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In Andaman and Nicobar Islands, India, rice productivity is low due to traditional long
duration variety (C-14-8) cultivation on poorly fertile soils with minimal or no fertilizer
use due to heavy rains. In this context, ability of rice hybrids and high yielding varieties
(HYV) under varying nitrogen supplies to adopt and enhance rice productivity and profits.
Field study was made during 2015 rainy season in split plot design with three replications.
Treatments formed by combination of 5 rice cultivars (3 hybrids: KRH-4, 28P09 &
DRRH-3 and two HYV: WGL-14 and CARI Dhan-6) in main plot and four nitrogen (N)
rates (0, 50, 100 and 150 kg/ha) as sub-plot treatments. Best performing cultivars (KRH-4
hybrid and WGL-14 variety) and nitrogen rate (100 kg) were evaluated in 2016 and 2018
seasons. Results (2015 season) have indicated that KRH-4 and 28P09 hybrids have 39.2
and 28.2% yield improvements over local HYV CARI Dhan-6 (2.09 t/ha). Above higher
yields of hybrids with similar cost of cultivation as that of a variety have brought 3.16-4.52
times more profits. Grain yield exhibited linear response to nitrogen up to 150 kg rate,
however, its application beyond 100 kg was not economically rewarding. Rice cultivar and
nitrogen interaction indicated that KRH-4 hybrid was suitable for both no, low and high N
inputs. Rice hybrid „28P09‟ required N fertilization (100 kg) for its potential performance.
Confirmatory trails of KRH-4 for two seasons (2016 & 2018) have shown 17.1% yield
advantage over HYV „WGL-14‟ over 3 seasons at 100 kg N rate. The study proved that
hybrids are better candidates for Island ecosystem where response to N fertilization is
rainfall dependent and soils have inherent fertility.

Introduction
Andaman and Nicobar Islands (ANI), an
Union Territory of India lies as a separate land
mass (0.8249 m km2) from mainland in the
midst of Bay of Bengal at a distance of over
1100 km. ANI is inhabited by 0.38 m people
as per 2011 census and is frequented by 0.487
m tourists during 2017. Farming is practised
on 40506 ha of which rice (Oryza sativa L.)

crop accounts for 13.2% acreage (DOES,
2018). Rice is the only cereal staple grown in
ANI as a transplanted crop of rain fed
lowlands near the coast on acidic soils with
salinity dimension (acid-saline, acid-sulphatesaline) with high phosphorus fixation and low
available nitrogen and potassium (Singh et al.,
1988). Excess monsoon rains (~200 cm in ~90
days) of islands results in flash flooding; deep
water submergence of paddy soils (Courtois et

1382

Int.J.Curr.Microbiol.App.Sci (2019) 8(9): 1382-1396

al., 2001) and have poor crop yields
(Amanullah et al., 2007). Untimely rains
during rice season often hamper timely
nitrogen fertilizer top dressing. Even if applied
timely, its efficacy is reduced with subsequent
rains through various losses especially run off.
Nutrient omission studies of NPK have
indicated a yield penalty of 60.7% in the study
region (Gangaiah et al., 2016) that would be
still higher in no soil amelioration
(amendments) scenario of islands. In such
edapho-climatic condition of ANI, long
duration, tall, photosensitive varieties (C-14-8)
requiring minimal or no fertilizer nitrogen
inputs have been cultivated on as high as 70%
total acreage (Subramani et al., 2014) with
low yields and thus profits. Poor economic
prospects of rice crop has resulted in loss of
patronage with its cultivation as evident from
the decreased area from 12000 ha in late
1990s (Mandal et al., 2004) to the current
5340 ha (DOES, 2018). Indian Ocean
Tsunami of 26th December, 2004 has further
reduced the rice crop prospects due to
deteriorated soil and water quality (Ganesh
Kumar et al., 2009) that however, were
restored to normalcy owing to leaching
/washing of the soils of salts by copious
rainfall of the islands (Velmurugan et al.,
2015) and have overcome the constrained
yields and profits as in states of Tamil Nadu
and Pondicherry (Shanmugasundaram and
Ponnusamy, 2009) that have low rainfall.
Attempts are made to improve the yield
potential of local rice varieties through
breeding (Singh et al., 2014) and also
introduction of high yielding varieties from
mainland to some extent. Starting from 1995
with release of first hybrid (APRRH-1), India
has released 97 hybrids till 2017 (DRD, 2018)
with 15-20% yield gains (FAO, 2014).
Hybrids with higher and more vigorous root
systems (Yang and Sun 1986; Zhang et al.,
2009) than a variety were found to contribute
to more soil N tapping (Hunag et al., 2017)
makes them ideal candidates for low N input

farming of islands. It is in this context, hybrids
were introduced and tested in Islands and is
aimed at understanding the rice cultivar and N
interactions and tapping the same for islands
where 100 kg/ha N (Damodaran et al., 2012)
is recommended dose for a rice variety.
Materials and Methods
Experimental location
Field studies on rain fed lowland transplanted
rice was conducted during July- November,
2015 -2018 at the Bloomsdale farm, ICARCentral Island Agricultural Research Institute,
Andaman, & Nicobar Islands, India located at
110 38‟ 06” N latitude and 920 39‟ 15‟‟ E
longitude at an altitude of 14 m above mean
sea level. This study region has Udic moisture
and Isothermic temperature regime.
Experimental soil characteristics
The experimental clay loam soil, at start of
study in 0 -20 cm depth has 6.3 pH (measured
in a 1:2.5 soil-water suspension), non-saline
(ECe<0.58 dS/m), 6200 kg/ha organic carbon
(Walkley and Black method, Jackson, 1973),
258 kg/ha alkaline permanganate hydrolysable
N (Subbiah and Asija,1956), 11.0 kg/ha 0.5M
NaHCO3 extractable P (Olsen‟s method, Olsen
et al., 1954) and 132 kg/ha 1N NH4OAC
exchangeable K (Flame photometer method,
Jackson, 1973) as determined by using the
procedures described by Singh et al., (2005).
Treatments
Treatments during 2015 study consisted of
five recently improved rice cultivars (28P09,
DRRH-3, KRH-4 rice hybrids; WGL-14 a
high yielding varieties from mainland and
CARI Dhan-6 a local improved variety) as
main plot and four nitrogen rates (0, 50, 100
and 150 kg/ha) in sub-plot. These nitrogen
rates represented 0, 50, 100 and 150% of
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recommended dose of rice crop in
experimental region. Treatments were
replicated thrice in a split plot design. Best
performing hybrid (KRH-4) from 2015 study
was re-evaluated against the variety „WGL14‟ at 4 N levels (2016) and during 2017:
28P09 and CARI Dhan-6 and during 2018:
KRH-4 and WGL-14 at recommended dose of
N i.e. 100 kg/ha were evaluated as a part new
hybrids screening trials. Package of practices
remained the same.
Crop nutrition
Nitrogen as prilled urea (46.4% N) was
applied in three equal splits on 5th, 27th and
47th day after transplanting (DAT) rice crop. A
sub-plot size of 5 m x 3 m with a 1 m channel
between plots on all sides was formed by 30
cm high soil levee to contain inter plot N
movement. Main plots and replications were
separated by 2 m alleys of bunds and a
channel. Irrigation water was also applied to
each plot separately. Thus, inter-plot
movement of N was fully controlled. The
experimental area received uniformly 60 kg/ha
each of P2O5 and K2O as single super
phosphate (16% P2O5) and potassium chloride
(60% K2O) applied in last puddling prior to
levelling and field layout. Land preparation
The experimental soil was thoroughly
prepared by three times power tiller puddling
after saturating the soil with water for a week.
First puddling was done with no standing
water that inverted and incorporated the
existing natural grasses and other plants. In
second and third puddling, 2-5 cm standing
water was maintained for pulverising the soil.
Soil was allowed to settle for a day, was
manually levelled and experimental lay out
was done.
Nursery and main field crop management
Clean paddy seeds were soaked in water for
24 hours in a bucket followed by placing them

in gunny bag for 24 hours for promoting
germination with frequent watering. In a
thoroughly prepared nursery field, five raised
beds of 1 m width, 5 m length and 0.20 m
height were made with drainage channels on
all sides. Seeds (0.5 kg) of each variety were
sown on separate bed on 1st July, 2015.
Nitrogen (urea) was applied @ 2 g N/m2 on 5
and 20th day. Nursery was watered daily and
weeds were removed once on 25th day after
seeding. Thirty (30) day old seedlings were
uprooted and transplanted in main field on
30thJuly, 2015 using 2 seedlings/ hill located
at 20 x 15 cm spacing. During 2016, Rice crop
was grown under rain fed conditions and faced
no moisture stress during its life cycle as need
based irrigations were given. Manual weeding
was done twice at 25 and 45 days after
transplanting (DAT) prior to 2nd and 3rdN
topdressing.
Data recording
Days to 50% flowering (visible observation)
and physiological maturity were recorded
(from seed soaking to flowering / maturity)
and reported. Plant height (cm) of 10
randomly selected hills from ground to tip of
the top most leaf (flag leaf) was measured and
the panicles were counted prior to harvest
treatment wise. The same hills were harvested
5 cm above the ground level and weight (g)
was recorded. Grains were separated by hand
from the above 10 hills and counted manually.
Average number of grains/panicle was
estimated by dividing number of grains with
panicle number. Grain and straw was oven
dried to bring down the moisture contents to
14 and 10% respectively and weight was
recorded. Harvest index was estimated as ratio
of weight of 10 hills grain (14% moisture) to
weight of straw (10 moisture) + grain. Weight
of 1000 oven dried grains was recorded and
reported as test weight (g). Crop was
harvested plot wise and biomass yield (kg)
was recorded. It was allowed to dry in the
shade of threshing floor for two days and
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threshed by manually operated pedal thresher.
Grain yield was recorded plot wise. Grain and
straw yields were adjusted to 14 and 10%
moisture level and their total weight is taken
as biological yield /plot. From plot yields, per
ha yields were estimated.
Nitrogen uptake and use efficiency
Nitrogen (N) concentration of grain and straw
was estimated as per procedures Singh et al.,
(2005) and uptake was estimated as product of
grain/ straw yield (t/ha) x nutrient
concentration (%) / 100. Nitrogen use
efficiencies were calculated as per Fageria and
Baligar (2011).
AE: Agronomic efficiency (kg grain/ kg N
applied): Grain yield in N applied plot (kg/ha)
- grain yield in no N applied plot/ N fertilizer
applied (kg/ha)
PE: Physiological efficiency (kg biomass/ kg
N uptake): Biomass (grain + straw) yield in N
applied plot (kg/ha) - Biomass yield in no N
applied plot /N uptake in N applied – No N
applied plot
AR: Apparent recovery (%): (N uptake by
biomass in fertilized-N uptake by biomass in
unfertilized plot/ nitrogen applied) x 100
UE:
Utilization
Efficiency
(kg/kg):
Physiological efficiency x Apparent recovery
NHI: Nitrogen harvest index: (Grain uptake /
biomass uptake) x 100
Economics
Economics for 2015 study were estimated
based input prices of market and output price
of rice grain as announced by Government of
India as minimum support price (Rs.
14,100/tonne, 2015-16) and assumed straw
price of Rs. 2,000/tonne. Benefit Cost ratio as
worked out as ratio of gross income {grain

yield (t/ha) x 14100 +straw yield (t/ha) x
2000} to cost of cultivation (Rs/ha). A
fertilizer price of 12.87/ kg N was used.
Statistical analysis
The analysis of variance was done in Split Plot
Design and significance of treatment
differences was compared by critical
difference at 5% level of significance (P=0.05)
and statistical interpretation of treatments was
done as per Gomez and Gomez (1984).
Results and Discussion
Weather during study period
Weather data during the experiment period
was highly congenial for rice cultivation
(Figure 1). A rain fall of 140.2 cm was
received in 62 rainy days. A mean maximum
and minimum temperature of 30.2 and 24.7OC
and relative humidity of 75- 90% was
recorded at the Indian Meteorological
Department (IMD)weather station at Port
Blair during crop life cycle (July-November).
Crop required irrigations during October
month to maintain 3-5 cm standing water and
were given through ground water. Required
plant protection measures were given to go
crop free of pest induced losses. Weeds were
taken take through manual weeding.
Recommended P, K fertilizers were applied
uniformly to exclude their yield limitations in
rice crop. There was uniform bird damage to
grains at experimental site that could not be
controlled as the birds are under Forest
Protection (wild life) laws. It is a common
factor for all treatments like P and K
fertilizers. Thus all biotic and abiotc stresses
of rice crop were taken care and any
differences in crop performance was solely
ascribed to cultivars (hybrid/ variety), nitrogen
fertilization and their interaction. The results
of study were presented in order of cultivar,
nitrogen and their interaction effects.
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Rice cultivars
Plant height and yield attributes
Rice cultivars differed greatly for plant height
and yield attributes (Table 1). „KRH-4‟ hybrid
being at a par with „28P09‟ hybrid has
produced significantly taller plants than other
cultivars. CARI Dhan-6 has produced the
shortest plants. Cultivars differed by 2-6 days
for reaching to 50% flowering and
physiological maturity stage, however, these
differences were statistically insignificant.
Significantly higher number of panicles/m2
(317.5), grains/panicle (123.8) and 1000 grain
weight (25.07 g) was recorded by KRH-4,
28P09 and CARI Dhan-6, respectively.
Panicles/m2 of „KRH-4‟ & „WGL-14 and
„28P09‟ & „DRRH-3‟ were at par. CARI
dhan-6 has produced the least panicles/m2.
Based on 1000 grain weight, WGL-14 (16.63
g) has lowest values, 28P09 and KRH-4
(19.33 and 19.90 g) and DRRH-3 and CARI
dhan-6 (23.9 and 25.07 g) formed two
separate groups. Significantly higher number
of grains/ panicle was recorded by KRH-4
than other four cultivars which in turn have at
par values among themselves.
Grain and biomass yield
Rice hybrid „KRH-4‟ has out yielded all other
cultivars significantly for grain and biomass
(2.91 and 9.20 t/ha) yields (Table 2) and
„CARI Dhan-6‟ stood at the bottom with
significantly lower values (2.09 and 6.64 t/ha).
Hybrid „28P09‟ is the second best performer
for grain and biomass yields. DRRH-3 hybrid
and „WGL-14‟ variety have at par yields.
Cultivars did not differ for harvest index and
have a mean value of 32.18.
Nitrogen uptake and use efficiency
Rice cultivars differed for grain and biomass
(grain + straw) N uptake (Table 3). „KHR-4‟

hybrid has significantly higher N uptake
values (grain and biomass) than all other
cultivars; however, its grain N uptake was at
par with „28P09‟ hybrid. „DRRH-3‟ hybrid
and „WGL-14‟ variety have at par N uptake
values while CARI Dhan-6 has the least
uptake values (grain and biomass) and its
grain N uptake was at par with WGL-14.
Nitrogen harvest index (NHI) remained
unaffected by cultivars. For N use efficiency
indices, 28P09 and CARI Dhan - 6 have
significantly higher and lower values,
respectively. However PE values are least in
„WGL-14‟ variety.
Economics
Economics (Rs/ha) of rice cultivation (Table
4) revealed that hybrids have Rs. 3600/ha
higher cost of cultivation than a variety (Rs.
34851) on account of high seed price (Rs. 200
and 30 per kg of hybrid and variety) while
seed rate used remained same for both. Net
income (Rs/ha) of „KRH-4‟ was significantly
higher (Rs.16616) than all other cultivars.
Other cultivars in descending order of net
income are: 28P09> WGL-14>DRRH3>CARI Dhan-6. Benefit cost ratio (BCR)
followed the net income and was the highest
in „KRH-4‟ (1.38) and CARI Dhan-6 has the
least BCR (1.10) which in turn was at par with
DRRH-3 (1.12).
Nitrogen fertilization impacts
Plant height and yield attributes
Plant height and yield attributes (except 1000
grain weight) of rice varied greatly due to N
fertilization (Table 5). Successive increase of
50 kg N fertilization from 0 to 100 for plant
height and panicles/m2, and from 0 to 50 kg in
case of grains / panicle have brought marked
improvements in their values over immediate
preceding N rate.
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Fig.1 Weather data of study site (rainfall, rainy days on y1 & temperature on y2 axis).

Fig.2 Nitrogen concentration of rice grain and under varying nitrogen rates
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Table.1 Growth and yield attributes of rice as affected by its cultivars
Rice hybrid /
variety*

Plant height
(cm) at harvest

Days to 50%
flowering

Days to Panicles/
maturity
m2

123.6c
103a
129 a
274.0b
28P09
b
a
a
110.8
101
125
258.6b
DRRH-3
125.0c
100a
123 a
317.5c
KRH-4
112.7b
100a
126 a
303.7c
WGL-14*
a
a
a
105.3
98
123
223.2a
CARI Dhan-6*
5.15
NS
NS
17.02
CD (P=0.05)
Note: same superscript alphabets represent statistically similar values

Grains
/panicle
123.8c
100.4 a
105.0 ab
108.7b
107.0b
5.11

Test
weight
(g)
19.33b
23.90c
19.91b
16.62 a
25.07c
2.101

Table.2 Grain, biomass yield and harvest index of rice – cultivars
Rice hybrid /
variety*

Yield (t/ha)
Grain

Biomass

2.68 c
8.27 c
28P09
2.36 b
7.32 b
DRRH3
2.91 d
9.02 d
KRH-4
2.32 b
7.19 b
WGL-14*
a
2.09
6.48 a
CARI-6*
0.094
0.374
CD (P=0.05)
Note: same superscript alphabets represent statistically similar values
Table.3 Nitrogen uptake and use efficiency of rice as influenced by cultivars
Hybrid /
Variety*

N uptake (kg/ha) N Harvest
Nitrogen use efficiency*
index
Grain Biomass
AE
PE
AR
UE
bc
c
a
c
d
d
31.91
67.30
47.42
9.42
81.80
28.18
22.90c
28P09
28.67b
60.01b
47.77 a
6.31b
69.23c
19.67c 13.68b
DRRH3
c
d
a
ab
a
35.21
73.62
47.83
4.90
48.34
15.55 b 7.48a
KRH-4
27.69 ab
58.22b
47.56 a
6.00b
69.49c 18.55 c 12.75b
WGL-14*
24.98 a
52.33 a
47.73 a
3.78 a
52.81b 11.83 a 6.22 a
CARI-6*
3.443
5.129
NS
4.01
CD (P=0.05)
*AE: Agronomic efficiency (kg grain/ kg N applied): PE: Physiological efficiency (kg biomass/
kg N uptake): AR: Apparent recovery (%); UE: Utilization Efficiency (kg/kg)
Note: same superscript alphabets represent statistically similar values
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Table.4 Economics of rice cultivation and cultivars
Rice hybrid /
variety*

Economics (Rs/ha)

Benefit
Cost
Ratio

Cost of
Gross
Net
cultivation
returns returns
38601
48848
10247c
1.26c
28P09
a
38601
43271
4670
1.12 a
DRRH3
38601
53265
14664d
1.38c
KRH-4
35000
42524
7524b
1.21b
WGL-14*
a
35000
38247
3247
1.09a
CARI Dhan-6*
2008
0.072
CD (P=0.05)
Note: same superscript alphabets represent statistically similar values
Table.5 Growth and yield attributes of rice as affected by nitrogen rates
Nitrogen rate
(kg/ha)

Plant height
(cm) at
harvest
96.9a
113.7 b
124.3 c
127.2 c
7.94
NS

Days to 50%
maturity

Days to
maturity

Panicles/
m2

Grains
/panicle

Test
weight
(g)
20.28 a
21.00 a
21.28 a
21.32 a
NS
NS

94 a
121 a
225.8 a
99.7 a
0
99 ab
124 ab
272.0 b
108.3 b
50
102 b
127 ab
296.1 c
113.2 b
100
105 b
130 b
299.6c
114.8 b
150
7.2
8.0
13.36
7.91
CD (P=0.05)
NS
NS
NS
NS
Interaction
(Cultivar x N)
Note: same superscript alphabets represent statistically similar values; NS: Not significant

Table.6 Grain, biological yield, harvest index of rice as affected by nitrogen rates
Nitrogen rate
(kg/ha)

Yield (t/ha)
Grain

Biological

Harvest
index

2.03 a
6.74 a
30.12 a
0
2.33 b
7.39 b
31.53 ab
50
2.71 c
8.01 c
33.90 c
100
c
c
2.81
8.47
33.20 bc
150
0.145
0.579
2.02
CD (P=0.05)
Note: same superscript alphabets represent statistically similar values
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Table.7 Nitrogen uptake and use efficiency of rice under varying nitrogen rates
Nitrogen
rate (kg/ha)

N uptake (kg/ha
N Harvest
Nitrogen use efficiency*
index
Grain Grain
AE
PE
AR
UE
+
(kg/kg) (kg/kg)
(%)
(kg/kg)
Straw
21.86 a 49.02 a
44.59 a
∞
∞
∞
∞
0
28.32 b 59.75b
47.41 ab
6.16b 57.55 a
21.82a 12.56 ab
50
33.33bc 67.33b
49.50 b
6.86c
65.80b
18.37b 12.09b
100
c
bc
b
a
b
35.25
73.08
48.23
5.23
69.55
16.08c 11.20 a
150
7.922
3.942
6.22
CD (P=0.05) 5.367
*AE: Agronomic efficiency (kg grain/ kg N applied): PE: Physiological efficiency (kg biomass/
kg N uptake): AR: Apparent recovery (%); UE: Utilization Efficiency (kg/kg)
Note: same superscript alphabets represent statistically similar values
Table.8 Economics of rice cultivation under varying nitrogen rates
Nitrogen rate
(kg/ha)

Economics (Rs/ha)

Benefit
Cost
Ratio

Cost of
Gross
Net
cultivation returns returns
35745
38006
2241a
1.06 a
0
36589
43044
6535b
1.17b
50
37433
48851
11418c
1.30c
100
c
38277
50965
12688
1.32c
150
3128
0.113
CD (P=0.05)
Note: same superscript alphabets represent statistically similar values
Table.9 Grain yield (t/ha) of rice as influenced by cultivar x nitrogen rate
Rice hybrid / variety*
28P09
DRRH3
KRH 4
WGL 14*
CARI Dhan 6*
SEm±
CD (p=0.05)
abc

Nitrogen rate (kg/ha)
0
50
100
150
1.98aA
2.45cB1
3.04cC
3.22cC
1.93aA
2.32 bcB1
2.57 bC1 2.64 bC1
bA1
dB
2.55
2.79
3.12cC
3.18cC
1.88aA
2.16bB1
2.60 bC1 2.66 bC1
aA
aA
1.80
1.96
2.24 aB1 2.36 aB1
V at same N
V at different N
0.092
0.101
0.188
0.221

denotes V at same N; ABCdenotes V at different N; 1at par yields of N0 and Nx treatments.
Note: same superscript alphabets represent statistically similar values
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Table.10 Biomass yield (t/ha) of rice as influenced by cultivar x nitrogen rate
Rice hybrid /
variety*
28P09
DRRH3
KRH 4
WGL 14*
CARI Dhan 6*

Nitrogen rate (kg/ha)
0
50
100
150
b
c
c
6.58
7.75
8.97
9.70 c
6.42ab
7.34bc
7.58b
7.95b
8.48c
8.83 d
9.20 c
9.58c
ab
b
b
6.25
6.83
7.67
8.01b
5.99a
6.20a
6.61a
7.11a
V at same N
V at different N
0.284
0.309
0.579
0.676

SEm±
CD (p=0.05)
abc
denotes V at same N
Note: Same superscript alphabets represent statistically similar values

Table.11 Net income (Rs/ha) of rice as influenced by cultivar x nitrogen rate
Rice hybrid /
variety*
28P09
DRRH3
KRH 4
WGL 14*
CARI Dhan 6*

Nitrogen rate (kg/ha)
0
50
100
150
-99a
7099b 15646c 18343c
-1035a
4699 ab
7186a 7831 ab
b
c
10578
13376
17086c 17618 c
1628a
5347ab 11327b 11794 b
130a
1655a
4847a
6357 a
V at same N
V at different N
1969
2157
SEm±
4016
4721
CD (p=0.05)
ab
denotes V at same N; Same alphabets for data represent at par values
Table.12 Performance of hybrid and variety at recommended nitrogen (2016 season)

Hybrid /
Variety*

Grain Yield (t/ha)

Mean

2015
2016*
2018**
a
a
3.12
5.24
4.15 a
4.17a
KRH-4
a
b
b
2.60
4.31
3.76
3.56b
WGL-14*
0.188
0.519
0.298
0.335
CD (P=0.05)
*CD values based on 20 cultivars trial; **CD values based on 7 cultivars trial

Days to 50% flowering and maturity were
significantly increased with N fertilization
thus 100 and 150 kg N rate have significantly
more values than no N. Nitrogen rates failed

to alter 1000 grain weight of rice markedly.
Interaction effects of variety and N rate on
growth and yield attributes were nonsignificant.
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Grain, biomass yield and harvest index

Economics of nitrogen fertilization

Each successive increase of 50 kg N fertilizer
from 0 to 100 kg/ha has significantly pushed
up the grain, biomass yield and harvest index
of rice (Table 6). Nitrogen fertilization (mean
of 50, 100 and 150 kg N) has improved the
grain and biomass yield by 29.7 and 18.2%
over no N control (2.03 and 6.74 t/ha). Grain
(biomass) yield increases have a quadratic
improvement
pattern
i.e.14.8
(9.18),
16.31(8.68) and 3.69% (5.74%) increase with
50, 100 and 150 kg N fertilization over
immediate preceding rate. Harvest index
improved with 100 kg N application over no N
control only. Slight decline in harvest index
was observed with increase in N dose from
100 to 150 kg and this decrease has made it to
have at par values as 50 kg N rate. Grain yield
exhibited linear response as determined by
regression equation: y = 0.272x + 1.79 (y and
x are yield in t/ha and N rate in kg/ha) with a
R2 value of 0.957.

Nitrogen fertilization has significantly altered
the economics (Rs/ha) of rice cultivation
(Table 8). Cost of cultivation increased by
Rs.944 for each 50 kg N fertilization. Net
income and benefit cost ratio increased
significantly with each successive increase of
50 kg N rate up to 100 kg /ha. Application of
150 kg N failed to enhance net income and
BCR values significantly over 100 kg N.

Nitrogen uptake and use efficiency
Nitrogen concentration in grain and straw
were markedly altered by N fertilization
(Figure 2). Application of 50 kg and 150 kg N
has markedly improved N concentration of
grain and straw over no N and 50 kg N,
respectively. Nitrogen uptake of grain,
biomass and N harvest index varied with N
rate (Table 7).
Gran (biomass) N uptake (kg/ha) was
increased by 6.46 (11.09), 5.01 (7.33) and
1.92 (5.75) kg with 50, 100, 150 kg N
application as compared to their immediate
preceding rate. Nitrogen harvest index
increased with N application and thus 100 kg
N rate has markedly higher value than no N
control. All N use efficiency indices increased
with N fertilization. AE and PE values are
highest with 100 and 150 kg N/ha, while AR
and UE was highest at 50 kg N rate.

Cultivar and nitrogen interaction for grain,
biological yield and net income
Grain, biomass yield and net income of rice
differed significantly due to cultivar and N
fertilization interaction (Table 9, Table 10 and
Table 11). All cultivars have significant yield
response to N fertilization up to 100 kg with
the exception that biomass yield of „28P09‟
responded up to 150 kg rate. „KRH-4‟ hybrid
performance without N was as good as
„DRRH-3‟, „WGL-14‟ and „CARI Dhan-6‟
receiving 150 kg N. Its superiority continued
with N fertilization over other varieties with
the exception that „28P09‟ has attained at par
performance as KRH-4 at 100 and 150 kg N
rate. Net income has brought out clear utility
of N fertilization. Without N application, rice
cultivation is economical with „KRH-4‟
hybrid only and at 50 kg N also, it has no
comparable treatment while 3 other cultivars
have moved into profits (CARI Dhan-6
uneconomical). Application of 100 kg N has
brought 28P09 hybrid on at par net income
level as that of KRH-4. Potential performance
of 28P09 was exhibited with N fertilization
only and at 100 kg N, gave its best
performance. CARI Dhan-6 cultivation
became economical with 100 kg N application
only. WGL-14 variety has better economics
than CARI Dhan-6 and DRRH-3 at 100 and
150 kg N. Application of N beyond 100 kg
was wasteful in all cultivars though grain yield
response to N fertilization was linear.
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Reassessment of hybrids performance over
HYV
Evaluation of best performing hybrid „KRH-4‟
as compared to a high yielding variety WGL14 at recommended N dose (100 kg/ha) during
2016 and 2018 (Table 12) and the data
indicated consistent and significant yield
improvement over WGL-14 variety. On an
average at 100 kg N application KRH-4 has
17.14% yield advantage over the high yielding
variety This data confirms that even at
recommended dose of nitrogen, hybrids have
exhibited their superiority.
Rice cultivars produced plants with a mean
height of 115.5 cm that have 273.4 panicles/
m2, each panicle had 109 grains and 1000
grains weighed 20.97 g during the year 2015.
Rice hybrids „KRH-4‟ and „28P09‟ have
produced 9.5 and 8.1 cm taller plants than the
mean value of 115.5 cm. On the contrary,
CARI Dhan-6 has 10.2 cm shorter plants than
the mean value. Other two varieties have
similar to mean plant height values. For
panicles//m2, KRH-4 and WGL-14 have
produced 44.1 and 33.1 more numbers than
the mean (273.4) whereas CARI Dhan-6 has
recorded 22% number of panicles than the
mean. Grains/ panicle of 28P09 hybrid was
13.6% higher number of grains than the mean
value (109) and DRRH-3 hybrid has 7.9%
lesser values than the mean. Huge variation
was seen for 1000 grain weight (16.63 25.07g) among cultivars. WGL-14 and CARI
Dhan-6 have -20.7% and 19.6% deviations
from the mean value (20.97 g).
Rice crop has a mean grain, biological yield
(t/ha) and harvest index values of 2.47 7.65
and 32.3, respectively. Taller plants (9.5 cm)
of KRH-4 hybrid coupled with 16.13% higher
number of panicles/m2 (with grains/ panicle
and test weight values at par with mean
values) together has brought in 17.9% higher
(biomass and grain) yields over the mean. rice
hybrid „28P09‟ too on account of 8.1 cm taller

plants and 13.6% higher grains/panicle than
the mean values (with panicles/m2 and 1000
grain weight remained at par with mean
values) have exhibited 8.5 and 8% grain and
biomass yield improvements. Rice variety
„WGL-14‟ despite of producing 11.1% higher
number of panicle/m2, owing to 20.7% lower
1000 grain weight than the mean (20.97 g) has
recorded significantly lower yields (6.1%)
than the mean yield. Similarly, the lower
panicle production of DRRH-3 (5.4%) got
compensated by 18.7% higher seed weight
than the mean has brought its performance at
par with WGL-14. Local improved variety
CARI Dhan-6 remained the poor performer
due to 10.2 cm shorter plants and 25.7% lesser
panicle/m2 production than the mean. Its
heavier grains (19.6% higher than mean)
failed to compensate the lesser panicle/m2 and
thus had 15.4% lower yield than the mean and
thus was a poor performer. In general, rice
crop took 25 day time from 50% flowering
stage to reach physiological maturity. As
cultivars tested belonged to same medium
group of maturity (120-130 days), the
differences remained non significant. Superior
performance of hybrids and varieties over
traditional and local improved variety of the
current study was corroborated by the findings
of Singh et al., (2009) with hybrids and
Sharma et al., (2016) with HYV.
The current experimental research farm site
was located in a place surrounded by forest
trees and the small birds (sparrows) are eating
the grains. As per Forest law, they can‟t be
controlled as comes under protected category.
Current yields reported are such uniformly
bird damaged study. In general, the yields are
25% lower than the actual and yields. In
farmers‟ fields, where paddy is grown in
continuous stretches, yield losses due to birds
was quite lower and in significant as spread
over many fields. Cultivars varied for their N
use efficiency indicators vastly and are highest
with 28P09.
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Current experimental site clay loam soil was
low for available nitrogen (258 kg/ha) and was
subjected to heavy rains in August and
September months coinciding with N top
dressings that might have washed the
mineralised N out of the field. Nitrogen
response of rice to N fertiliser was assessed
with uniform recommended P2O5 and K2O
fertilizers (60 kg each) and micronutrient
deficiency and response (iron, zinc etc.) was
not reported. Thus N responses were clearly
captured. Nitrogen nutrition of rice has
enhanced the plant height, panicles/m2 and
grains/panicle production greatly. Plant height
was increased by 16.8, 10.6 and 2.9 cm with
addition of 50, 100 and 150 kg N fertilizer
over their immediate preceding rate. The
figures for panicles /m2 were 46.2, 24.1 and
7.5 and for grains/panicle were 8.6, 4.9 and
1.6. Test weight did not vary much with N
dose. On account of 5.8, 2.8 and 11% higher
panicles /m2, grains/panicle and 1000 grain
weight, N fertilization has increased grain
yields by 25.2% over no N control (2.09 t/ha).
This increase was 15.3, 16.3 and 3.7 with 50,
100 and 150 kg N application over 0, 50 and
100 kg N, respectively. On account of above
increases in yield attributes along with 5.4%
taller plants in N fertilized crop has brought in
17.8% increases in biomass yield than no N
control (6.75 t/ha). Per cent increase in grain
yield was far ahead of biomass yield up to 100
kg N and at 150 kg N, biomass yield surpassed
grain yield increases indicating luxury
consumption of N. Nitrogen fertilization has
increased the time taken for 50% flowering by
8 days as compared no N control (94 days).
Maturity time is increased by 6 days. The
above increases in yields (straw and grain)
have translated into net income and 100 kg N
is ideal. Mean nitrogen harvest index of the
current study are (44.59) is quiet lower than
the reported values of 64% by Fageria and
Baligar (2001). This was ascribed to loss of
25% grain yield by bird damage. Nitrogen
harvest index (NHI) of rice increased in N

fertilized crop by 3.71 as compared to no N
control (44.64). This indicates that for better
yields, a NHI of 49.5 is required that is
attained with 100 kg N fertilization at the
study region. N uptake of rice increased on
account of increased straw / grain yield and
their N concentrations with N dose (Figure 2).
Agronomic efficiency (AE) of N increased
with N fertilization up to 100 kg and thereafter
declined. The grain yield increase was 0.30,
0.38 and 0.11 t/ha for 1st, 2nd and 3rd 50 kg N
addition. The decreasing rate of yield
increases with constant rate of N increase (50
kg) has resulted in decrease in AE.
Physiological Efficiency (PE) dependent on
ratio of biomass increases to N uptake
increases in fertilized plot over no N
application.
Both biomass and N uptake increased with N
fertilization over control and thus have highest
values at 150 kg N application. Apparent
recovery (AR) was highest with 50 kg N
(22.18%) and decreased with increased N rate
to the lowest of 16.12 with 150 kg N on
account of increasing numerator (N dose).
Utilization Efficiency (UE), a product of AR
and PE followed their trend.
Better performance of KRH-4 hybrid even
with no N fertilization of current study may be
ascribed to their larger, deeper, and more
vigorous root systems (Yang and Sun 1986;
Zhang et al., 2009) generated with P and K
fertilizers in current study. The large volume
of roots might have enabled hybrid to draws
more soil N (Hunag et al., 2017) while
fertilizer N contributions remained similar for
a hybrid and high yielding variety. Superior
performance of hybrid (KRH-4) at 100 kg N
dose over WGL-14 variety for 3 seasons
(2015, 2016 and 2018) has confirmed that
hybrids have efficient nutrient absorption and
use mechanisms for higher performance at
both low and optimum dose of nitrogen. This
was proved by studies of Hunag et al., (2017).
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From the above study it is concluded that
scope lies for replacing local variety „CARI
Dhan-6‟ by new high yielding cultivars (KRH4 and 28P09) with a yield gain of 28.2-39.2%.
There is linear response to N fertilization up to
150 kg/ha at the site, but 100 kg N was
economically optimum. Cultivar and nitrogen
interaction reveal that scope lies for attaining
current yields with low or no N fertilization by
choosing KRH4 hybrid. KRH-4 and 28P09 are
promising with low and recommended dose of
N, respectively. Above hybrids have exhibited
yield superiority over varieties even at
optimum N dose (100 kg) in experimental
region.
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