
INTERNATIONAL JOURNAL OF BIO-RESOURCE, ENVIRONMENT AND AGRICULTURAL SCIENCES (IJBEAS), Vol. 1(2) : 8-13,2015

www.sbear.in // ISSN 2423-3551
YIELD, NITROGEN UPTAKE AND NITROGEN USE EFFICIENCY INDICES OF AEROBIC
RICE (Oryza sativa L.) UNDER VARIOUS IRRIGATION REGIMES AND NITROGEN LEVELS

B.R. Nayak 1*, K.Pramanik2, N. Panigrahy1, A. K. Dash3 and S.K.Swain4

1Regional Research & Technology Transfer Station,OUAT, Chiplima -768025, Sambalpur, Odisha
2Palli Siksha Bhavana (Institute of Agriculture),Sriniketan,Visva- Bharati,West Bengal

3College of Agriculture,OUAT,Bhubaneswar,Odisha
4College of Agriculture Engineering and Technology ,OUAT, Bhubaneswar, Odisha

e-mail: biswa.nayak@yahoo.co.in
Received: April 2015 Revised accepted: May 2015

ABSTRACT

A field experiment was conducted on aerobic rice (Oryza sativa L.) during summer season of 2013
and 2014 at Regional Research and Technology Transfer Station, Chiplima, Sambalpur, Odisha in
order to study the effect of irrigation regimes and nitrogen levels on yield, nitrogen uptake and
nitrogen use efficiency indices of aerobic rice (Apo). Four irrigation regimes viz., irrigation at 3
days interval, 5 days interval, 7 days interval and 9 days interval and four levels of nitrogen viz.,
no nitrogen, 40, 60 and 80 kg ha-1 were tested in split plot design with three replications. The
pooled mean result revealed that irrigation at 3 days interval showed the maximum values of grain
yield (3.44 t ha-1) but it was at par with irrigation at 5 days interval(3.22 t ha-1). Both the above
irrigation regimes significantly higher grain yield as compared to rest other higher irrigation
interval. But straw yield, N-uptake by grain, straw and total decreased significantly with increase
in irrigation interval. The application of nitrogen 80kg ha-1 recorded significantly higher grain
yield (3.58 t ha-1), straw yield, N-uptake by grain, straw and total than that of other nitrogen levels.
Different nitrogen use efficiency indices were maximum value when crop receiving irrigation
regimes at 3 days interval except agro physiological efficiency of nitrogen. Partial factor
productivity of nitrogen and agro physiological efficiency were maximum with application of
nitrogen at 40kg ha-1 whereas agronomic efficiency of nitrogen and apparent recovery efficiency
of nitrogen were maximum at 80kg N ha-1. But nitrogen harvest index was maximum when crop
receiving no nitrogen.
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INTRODUCTION

Rice (Oryza sativa L.) is the major crop in India as well as in Odisha. The theme of international rice year
(2004) i.e. “Rice is life” is quite appropriate for India as this crop plays a pivotal role in our national food
security and source of livelihood for a millions of rural households. Water is a looming crisis due to
competition among agricultural, industrial, environmental and domestic users. A growing scarcity of fresh
water will pose the problems for rice production in future years. The traditional rice production system not
only leads to wastage of water but also causes environmental degradation and above all reduces the
fertilizer use efficiency. It has been calculated that about 3000 - 5000 litres of water is required for
producing one kg rice depending on the variety and rice cultivation methods. Hence, shifting gradually
from traditional rice production system to growing rice aerobically can mitigate occurrence of water
related problems. Aerobic rice culture is an emerging technology and revolutionary way of growing rice
where the direct-seeded rice varieties with aerobic environment are grown in well-drained, on-puddled
and non saturated soils (aerobic soils) .Aerobic rice assumes greater importance in water scarcity area and
increasing demand for rice. Aerobic rice is a projected sustainable rice production methodology for the
immediate future to address water scarcity and environmental safety in the scenario of global warming.
Nitrogen is the key nutrient that most frequently limits the rice production. In low land rice ecosystems,
the nitrogen use efficiency is approximately 30% whereas in upland rice, whether irrigated or rainfed,
nitrogen use efficiency would be in the range of 40 to 60%. Therefore, there is a need to quantify the
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requirement of nitrogen for aerobic rice with particular reference to cultivars location and management
conditions. Odisha is having substantial area under rainfed/semidry dry rice and has a vast scope of
growing rice under aerobic conditions. However, reliable information on potential of aerobic rice, suitable
varieties and management options are lacking in this region. In this back drop, the present study was
undertaken for standardization of irrigation interval and nitrogen dose under aerobic condition in summer
season.

MATERIALS AND METHODS

An experiment was conducted at the Regional Research Technology and Transfer Station, Chiplima,
Sambalpur in the year 2013 and 2014 during the summer season. The soil of the experimental field was
sandy loam  with acidic in reaction( pH 5.8),organic carbon content was 0.38% and available N,P and  K
content was 187, 15.4  and 172 kg ha-1, respectively.  The moisture content at field capacity and
permanent wilting point was 19.4 and 8.4 per cent, respectively. The experiment was laid out in split plot
design with 3 replications. Main plot treatments consist of four irrigation regimes (irrigation at 3 days
interval, 5 days interval, 7 days interval and 9 days interval) and in sub plot treatments  consist of four
levels of nitrogen (0,40, 60 and 80 kg /ha ). The total rainfall received during the crop growth period was
65.9 mm and 9.1 mm during 2013 and 2014, respectively. Seeds of Apo cultivar was manually sown
(hand dibbled) @  45 kg ha-1 in furrows made by trench hoe  at 20 cm row spacing during   first week of
January and harvested on second week of May during the both the years under study. The recommended
dose of fertilizer was applied @ 40kg P2O5 ha-1 and 60kg K2O ha-1 using single super phosphate (SSP)
and muriate of potash (MOP), respectively as sources. Nitrogen in the form of urea was top dressed as per
treatment in three splits i.e.  half dose of nitrogen at 20 DAS and remaining half dose of nitrogen was
applied  in two equal splits each at 40DAS  and 60DAS. The initial four common irrigations (3 cm. water
depth per each irrigation) were applied to all the treatments after sowing for proper establishment of the
plants till 20 DAS and thereafter, irrigation was applied at a depth of 5 cm. as per treatment details. The
measured quantity of irrigation water was applied with the help of 900 V -notch. The volume of irrigation
water in each plot was calculated by multiplying the depth of irrigation and area of the plot. The required
cultural practices and plant protection measures were followed as per recommended package and weeds
were controlled by pre emergence herbicide pendimethalin 30 EC (stomp) @ 1.0 l ha-1 at 2 DAS and post
emergence herbicide metasulfuron methyl + chlorimuron 20 WP (almix) @ 20 g ha-1 20DAS followed by
weeding in cono weeder at 30DAS and one hand weeding at 40DAS. Grain and straw yield (t/ ha) were
calculated on the net plot basis. The uptake of a nitrogen by grain and straw at time of harvest from each
plot were calculated by multiplying the percent of nitrogen content grain and straw with their respective
yield and expressed in kg ha-1. Total uptake at harvest was calculated by adding the uptake values of grain
and straw. The recorded data for various parameters were statistically analyzed (Panse and Sukhatme,
1978).

RESULTS AND DISCUSSION

Grain yield (t ha-1)

The result (Table 1 ) revealed that the grain yield of rice increased significantly with decrease in irrigation
regime up to 5 days interval and further decrease in irrigation regimes i.e. interval did not prove beneficial
during both the years under study. The pooled data of both years also showed the same trend. The highest
grain yield of 3.35, 3.53 and 3.42 t ha-1 were produced with irrigation regime at 3 days interval in first
year, second year and pooled mean, respectively. The increase in grain yield owing to irrigation regimes
at 3 days interval over 5, 7 and 9 days interval were 6.27, 24.48 and 41.79 per cent in first year, 7.08,
21.53 and 38.81 per cent in second year and 6.14, 22.51 and 39.76 per cent in pooled mean, respectively.
The lowest grain yield was produced with decrease in irrigation frequency might be due to reduce the
growth, more  number of  emerged weeds and also plant suffered stress during reproductive phase that
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hampered the supply of photosynthates resulting in poor yield attributes.  This was in harmony with
findings of Maheswari et al. (2008) and Shekara et al. (2010).

The grain yield of rice increased significantly with increase in nitrogen levels during individual years and
pooled mean of both years. The highest grain yield of 3.48, 3.68 and 3.58 t ha-1 was produced in crop
receiving nitrogen at 80 kg ha-1 in first year, second year and pooled mean, respectively. The increase in
grain yield owing to nitrogen at 80 kg ha-1 over 60 kg ha-1, 40 kg ha-1 and no nitrogen were 11.78, 25.57
and 47.41 per cent in first year, 11.41, 24.18 and 45.10 per cent in second year and 11.73, 24.86 and 46.64
per cent in pooled mean, respectively. Application of nitrogen 80 kg ha-1 produced significantly higher
grain yield than all other lower levels due to enhanced stature of growth and yield attribute, forming
larger sink size coupled with efficient translocation of photosynthates from source to sink ,which would
have resulted in more number of filled grain there by finally increased the grain yield.  This was in
accordance with the findings of Pradhan et al. (2014) and Uddin et al. (2013).

Straw yield (t ha-1)
The result showed (Table-1) that straw yield of aerobic rice was significantly influenced by various
irrigation regimes during pooled of both the years of study. The straw yield increased significantly with
decrease in irrigation regime up to 3 days interval. The highest straw yield (4.94 t ha-1) was obtained in
irrigation regime at 3 days interval. The increase in straw yield owing to irrigation at 3 days interval over
5, 7 and 9 days interval were 7.89, 19.43 and 35.83 per cent, respectively. The lowest straw yield was
produced by irrigation regime at higher interval might be due to plant suffered stress in long water
scarcity condition resulting on reduced the uptake of nutrients and growth attributes and also enhanced
the emerging of more number of weeds. This result was in conformity with the findings of Mandal et al.
(2013) and Murthy and Reddy (2013).

The result indicated that nitrogen levels exerted significant effect on straw yield of aerobic rice during
pooled of both the years under study. The straw yield of rice increased significantly with increase in
nitrogen levels .The highest straw yield (5.23 t ha-1) was observed   in crop receiving nitrogen at 80 kg ha-

1. The increase in straw yield owing to nitrogen at 80 kg ha-1 over 60 kg ha-1, 40 kg ha-1 and no nitrogen
were 10.70, 26.00 and 44.93 per cent, respectively. The increase in straw yield with increase in nitrogen
might be attributed to higher uptake of nitrogen resulting in the vigorous vegetative growth of rice. This
results are in conformity with those of reported by Sharma et al. (2007) and Mandal et al. (2013).

Harvest index (%)
The result showed (Table2) that there was no significant difference among the irrigation regimes and
nitrogen levels with respect to harvest index; however, it was minimum when crop receiving irrigation at
9 days interval and application of no nitrogen treated plot. Non significant difference among the irrigation
regimes on harvest index conformity with the finding of Mandal et al.(2013) and among nitrogen level
corroborate the finding of Prakash et al.(2013).

Nitrogen uptake (kgha-1)
The pooled mean results (Table 1) revealed that irrigation regimes and nitrogen level exerted significant
effect on nitrogen uptake by grain, straw and total uptake under study. The nitrogen uptake by grain,
straw and total uptake decreased significantly with increase in irrigation interval. The nitrogen uptake by
grain ,straw and total  uptake in different irrigation regimes ranged from 14.02 to 34.51 kg ha-1 , 7.09 to
20.05 kg ha-1 and 21.11 to 54.56 kg ha-1, respectively. The increase in uptake of nitrogen at higher
moisture regimes due to cumulative effect of increase in grain and straw yield as well as increased
nitrogen content in grain and straw. Increase in uptake of nitrogen at higher moisture regimes have also
been reported by Murthy and Reddy (2013) and Sandhu and Mahal (2014).

The nitrogen uptake by grain, straw and total uptake increased significantly with successive increase in
nitrogen levels up to 80 kg ha-1. The nitrogen uptake by grain, straw and total  uptake  in different
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nitrogen levels ranged from 13.54 to 36.30 kg ha-1 , 5.80 to 21.60 kg ha-1 and 19.34 to 57.90 kg ha-1,
respectively. The increase in uptake of nitrogen with increase in nitrogen application due to cumulative
effect of increase in grain and straw yield as well as increased nitrogen content in grain and straw.
Increase in uptake of nitrogen with increase in nitrogen application have also been reported by Halder et
al.(2008) and Singh et al. (2013)
Nitrogen use efficiency indices (kg kg-1)
The pooled mean results on nitrogen use efficiency indices such as agronomic efficiency of nitrogen, agro
physiological efficiency of nitrogen, partial factor productivity of applied nitrogen, apparent recovery
efficiency of nitrogen and nitrogen harvest index are presented in the table 2.

The agronomic efficiency of nitrogen indicated the additional grain yield produced for each kg of
nitrogen applied over control. The crop receiving irrigation regime at 3 days interval produced maximum
agronomic efficiency of nitrogen which was at par with those obtained at its immediate higher irrigation
interval (5 days) and significantly higher than rest other irrigation regimes at higher interval. This is in
conformity with the findings of Ramkrishna et al. (2007). But different nitrogen levels did not have
significant effect on agronomic efficiency of nitrogen under study.

The agro physiological efficiency of nitrogen indicates the additional grain yield produced for each kg of
nitrogen uptake over control. The crop receiving irrigation regime at 3 days interval produced maximum
agro physiological efficiency of nitrogen which was at par with 5 and 7 days irrigation interval and
significantly higher than rest other irrigation regime at higher interval. But in nitrogen levels, the highest
value of agro physiological efficiency of nitrogen was recorded in crop receiving nitrogen at 40 kg ha-1. It
was significantly superior to rest of other higher levels of nitrogen.

Partial factor productivity of applied nitrogen is the grain yield obtained per each kg of applied nitrogen.
There was strong negative relationship between partial factor productivity of nitrogen and irrigation
intervals. The highest value of partial factor productivity of nitrogen was recorded in crop receiving
irrigation regime at 3 days interval which was at par with those obtained at its immediate higher irrigation
interval (5 days). Both the above irrigation regimes produced significantly higher value of partial factor
productivity of nitrogen than rest other irrigation regimes at higher interval. The results are in conformity
with the findings of Rahaman et al. (2013). There was also strong negative relationship between partial
factor productivity of nitrogen and nitrogen levels. The partial factor productivity of nitrogen decreased as
the level of nitrogen increased. The highest partial factor productivity of nitrogen was recorded in crop
receiving nitrogen at 40 kg ha-1 which was significantly superior to rest other higher levels of nitrogen.
But both the higher levels of nitrogen significantly differed from each other. The results are in conformity
with the findings of Sharma et al.(2007).

Apparent recovery efficiency of nitrogen indicate that how much nitrogen applied is recovered. There was
strong positive relationship between apparent recovery efficiency of nitrogen and irrigation intervals. The
crop receiving irrigation regime at 3 days interval produced higher apparent recovery efficiency of
nitrogen which was at par with those obtained at its immediate higher irrigation interval (5 days). Both the
above irrigation regimes produced significantly higher value of apparent recovery efficiency of nitrogen
than other higher irrigation intervals under study. The results are in conformity with the findings of
Rahaman and Sinha (2013). There was also strong positive relationship between apparent recovery
efficiency of nitrogen and nitrogen levels. The apparent recovery efficiency of nitrogen was recorded
maximum in crop receiving nitrogen at 80 kg ha-1 which was significantly superior to rest of other lower
levels of nitrogen. The results are in conformity with the findings of Soriano (2007).

Nitrogen harvest index indicate that how much of nitrogen uptake by grain out of total nitrogen uptake by
the crop. The various irrigation regimes did not have significant effect on nitrogen harvest index. But
there was strong negative relationship between nitrogen harvest index and nitrogen levels.The highest
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value of nitrogen harvest index when crop receiving no nitrogen, which was at par with those obtained at
its immediate higher level of nitrogen i.e. 40 kg ha-1. Both the above nitrogen levels produced
significantly higher value of nitrogen harvest index than rest of other higher levels of nitrogen.

Table 1: Irrigation regimes and nitrogen levels on grain yield , straw yield and N uptake of aerobic rice
(pooled mean)

Treatments
Grain yield ( t/ha) Straw

yield
(t/ha)

Harvest
index (%)

N-uptake (kg/kg)

2013 2014 Pooled
mean

Grain Straw Total

Irrigation regimes
3 days interval 3.35 3.53 3.44 4.94 40.84 34.51 20.05 54.56

5 days interval 3.14 3.28 3.21 4.55 40.94 30.41 16.19 46.60
7 days interval 2.53 2.77 2.65 3.98 39.93 21.86 11.10 32.96

9 days interval 1.95 2.16 2.06 3.17 39.61 14.02 7.09 21.11

SEm ± 0.09 0.12 0.07 0.08 0.63 0.57 0.46 0.95
CD (P = 0.05) 0.31 0.40 0.23 0.25 NS 1.80 1.4 2.92
Nitrogen levels
No nitrogen 1.83 2.02 1.91 2.88 39.79 13.54 5.80 19.34
40 kg/ha 2.59 2.79 2.69 3.87 40.58 22.24 10.77 33.00
60 kg/ha 3.07 3.26 3.16 4.67 40.60 28.73 16.26 44.99
80 kg/ha 3.48 3.68 3.58 5.23 40.66 36.30 21.60 57.90
SEm ± 0.08 0.09 0.05 0.05 0.57 0.44 0.30 0.50
CD ( P = 0.05 ) 0.23 0.26 0.13 0.16 NS 1.25 0.94 1.56

Table 2 :Irrigation regimes and nitrogen levels on nitrogen use efficiency indices of aerobic rice(pooled mean)

Treatments
Nitrogen  use efficiency indices (kg kg-1)

AEN APEN PFPN AREN (%) NHI (%)
Irrigation regimes
3 days interval 26 43 67 60 64

5 days interval 25 50 62 53 66

7 days interval 19 53 51 36 67

9 days interval 10 63 39 18 67

SEm ± 2 5 1 2 1

CD (P = 0.05) 6 16 5 7 NS

Nitrogen levels
No nitrogen - - - - 70

40 kg/ha 19 61 68 34 68

60 kg/ha 21 50 53 43 64

80 kg/ha 21 46 45 48 63

SEm ± 2 3 1 1 1

CD ( P = 0.05 ) NS 9 4 3 2
AEN- Agronomic  efficiency  of nitrogen, APEN-Agro physiological efficiency of nitrogen , PFPN-Partial factor productivity
of nitrogen , AREN-Apparent recovery efficiency of nitrogen  and NHI-Nitrogen harvest index
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CONCLUSION
From the present investigations, it may be concluded that aerobic rice needs to be irrigated at 5 days
interval with the application of nitrogen at 80 kg ha-1 produced economically higher grain yield on sandy
loam soils of western region of Odisha.
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