation  

Benefit: cost ratio = Gross return/Total cost of cultivation 

2.5 Statistical analyses 

The data was subjected to analysis of variance to determine the influence of 

treatments (Gomez and Gomez, 1984). Data was analysed using analysis of variance 

(ANOVA) to evaluate the differences among the treatments. The statistical model used 

included sources of variation due to replication, Nitrogen rates, varieties and interaction 

effect of nitrogen rates x varieties. Differences due to treatments were judged by least 

significant difference (LSD) at 5% probability level and means were separated by Duncans 

Multiple range test. The relationships between different attributes were assessed using 

correlation analysis. 

3. Results  

3.1 Weather parameters 

The daily average temperature and precipitation during rice growth season of both 

years was measured at a experimental station situated close to the experimental site and is 

presented in Table 1. The total rainfall during the crop seasons (Jan-May) was 163.0 mm in 

2015/16 and 71.6 mm in 2016/17. The rainfall was more in May of 2015/16 (157.4 mm) than 

in May of 2016/17 (61.8 mm). Monthly mean maximum and minimum temperatures did not 

vary greatly in the two years during the rice seasons except in the month of March of 2016/17 

which recorded higher mean temperature (27.0 ◦C) compared to 2015/16 (21.5◦C). Maximum 

temperatures in all the month from Jan-May of 2015/16 were higher compared to 2016/17 

except in March where lower maximum temperature of 32.5◦C was noted in 2015/16 as 
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compared to 35.7 ◦C in 2016/17. Average maximum temperature during the rice season (Jan-

May) ranged from 32.5-42.5◦C in 2015/16 and from 29.3-39.9 ◦C in 2016/17, while the 

average minimum temperature ranged from 10.5-20.0 ◦C in 2015/16 and from 12.2-24.6 ◦C 

in 2016/17. The mean daily sunshine hours in February (8.8), March (8.0), and May (8.50) in 

2015/16 were lower than in February (9.6), March (8.4) and May (9.3) of 2016/17. Higher 

mean evaporation was noted in the months of Jan-April of 2015/16 compared to 2016/17. 

Maximum RH ranged from 84-100% and from 60.9-86.9% whereas minimum RH ranged 

from 14.0-20.0 in 2015/16 and 22.5-33.4 in 2016/17 respectively. 

3.2 Biomass accumulation 

Biomass accumulation in four rice varieties at TL and FL stages at different N rates 

during both the years is presented in Fig 1. Shoot dry biomass accumulation   increased with 

N rate in all the varieties. N140 accumulated the highest shoot biomass but showed no 

apparent difference between N140 and N120. The crop of the N0 plots produced the lowest total 

biomass gain at both the growth stages and was significantly lower than all N rates in both 

the years. Biomass at TL increased from 98.70-115.32 g m
-2 

2015/16 and from 103.63 to 

128.49 g m
-2 

in 2015/16 and 2016/17 respectively in DRR Dhan 44.  DRR Dhan 44 recorded 

the highest biomass irrespective of the N rates, whereas IR 64 recorded the lowest biomass 

accumulation by shoot in both the years. At FL stage also, DRR Dhan 44 produced the 

highest shoot dry matter accumulation, with a range of 486.7-636.5 g m
-2 

in 2015/16 and 

491.4-650.2 g m
-2 

in 2016/17 respectively. DRR Dhan 46 yielded shoot dry matter ranging 

from 412.77-571.01 g m
-2 

in 2015/16 and 467.9-595.7 g m
-2 

in 2016/17. At all the N 

application rates, shoot biomass of DRR Dhan 44 and DRR Dhan 46 showed no significant 

difference. Herein, our results demonstrated that DRR Dhan 44 and 46 produced higher shoot 

biomass at lower N rates. From TL to FL stage, shoot dry matter increased by approximately 

4 fold during both the years. Biomass accumulation in 2016/17 was slightly higher compared 

to 2015/16 during the TL and FL stages respectively. Non significant interaction between N 

rate and varieties on shoot biomass at TL and FL stages was recorded. 

3.3 Tiller density 

The number of tillers varied with different varieties and significant differences in tiller 

number was noted in different varieties. A consistent trend for increase in tiller density was 

observed with increasing nitrogen application rates during both the years with more number 

of tillers in DRR Dhan 44. At TL stage, DRR Dhan 44 recorded a tiller density ranging from 
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343-404 and 362-414 tillers m
-2 

during the first and second year respectively at different N 

rates. Whereas, at FL stage, tiller density ranged from 355 to 467 and 377 to 492 tillers m
-2 

 in 

DRR Dhan 44 during 2015/16 and 2016/17 at all the N rates. DRR Dhan 44 and DRR Dhan 

46 recorded similar tiller numbers at both the stages of observation. N140 had higher tiller 

production in all the varieties followed by N120. Interaction effect between varieties and N 

rates was non-significant during flowering stage but the individual effect of varieties and 

nitrogen levels was found to be significant. Higher tiller density was observed in 2016/17 

than in 2015/16.  

3.4 LAI 

In consistence with the results on number of tillers, LAI at TL and FL stage increased 

with the increase in N rates in all the varieties during the two years. The largest LAI was 

recorded in variety DRR Dhan 44 at all the N rates (Fig 3). Identical trend of observation 

during both the years of study was that DRR Dhan 44 showed higher LAI value both at TL 

and FL stages and was in the range of 1.11-1.19 at TL stage and 4.43-5.53 at FL stage in 

DRR Dhan 44. N0 had the lowest LAI in the range of 0.86-1.04 and 2.92-5.53 whereas N140 

recorded LAI in the range of   1.11-1.30 in 2015/16 and 4.5-5.53 at TL and FL in 2016/17.  

LAI in 2016/17 was slightly higher than in 2015/16 Interaction between N rates and varieties 

was significant at TL and FL stages during both the years.  

3.5 Yield attributes and yield 

In general, the grain and straw yield were marginally higher in second year in all the 

varieties (Table). Panicles m
-2

, Panicle weight, grain weight, filled grain percentage increased 

with the application of nitrogen, reaching maximum at N140. All the yield attributes increased 

significantly up to a nitrogen level of N120 and further increase in N level failed to produce 

significant results. N140 and N120 resulted in 29.85% and 26.55% more Panicles m
-2 

than N0 in 

2015/16, while the increase was 29.0% and 25.6%% during 2016/17 respectively. Filled grain 

percentage ranged from the lowest of 79.11 to the highest of 96.45% and from 70.41-93.02% 

during the first and second year. Grain weight of all the varieties was higher in 2016/17 than 

in 2015/16 and ranged from 2.26-2.62 and 1.87-2.43 in 2015/16 and 2016/17. Mean grain 

yield of all the varieties increased significantly upto N120 kg N/ha and thereafter remained 

statistically same with increased N level but was significantly higher than that of N0. In 

contrast, the lowest yield for both the years was observed in N0 treatment that received no 

application of N in all the cultivars. The results indicated that N120 was superior and increased 
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the total yield of rice by 20.28% in 2015/16 and 25.41 % in 2016/17 respectively, when 

compared to zero N the control. During the first year, N100 and N120 resulted in 35.07% and 

38.80% higher grain yield than N0. However, during the second year the respective increase 

was 36.18% and 39.5%. When compared to N0 treatments, mean grain yield in N140 increased 

by 39.65 % in 2015/16 and 41.56% in 2016/17 respectively. 

Grain yield differed significantly in varieties in both the years.  Of the four promising 

varieties studied, difference in yield attributes and yield was significant and different varieties 

exhibited consistent response to N rates and values were in the order of  DRR Dhan 44> DRR 

Dhan 46> DRR Dhan 42> IR 64 for both the years.. The cultivar DRR Dhan 44 recorded 

significantly higher harvest index. Different varieties might respond differently to varying 

levels of N. Grain yields varied from 3.58-6.30  t ha
-1  

and 3.64-7.03 t ha
-1

 for DRR Dhan 44 

in 2015/16 and 2016/17 and from 3.55-6.01 and 3.43-5.90 t ha
-1

 for DRR Dhan 46 

respectively. Grain yield was very similar between DRR Dhan 44 and DRR Dhan 46 at the 

same N rate. Both DRR Dhan 44 and DRR Dhan 46 produced the same grain yield when N 

rate was 0, 100, 120 or 140 kg N ha
-1

. Grain yields of all the four varieties ranged from 3.38-

6.30 t ha
-1

 in 2015/16 and 3.16-7.03 t ha
-1

 in 2016/17 respectively. Lowest yield was recorded 

in IR 64 ranging from 3.38-5.30 t ha
-1

 in first year and 3.31-5.44 t ha
-1

 in second year. A  

higher  grain  yield  for DRR Dhan 44 and DRR Dhan 46  at  all the  N  rates  (0–140  kg  

ha
−1

)  can be mainly  attributed  either  to higher number of panicles per square meter or 

higher filled grain percentage. In both the years, the interaction between varieties and N rates 

on grain yield was not significant (Table 3). Straw yield followed a similar trend as that of 

grain yield during both the years and DRR Dhan 44 recorded higher straw yield. N rate X 

Varieties interaction for grain straw yield significant during both the years but significant 

response for harvest index between the treatments was not observed in either of the years.  

3.6 Nitrogen uptake by different parts and use efficiency  

N fertilization significantly affected the nitrogen uptake by different Varieties (grain + 

straw) during 2015/16 and 2016/17. The interactions between N rates and Varieties were 

significant for grain and total N uptake (Fig.4 i & ii).  Results indicated that nitrogen uptake 

clearly followed yield pattern. Grain and total N uptake increased with the application of N rates in 

all the Varieties except at N0. Total nitrogen uptake had a significant response to N fertilization 

in different varieties (Table 4 i & ii) and N uptake increased significantly with increased N 

application and was highest in N 140 followed by N120 and was lowest in N0. The highest N 
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uptake was with variety DRR Dhan 44 and was closely followed by DRR Dhan 46.  Similar 

to grain yield and total nitrogen uptake, ANUE and RE was significantly higher for both 

DRR Dhan 44 and DRR Dhan 46 at all the N rates. ANUE varied from 13.52-22.2 kg kg
-1

  

and 14.21-22.56 kg kg
-1

; RE ranged from 38.08-45.12% and 31.96-46.33% in 2015/16 and 

2016/17 respectively (Table 4 i & ii). At all the N rates, DRR Dhan had higher RE whereas it 

was lower in other varieties. During both the years, ANUE and RE declined with increasing 

N rates. IR 64 and DRR Dhan 42 exhibited lower NUE, at  all the N  rates compared to the 

other two varieties. 

3.7 Relationship between N uptake, grain yield and ANUE 

Grain yield was positively correlated relationship with N uptake with r
2
=0.97 for 

2015/16 and 0.94 for 2016/17 respectively (fig 4 i). Similarly, co-relation between total N 

uptake and grain yield also exhibited a significant positive relationship with a high degree of 

correlation with r
2
 value  of 0.98 for the first year and 0.93 for the second year demonstrating 

that the grain yield increased with increase in nitrogen rates upto 140 kg/ha (fig 4 ii).  

However, the relationship between total N uptake and grain yield was linear for the first year 

whereas quadratic relationship was observed during the second year. The relationship 

between grain yield and anue was observed to be positively associated with r
2
= 0.39 for first 

year and r
2
=0.48 for second year with quadratic response (fig 4 iii).  

3.8 Net returns and B:C ratio 

 Among the varieties, DRR Dhan 44 was found to be most remunerative and recorded 

the highest gross and net returns as well as B:C ratio which was similar to DRR Dhan 46 but 

significantly higher than DRR Dhan 42 and IR 64 (fig 5). N140 was the costliest treatment. 

B:C ratio was 2.65 for 2015/16 and 2.30 for 2016/17 in DRR Dhan 44 at N140 and thus 

recorded higher profitability (Fig 5).  

Discussion 

Genotypic variance in rice to N fertilization 

Direct seeded rice is a new and emerging production system that aims to make rice 

production more sustainable and profitable than conventional transplanted rice and helps in 

reducing labour requirement and economises water (Kumar and Ladha, 2011). Significant 

variation was reported among rice varieties with respect to growth, yield attributes, yield and 

nitrogen use efficiency parameters and is in consistence with the previous works (Ju et al., 
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2015; Zhang Ya-Li et al, 2009). Difference in growth and yield attributes is mainly due to the 

difference in genetic constitution of the variety. Of the four promising varieties studied, DRR 

Dhan 44 had higher panicle weight, which remained close to DRR Dhan 46 and is in 

agreement with the researches carried out at different locations (DRR Annual report, 

2015/16). N140 registered highest dry biomass accumulation, tillers m
-2

, LAI, yield attributes 

and yield. Higher dry matter production can be attributed to higher leaf area and more 

number of tillers m
-2

. However, N120 remained comparable to the best treatment of N140. 

Difference in yield during both the year can be attributed to variation in environmental 

situations during both the years (Fageria, 1992). N120 has contributed to higher grain yield of 

DRR Dhan 44 (DRR Annual report 2015-16).  Koutroubas and Ntanos (2003) reported that more 

than 50% of the total variation in grain yield was due to variation in the number of panicles 

and suggested that the most important determinant of grain yield is the number of productive 

tillers. Yield components increased with increasing N rate and are in corroboration with the 

studies of Pan et al. (2012). Superior yield response from DRR Dhan 44 during both the years 

can be attributed to better yield attributes. Consistent with the results from our study, DRR 

Progress report, 2015 reported that DSR responded to fertilizer N upto 140 kg N ha
-1

. Yield 

differences with each incremental N rates has also been reported by   Wang et al., 2002 and 

Wang et al., 2012. Contrary to our reports, IIRR Progress reports and Ali et al., 2015 have   

reported that the maximum grain yield of DSR was observed at the rate of 150 kg N ha. The 

trend of Grain N uptake was similar to grain yield, thus total N uptake was significantly 

influenced by grain N uptake resulting in highest total uptake in DRR Dhan 44. Therefore  

we  speculate  that  an improved  shoot  growth leading to  larger  biomass  at  lower  N  rates,  

contributes  to  a  higher  grain  yield for  DRR Dhan 44 and 46. The significant difference in 

N uptake among the cultivars and grain yield/ unit of applied N might be due to their genetic 

characteristic and differential performance in growth and development (Kant et al., 2011).  

Chen et al., 2015 reported that greater N uptake stimulated the production of more number of 

panicles m
-2 

and thus higher grain yield.  According to Tirol Padre et al.1996, variability in N 

uptake and yield can be attributed to the differences in N uptake and use efficiency by the 

varieties.  

In our study, agronomic efficiency ranged between 13.52-22.21 and 14.21-22.56 

whereas recovery efficiency ranged from 38.08-45.12 and 31.96-46.33 % in 2015/16 and 

2016/17 respectively which is in consistence with the prior reports (Peng et al., 2002). It has 

been found that the agronomic efficiency in farmers rice fields in Asia ranges from 10 to 35 
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kg grain kg−1 N applied and recovery efficiency ranges from 30 to 50% of the applied N 

(Dobermann and Fairhurst, 2000). Various studies have reported significant differences in N 

uptake and N use efficiency among the genotypes (Tirol Padre et al., 1996, Koutroubas and 

Ntanos, 2003, Ju et al., 2015).  It was observed that at higher N rates all the N use efficiency 

parameters declined which is in consistence with the results of the prior reports (Ju et al., 

2015). This decrease can also be attributed to progressive decrease in crop response to 

applied fertiliser (Fageria, 1992).  The  agronomic use  efficiency  of  N  applied in  fertiliser  

always  decreases  as  the  N-application  rate  increases (Zhang  et  al.,  2008;  Zhang  et  al.,  

2015a, Ahmed et al., 2016 , Thind et al.2017). Higher N uptake in DRR Dhan 44 is because of 

its higher grain yield and higher N concentration in grain. Many studies have demonstrated 

that a significant genetic variability exists among the varieties for NUE (Tirol-Padre et al, 

1996; Koutroubas and Ntanos, 2003; Hafele at al., 2008; Wu et al., 2016).  Samonte et al., 

2006 and Wu et al., 2016   also observed quadratic relationship between grain yield and 

agronomic nitrogen use efficiency and similar results were reported in our study. A close 

correlation between N uptake and crop yield has also been documented by Witt et al. (2000) and 

Timsina et al. (2006). The higher harvest index in DRR Dhan 44 is reveals that photosynthates 

were transported to grain efficiently. We observed that grain yield was significantly and 

positively co related with total N uptake and similar results were also reported by Wu et al., 

2016.  

Conclusion 

Grain  yield  of  around more than 6.0  t  ha 
−1

 under direct sown conditions  can  be  

reached  under  proper Nitrogen  management and use of appropriate varieties suited to the 

location with better drought responsiveness and nutrient use efficiency. Higher shoot 

biomass, tillers, and greater leaf area are the major contributors  to higher grain yield and 

thereby increase the N uptake and utilisation efficiency. Our  findings  suggest  that optimum  

rice  yields  for  direct-seeded  rice  can  be  obtained  by selection of suitable variety with the 

use of optimum N rates which  will  greatly  facilitate  the wide  adoption  of  this  technology  

in  Southern India. Results from this study indicate that genotype differences in NUE existed 

among different drought tolerant rice varieties; therefore, NUE of different cultivars could be 

a useful tool to adopt the appropriate cultural practices for achieving higher yield and nutrient 

response. 

 



 

13 
 

References 

Ahmed S, Humphreys E, Salim M, Chauhan BS. 2016. Growth, yield and nitrogen use 

efficiency of dry-seeded rice as influenced by nitrogen and seed rates in Bangladesh. Field 

Crops Res. 186: 18-31. 

Ali AM, Thind HS, Sharma S, Singh Y. 2015. Site-specific Nitrogen management in dry 

direct-seeded rice using chlorophyll meter and leaf colour chart. Pedosphere. 25: 72-81. 

Annual report, 2015-16. Improved agrotechniques for sustainable aerobic rice based cropping 

system. ICAR-Indian Institute of Rice Research, Rajendra nagar, Hyderabad.pp. 37-38. 

Bhushan L, Ladha JK, Gupta RK, Singh S, Tirol-Padre A, Saharawat YS, Gathala M, Pathak 

H. 2007. Saving of water and lobor in rice-wheat system with no-tillage and direct seeding 

technologies. Agron J. 99:1288-1296.  

Bouman BAM, Tuong TP. 2001. Field water management to save water and increase its 

productivity in irrigated rice. Agricultural water management. 49: 11-30. 

Bouman BAM, Lampayan RM, Tuong TP.2007. Water management in irrigated rice: Coping 

with scarcity. International Rice Research Institute, Los Banos. Philippines, pp.54. 

Cassman KG, Dobermann A, Walters DT. 2002. Agroecosystems, nitrogen use efficiency 

and nitrogen management. AMBIO J. Hum. Environ. 31, 132-140. 

Chen XP, Cui ZL, Fan MS, Vitousek P, Zhao M, Ma WQ, Wang ZL, Zhang WJ, Yan XY, 

Yang JC, Deng X, Gao Q, Zhang Q, Guo S, Ren J, Li S, Ye Y, Wang Z, Huang J, Tang Q, 

Sun Y, Peng X, Zhang J, He M, Zhu Y, Xue J, Wang G, Wu L, An N, Wu L, Ma L, Zhang 

W, Zhang FS. 2014. Producing more grain with lower environmental costs. Nature. 514:486–

491. 

Chen Y, Peng J, Wang J, Fu P, Hou Y, Zhang C, Fahad S, Peng S, Cui K, Nie L, Huang J.  

2015. Crop management based on multi-split top dressing enhances grain yield and nitrogen 

use efficiency in irrigated rice in China. Field crops Res. 184: 50-57 

Dobermann A, Fairhust T. 2000. Rice: nutrient disorders and nutrient management. 

Singapore and Los Banos: Potash & phosphate Institute (PPI), Potash & Phosphate Institute 

of Canada (PPIC) and International Rice Research Institute (IRRI).  



 

14 
 

Fageria NK, Baligar VC. 2001. Lowland rice response to nitrogen fertilization. Comm. Soil 

Science and Plant Analysis. 32:1405-1429. 

Fageria NK, Baligar V.C. 2005. Enhancing nitrogen use efficiency in crop plants. Adv 

Agron. 88: 97-185.  

Fageria NK. 2007. Yield physiology of rice. J. Plant Nutr. 30, 843–879. 

Fageria NK, Santos AB, Cutrim VA. 2007. Yield and nitrogen use efficiency of lowland rice 

genotypes as influenced by nitrogen fertilization. Pesquisa Agropecuaria Brasileira 42:1029-

1034. 

Fageria NK, Santos AB, Cutrim VA. 2009. Nitrogen uptake and its association with grain 

yield in lowland rice genotypes. Journal of Plant Nutrition 32:1965-1974. 

Garnett T, Conn V, Kaiser B.N. 2009. Root based approaches to improving nitrogen use 

efficiency in plants. Plant cell Environ. 32, 1272-1283.  

Gomez KA, Gomez AA. 1984. Statistical procedures for agricultural research. 2
nd

 Edition, an 

international rice research institute book. Wiley-Inter-Science publication. New York: John 

Wiley & Sons.   

Haefele SM, Jabbar SMA, Siopongco JDLC, Tirol-Padre A, Amarante ST, Sta Cruz PC, 

Cosico WC. 2008. Nitrogen use efficiency in selected rice (Oryza sativa L.) genotypes under 

different water regimes and nitrogen levels. Field Crops Res. 107: 137–146. 

Haegele JW, Cook KA, Nichols DM, Below FE. 2013. Changes in nitrogen use traits 

associated with genetic improvement for grain yield of maize hybrids released in different 

decades. Crop Sci. 53: 1256–1268. 

Heffer P. 2009. Assessment of fertilizer use by crop at the global level 2006/07-2007/08. 

International fertilizer Industry Association-IFA, Paris, France. 

Indian Institute of Rice Research 2016. Progress report, 2015. Vol 3. Crop Production 

(Agronomy, Soil Science and Plant Physiology. All India Co-ordinated Rice Improvement 

Programme (ICAR). pp 4.137-4.138. 

Ju  XT,  Xing  GX,  Chen  XP,  Zhang  SL,  Zhang  LJ,  Liu  XJ,  Cui,  ZL,  Yin  B, Christiea  

P,  Zhu ZL,  Zhang  FS,  2009.  Reducing  environmental  risk  by improving  N  



 

15 
 

management  in  intensive  Chinese  agricultural  systems.  Proc. Natl.  Acad.  Sci.  U.S.A.  

106:  3041–3046. 

 Ju C,  Buresh RJ, Wanga Z,  Zhang H, Liu L, Yang J ,  Zhang J. 2015.  Root  and  shoot  

traits  for  rice  varieties  with  higher  grain  yield  and higher  nitrogen  use  efficiency  at  

lower  nitrogen  rates  application. Field Crops Res.  175: 47–55. doi: 

10.1016/j.fcr.2015.02.007 

Kant S. Bi YM, Rothstein SJ. 2011. Understanding plant response to nitrogen limitation for 

the improvement of crop nitrogen use efficiency. J. Exp. Bot. 62: 1490–1509.  

Khanda C, Dixit L. 1995. Effect of zinc and nitrogen fertilization on summer ice. Indian J. 

Agron., 40 (4): 695-697 

Koutroubas S, Ntanos D. 2003. Genotypic differences for grain yield and nitrogen utilization 

in Indica and Japonica rice under Mediterranean conditions. Field Crop. Res. 83: 251–260 

Kumar V, Ladha JK. 2011. Direct seeding of rice: recent developments and future research 

needs. Adv. Agron. 111: 299–413. 

Peng S, Huang J, Zhong X, yang J, wang, G, Zou Y et al. 2002. Research strategy in 

improving fertilizer nitrogen use efficiency of irrigated rice in china. Sci. Agric. Sin. 35: 

1095-1103. 

Peng  S,  Tang  Q,  Zou Y,  2009.  Current  status  and  challenges  of  rice  production  in 

China.  Plant  Prod.  Sci.  12: 3–8. 

Raun WR, Johnson GV. 1999. Improving nitrogen use efficiency for cereal production. 

Agron. J. 91: 357-363.  

Samonte S, Wilson LT, Medley JC, Pinson SRM, McClung AM, Lales JS. 2006. Nitrogen 

utilization efficiency: relationships with grain yield, grain protein and yield related traits in 

rice. Agron J. 98: 168-176. Doi:10.2124/agronj2005.0180. 

Singh B, Singh Y. 2003. Environmental implications of nutrient use and crop management in 

rice based ecosystems. In:  Rice Science: Innovations and Impact for livelihood (Mew TW, 

Brar DS, Peng S, Dawe D, Hardy B, eds.) pp. 463-477. IRRI, Los Banos, Philippines. 



 

16 
 

Singh U, Ladha JK, Castillo EG, Punzalan G, Tirol-Padre A, Duqueza M. 1998. Genotypic 

variation in nitrogen use efficiency in medium and long duration rice. Field Crops Res. 58: 

35-53. 

Thind HS,  Singh Y, Sharma S, Goyal D, Singh V,  Singh B. 2017. Optimal rate and schedule 

of nitrogen fertilizer application for enhanced yield and nitrogen use efficiency in dry-seeded 

rice in north-western India. Archives Agron. Soil Sci. doi: 10.1080/03650340.2017.1340642 

Tirol-padre A, Ladha JK, Singh U, Laureles E, Punzalan G, Akita S.1996. Grain yield 

performance of rice genotypes at suboptimal levels of soil N as affected by N uptake and 

utilization efficiency. Field Crop Res. 46: 127–143. doi: 10.1016/0378-4290(95)00095-X 

Timsina J, Panaullah G, Saleque M, Ishaque M, Pathan A, Quayyum M, et al. 2006. Nutrient 

uptake and apparent balances for rice-wheat sequences. I. Nitrogen. J. Plant Nutr. 29: 137–

155. doi: 10.1080/01904160500416539 

Wang H, Bouman BAM, Dule Z, Wang C, Moya PF. 2002. Aerobic rice in northern China: 

opportunities and challenges. In Bouman BAM, Hengsdijk H, Hardy B, Bindraban PS, Tuong 

TP, Ladha JK. (Eds.), Water-Wise Rice Production. Proceedings of the International 

Workshop on Water Wise Rice Production, 8–11 April. International Rice Research Institute, 

Los Banos, Philippines, pp. 143-154 

Wang W, Lu J, Ren T, Li X, Su W, Lu M. 2012. Evaluating regional mean optimal nitrogen 

rates in combination with indigenous nitrogen supply for rice production. Field Crops Res. 

137: 37–48. doi: 10.1016/j.fcr.2012. 08.010. 

Witt C, Cassman K, Olk, D., Biker, U., Liboon, S., Samson, M., et al. (2000). Crop rotation 

and residue management effects on carbon sequestration, nitrogen cycling and productivity of 

irrigated rice systems. Plant Soil. 225: 263–278. doi: 10.1023/A:1026594118145. 

Wu L, Yuan S, Huang L, Sun F, Zhu G, Li G, Fahad S, Peng S and Wang F. 2016. 

Physiological mechanisms underlying the high grain yield and high nitrogen use efficiency of 

elite rice varieties under a low rate of nitrogen application in china.  Front. Plant Sci. 7:1024. 

doi:10.3389/fpls.2016.01024.  

Xue  Y,  Duan  H,  Liu  L,  Wang  Z,  Yang  J,  Zhang  J.  2013.  An  improved  crop  man-

agement  increases  grain  yield  and  nitrogen  and  water  use  efficiency  in  rice.  Crop Sci.  

53:  271–284. 



 

17 
 

Yadav S, Humphreys E, Kukal SS, Gill G, Rangarajan R. 2011. Effect of water management 

on dry seeded and puddled transplanted rice. Part 2: water balance and water productivity. 

Field Crops Res. 120: 123–132. 

Yoshida S, Forno D,  Cock  J,  Gomez  K.  1976.  Laboratory  Manual  for  Physio-logical  

Studies  of  Rice.  International  Rice  Research  Institute,  Philippines, pp.  24–79. 

Yoshida S. 1981. Fundamentals of Rice Crop Science; IRRI: Los Banos, Philippines,  

Zhang  FS,  Wang  JQ,  Zhang  WF,  Cui  ZL,  Ma  WQ,  Chen  QP,  Jiang  RF.  2008. 

Nutrient  use  efficiencies  of  major  cereal  crops  in  china  and  measures  for improvement.  

Acta  Pedol.  Sin.  45  (5):  915–924  (in  Chinese  with  English abstract). 

Zhang L, Lin S, Bouman BAM, Xue C, Wei F, Tao H, Xang X, Wang H, Zhao D, Dittert K. 

2009. Response of aerobic rice growth and grain yield to N fertilizer at two contrasting sites 

near Beijing, China. Field Crops Res. 114: 45-53.  

Zhang Ya-Li, Fan Jian-Bo, Wang Dong Sheng and Shen Qi-Rong. 2009. Genotypic 

differences in grain yield and physiological nitrogen use efficiency among rice cultivars. 

Pedosphere 19 (6): 681-691. 

Zhang X,  Davidson  EA,  Mauzerall  DL,  Searchinger  TD,  Dumas  P,  Shen  Y, 2015a.  

Managing  nitrogen  for  sustainable  development.  Nature. 528(7580). 51-9.



 

18 
 

. Table 1: Weather parameters for the year 2015/16 and 2016/17* 

Month 

2015/16 2016/17 

Rainfall 

(mm) 

Temperature (
0
C) 

Relative 

humidity Evapo

ration 

(mm) 

Sunshi

ne 

(hrs) 

Rainfall 

(mm) 

Temperature (
0
C) Relative humidity Evap

oratio

n 

(mm) 

Sunsh

ine 

(hrs) Max Min Mean 
Max 

(%) 

Min 

(%) 
Max Min Mean Max (%) Min (%) 

January  0.0 32.5 10.5 21.5 91.0 20.0 3.8 8.3 0  29.3  12.2  20.75 86.9  33.4  3.7  8  

February  0.0 37.0 12.0 24.5 91.0 18.0 5.8 8.8 0  32.6  13.6  23.1 79.3  26.7  5.1  9.6  

March  3.0 32.5 10.5 21.5 91.0 20.0 6.8 8.0 5.6  35.7  18.2  26.95 73.7  24.7  6.5  8.4  

April  2.6 42.5 20.0 31.25 84.0 14.0 8.7 9.3 4.2  39.9  22  30.95 60.9  22.5  8.1  9.1  

May  157.4 41.5 18.5 30.0 100.0 20.0 7.8 8.5 61.8  39.7  24.6  32.15 63.7  28.9  8.4  9.3  

 

*Rainfall, Sunshine hours, temperature and Relative humidity during the rice growing season of (A) 2015/16 (B) 2016/17 in Hyderabad, 

Telangana, India. Rainfall, Sunshine hours are monthly totals whereas temperature data is monthly averages.  
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Table 2 (i): Influence of Nitrogen levels and short duration drought tolerant varieties on yield attributes and yield of rice for the year 2015/16 

Treatment 

No.of Panicles m
-2

 Panicle weight(g) Test weight (g) Filled grain percentage (%) 

N-Levels N-Levels N-Levels N-Levels 

N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean 

DRR-Dhan 42 282 340 390 413 356 1.82 2.09 2.09 2.15 2.03 2.26 2.46 2.48 2.62 2.45 84.00 86.89 89.91 92.90 88.42 

DRR-Dhan 44 310 377 423 440 388 2.20 2.59 2.99 3.19 2.74 2.09 2.12 2.25 2.26 2.18 85.45 88.65 93.81 96.45 91.09 

DRR-Dhan 46 307 373 407 430 379 1.82 2.47 2.59 2.59 2.36 2.06 2.40 2.41 2.58 2.36 85.06 88.43 93.36 94.81 90.42 

IR64 287 335 390 403 354 1.86 1.93 1.99 2.01 1.94 2.24 2.27 2.37 2.52 2.35 79.11 82.26 84.54 85.24 82.79 

MEAN 296 356 403 422 - 1.92 2.27 2.41 2.40 - 2.16 2.31 2.37 2.49 - 83.41 86.56 90.41 92.35 - 

LSD (0.05) N rates= 41, Variety=  20  , N X V=NS N rates= 1.66, Variety= 0.79  , N X V= 
N rates= 0.10, Variety=   0.12, N X 

V=NS 
N rates= 2.88, Variety=2.30 , N X V=NS 

 

Table 2 (ii): Influence of Nitrogen levels and short duration drought tolerant varieties on yield attributes of rice for the year 2016/17 

Treatment 

No.of Panicles m
-2

 Panicle weigh t(g) Test weight (g) Filled grain percentage (%) 

N-Levels N-Levels N-Levels N-Levels 

N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean 

DRR-Dhan 42 304 364 400 426 374 2.04 2.13 2.35 2.60 2.28 1.94 2.11 2.15 2.29 2.12 74.36 86.00 89.84 93.74 86.00 

DRR-Dhan 44 322 393 438 459 403 2.20 2.22 2.67 2.87 2.50 2.12 2.34 2.38 2.43 2.32 91.05 91.50 92.45 93.02 92.00 

DRR-Dhan 46 318 392 423 448 395 2.13 2.18 2.57 2.62 2.40 2.04 2.14 2.19 2.30 2.17 79.62 83.87 85.19 88.24 84.23 

IR64 300 359 409 417 371 1.65 1.80 2.96 2.37 2.20 1.87 1.89 1.91 2.17 1.96 70.41 79.33 81.70 85.23 79.16 

MEAN 311 377 418 438 - 2.00 2.08 2.63 2.61 - 1.99 2.12 2.16 2.30 - 78.86 85.17 87.30 90.05 - 

CDM N rates=26.5, variety=20.09, N X V=NS N rates=0.07, variety=0.08, N x V =NS N rates=0.09, variety=0.15, N X V= NS N rates=2.94, variety=2.70, N X V= NS 

 

Table 3 (i): Influence of Nitrogen levels and short duration drought tolerant varieties on yield and harvest index of rice for the year 2015/16  

Treatment Grain yield (t ha
-1

) Straw yield (t ha
-1

) Harvest index (%) 

N-Levels N-Levels N-Levels 

N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean 

DRR-Dhan 42 3.38 5.24 5.45 5.60 4.92 5.44 6.52 7.84 7.80 6.75 34.5 44.6 41.0 41.8 40.48 

DRR-Dhan 44 3.58 5.80 6.00 6.30 5.42 5.44 7.96 8.26 8.68 7.58 39.7 42.2 42.10 42.10 41.53 

DRR-Dhan 46 3.55 5.40 5.65 5.95 5.14 6.73 7.62 7.92 8.01 7.57 34.5 41.5 41.63 42.62 40.06 

IR64 3.40 5.00 5.15 5.30 4.71 5.28 7.20 7.34 7.66 6.87 32.8 41.0 41.20 40.90 38.98 

MEAN  3.48 5.36 5.56 5.79  5.27 7.32 7.84 7.88 - 35.38 42.33 41.48 41.86  

 N rates=  0.27 , varieties= 0.29**, N X V= NS N rates=  0.30, varieties= 0.25, N X V= 0.39 N rates=NS , varieties=NS, N X V=NS 
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Table 3 (ii): Influence of Nitrogen levels and short duration drought tolerant varieties on yield and harvest index of rice for the year 2016/17 

 

 

Treatments 

Grain yield (t ha
-1

) Straw yield (t ha
-1

) Harvest index (%) 

N-Levels N-Levels N-Levels 

N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean 

DRR-Dhan 42 3.31 5.37 5.65 5.85 5.05c 6.58 7.73 7.01 7.46 7.20 33.49 40.16 42.52 43.96 40.03 

DRR-Dhan 44 3.64 5.90 6.32 6.60 5.62a 6.69 8.14 8.01 9.01 7.96 36.10 40.13 44.83 43.87 41.23 

DRR-Dhan 46 3.63 5.71 6.02 6.20 5.39b 6.59 7.22 7.71 8.72 7.56 34.23 41.92 42.15 40.37 39.67 

IR64 3.46 5.00 5.20 5.44 4.78d 5.07 6.13 6.94 7.02 6.29 30.91 40.35 43.14 45.98 40.10 

MEAN  3.51d 5.50c 5.80b 6.02a - 6.23 7.31 7.42 8.05 - 33.68 40.64 43.16 43.55 - 

CDM 
N rates=  0.22 , varieties= 0.27, N X 

V=NS 

N rates=  0.49 , varieties= 0.35, N X 

V=0.71 

N rates=  NS, varieties= 4.23, N X V=NS 

 

 

Table 4 (i): Influence of short duration drought tolerant varieties and Nitrogen levels on Physiological and Nitrogen use indices of rice 2015/16 

Treatments 

Total nitrogen uptake (kg ha
-1

) RE (%)* ANUE (kg grain kg
-1

)* 

N-Levels N-Levels N-Levels 

N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean 

DRR-Dhan 42 77.36 120.06 125.90 133.0 114.08 - 42.70 40.45 39.74 40.96 - 18.6 17.25 17.57 17.81 

DRR-Dhan 44 83.19 128.31 135.44 143.21 122.54 - 45.12 43.54 42.87 43.84 - 22.21 20.17 19.43 20.60 

DRR-Dhan 46 77.67 122.65 129.57 136.79 116.67 - 44.98 43.25 42.22 43.48 - 18.50 17.5 17.14 17.71 

IR64 66.68 108.64 114.54 120.0 102.47 - 41.96 39.88 38.08 39.97 - 16.07 14.58 13.52 14.72 

MEAN 76.23 119.92 126.36 133.25 115.20 - 43.69 41.78 40.73 -  18.85 17.38 16.92 - 

LSD (0.05) N rates =5.72, varieties=5.33, N X V=NS - - 

 

 

 

 



 

21 
 

Table 4 (ii): Influence of short duration drought tolerant varieties and Nitrogen levels on Physiological and Nitrogen use indices of rice 2016/17 

Treatments 

Total nitrogen uptake (kg ha
-1

) RE (%)* ANUE (kg grain kg
-1

)* 

N-Levels N-Levels N-Levels 

N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean N0 N100 N120 N140 Mean 

DRR-Dhan 42 84.6 117.9 125.7 130.0 114.55b - 33.32 34.25 32.44 33.34 - 20.56 19.47 18.11 19.38 

DRR-Dhan 44 97.0 143.3 150.5 154.0 136.20a - 46.33 44.64 40.75 43.91 - 22.56 22.30 21.11 21.99 

DRR-Dhan 46 87.1 122.50 127.8 133.3 117.68b - 35.44 33.96 32.97 34.12 - 20.8 19.91 18.35 19.69 

IR64 78.8 115.60 119.0 123.5 109.23c - 36.84 33.53 31.96 34.11 - 15.5 14.60 14.21 14.77 

MEAN 88.68a 124.83b 130.75c 135.20d - - 37.98 36.60 34.53 - - 19.86 19.07 17.95 - 

CDM N rates= 5.05  , varieties= 3.69, N X V= NS - - 

 

* Data not statistically analysed 
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 (a) (b) 

  

(c ) (d) 

  

 2015/16 2016/17 

stage N rates Variety 

N

X 

V 

N rates Variety NX V 

Shoot dry 

biomass m
-2

 

TL 4.71*** 5.92*** NS 3.63*** 4.26*** * 

FL 58.34*** 41.71** NS 28.50*** 22.27*** NS 

 

Fig 1: Interaction effect of N rates and varieties on shoot biomass accumulation at tillering 

(TL) and flowering stage (FL) respectively (a) 2015/16 Tillering stage (b) 2016/17 Tillering 

stage (c) 2015-16 Flowering stage (c) 2016/17 Flowering stage . * significant at p=0.05  ** 

p=0.001 and *** p <0.0001 
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(a)  (b)  

  
(c) (d) 

  
 2015/16 2016/17 

stag

e 
N rates Variety NX V N rates Variety NX V 

Tillers m
-2

 
TL 24.71** 16.28*** NS 21.45* 14.724* * 

FL 23.58*** 20.46 *** NS 15.45*** 14.40*** NS 

 

Fig 2: Interaction effect of N rates and varieties on number of tillers m
-2

 at tillering (TL) and 

flowering stage (FL)respectively (a) 2015/16 Tillering stage (b) 2016/17 Tillering stage (c) 

2015/16 Flowering stage (d) 2016/17 Flowering stage.  * significant at p=0.05, p=** 0.001 

and p=*** at <0.001  
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 (a) (b) 

  

(c ) (d) 

  

 
2015/16 2016/17 

stage N rates Variety NX V N rates Variety NX V 

Leaf area 

Index 

TL 0.185** 0.094* ** 0.023*** 0.021*** *** 

FL 0.64*** 0.72** ** 0.187*** 0.132*** *** 

 

Fig 3: Interaction effect of N rate and varieties on leaf area index at tillering (TL) and 

flowering (FL) stages (a) 2015/16 Tillering stage (b) 2016/17 Tillering stage (c) 2015/16 

Flowering stage (d) 2016/17 Flowering stage. Vertical bars represent the standard error of 

means at 5% level of probability. * significant at p=0.05, p=** 0.001 and p=*** at <0.001 
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(a) (b) 

  

Fig 4 (i): Relationship between N uptake by grain and grain yield of four rice varieties (a) 

2015/16 (b) 2016/17 

 

(a) (b) 

  

Fig 4 (ii): Relationship between Total N uptake and grain yield of four rice varieties (a) 

2015/16 (b) 2016/17 
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(a) (b) 

 
 

Fig 4 (iii): Relationship between grain yield and agronomic nitrogen use efficiency (n=12)(a) 

2015/16 (b) 2016/17
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Fig 5: Gross returns, net returns and B:C ratio of different varieties at varying nitrogen rates 

(a) 2015/16 (b) 2016/17 
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