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ABSTRACT

A field study was conducted during the rainy (kharif) seasons of 2015 and 2016 at Chiplima, Sambalpur, under
west central tableland zone of Odisha, to evaluate 6 different micronutrient combinations under 4 different irriga-
tion schedules in aerobic rice (Oryza sativa L.). Application of irrigation after 3 rainless days resulted in signifi-
cantly highest grain yield (4.05 t/ha) over all other treatments owing to optimum soil moisture and nutrient avail-
ability. The highest number of panicle bearing tillers/m2 (375.1), panicle length, filled grains/panicle (108.5) and
1,000-grain weight (26.23 g) attributed to the higher yield under this treatment. It also resulted in the highest net
returns ( 30,316/ha), benefit: cost (B:C) ratio of 1.88 and nutrient uptake. Among different levels of micronutrient,
an application of recommended dose of fertilizer (RDF, 80-40-40) kg/ha N, P

2
O

5 
– K

2
O + 5 kg Zn/ha + 0.2% B as

foliar spray (2 sprays) registered significantly highest grain yield of 4.24 t/ha along with higher values of yield at-
tributes such as panicle-bearing tillers/m2 (391.1), panicle length (25.52 cm), filled grains/panicle (117.9) and
1,000-grain weight (26.17 g). It also resulted in higher net return ( 30,362/ha), benefit: cost ratio of 1.89 and nutri-
ent uptake than all the other treatments. Water use was highest in case of irrigation scheduling after 3 rainless
days (91.33 cm) with lowest water productivity (0.43 kg/m3). Out of 6 micronutrient levels, application of RDF (80-
40-40 N, P

2
O

5
 and K

2
O Kg/ ha) + 5 kg Zn/ ha + 0.2 % B as foliar spray (2 sprays) resulted in the highest water pro-

ductivity (0.57 kg/m3) owing to higher yield and low water use. However, the interaction effect was statistically non-
significant.
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In India, Rice is the staple food crop grown in an area
of 44.6 million ha with a production of 104.4 million
tonnes and average productivity of 2.4 t/ha (DACFW,
2017–18). Transplanting is the most common method of
establishment for rice followed in India, which requires a
lot of water to maintain flooding condition throughout the
entire crop-growth period. Most of Asian countries are
facing severe water scarcity, which may pose problem for
sustainability of traditional rice production. Hence, it is
necessary to opt water-saving technologies to make crop
production more sustainable. Among various water-saving
techniques for rice production, aerobic rice is one of the
agro-techniques to cope with increasing shortage of water

supply to agriculture. In this method, rice is grown like
other cereals in non-flooded and unsaturated soil.  Rice
cultivation under aerobic condition requires less water
than conventional irrigation system (Ghosh and Singh,
2010). Each nutrient affects specific function in growth
and development of crop plants, and their inadequacy
leads to reduction in growth and yield. Almost 30% of soil
is zinc deficient, which covers 49 developed and develop-
ing countries of the world (Alloway, 2004). Crop produc-
tion and quality of produce is seriously affected by emerg-
ing deficiency of micronutrients (boron and zinc) all over
the world.  Numerous studies have indicated that zinc de-
ficiency is a serious nutritional problem for upland crops.
There is a decrease in rice productivity due to high analy-
sis fertilizer and reduced micronutrient application
(Bhandari et al., 2003). Zinc and boron are 2 important
micronutrients required by rice crop. Zinc is a major com-
ponent and activates several enzymes involved in meta-
bolic activities. In rice plant, zinc is essential for several
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biochemical processes such as cytochrome and nucleotide
synthesis, auxin metabolism, chlorophyll content, enzyme
activation and membrane integrity.  Boron stimulates en-
zymatic activity, availability of sugar, and respiration,
which leads towards improved pollen growth. Boron is
responsible for better pollination, seed setting and grain
formation in rice. Deficiency of boron in rice plant results
in thinner stems, shorter and fewer tillers and failure to
produce viable seeds. In view of enhancing water produc-
tivity for rice and mitigating micronutrient deficiency, the
present study was carried out to investigate the effect of
irrigation and micronutrient on yield, yield-attributing
characters and water productivity of aerobic rice.

MATERIALS AND METHODS

The field study was conducted during the rainy seasons
(kharif) of 2015 and 2016 at research farm of Regional
Research and Technology Transfer Station, Chiplima,
Sambalpur (20o11’ N-20o20’N and 82o15’E-85o39’E) un-
der All India Coordinated Research Project on Irrigation
Water Management. The rice crop received precipitation
of 598 mm in 19 rainy days and 1493.8 mm in 48 rainy
days, maximum temperature 34.3oC to 32oC and minimum
temperature varied between 20.5oC and 20.7oC during the
kharif 2015 and 2016, respectively. The soil was sandy
loam, slightly acidic in reaction (pH 5.5) with electrical
conductivity of 0.70 dS/m (1 : 2 soil to water). The soil
was medium in organic carbon (wet-digestion method),
available nitrogen (alkaline permanganate-oxidizable) and
zinc (DTPA-extractable) (0.71%, 270 kg/ha and 1.116
ppm, respectively), fairly rich in available P

2
O

5
 (Brays’P),

and K2O (NH4OAc-extractable) (31 kg/ha and 260 kg/ha
respectively), and low (0.09 ppm) in available boron
(DTPA-extractable).

The experiment was laid out in a split-plot design with
3 replications, comprising scheduling of irrigation in main
plot and different combinations of micronutrients in sub-
plots. There were 24 treatments comprising of 4 irrigation
scheduling (irrigation at 3 rainless days interval, irrigation
at 5 rainless days interval, irrigation at 7 rainless days in-
terval and rainfed condition) in main plot and 6 levels of
micronutrient combinations  such as recommended dose of
fertilizer (RDF) [(80-40-40 N,P

2
O

5
 and K

2
O kg/ha)], RDF

(80-40-40) + 5 kg Zn/ha + 0.2% B as foliar spray (2
sprays), RDF (80-40-40) + 5 kg Zn/ha, RDF (80-40-40) +
2.5 kg Zn/ha + 0.2% B as foliar spray (2 sprays), RDF
(80-40-40) + 2.5 kg Zn/ha and RDF (80-40-40) + 0.2% B
as foliar spray (2 sprays) in the subplots. Farmyard manure
@ 5 t/ha was applied to the field. The  N,P

2
O

5
 and K

2
O

were applied at the rate of 80-40-40 kg/ha. The whole
quantity of P

2
O

5
 and K

2
O and half of N along with zinc as

per treatments were applied basal dose to rice crop and the

remaining amount of N was top-dressed in 2 equal splits,
i.e. at tillering and panicle-initiation stage. Boron was ap-
plied twice, i.e. at pre-flowering and flowering stage @
0.2%. The seedlings of 14 days old aerobic rice variety
‘Pyari’ (‘CR Dhan 200’) of mid-early duration (115–120
days) was transplanted at 20 cm × 20 cm spacing. All im-
proved packages of practices were followed to raise the
crop. Ten random plants were selected from each plot,
excluding border row, for taking observation on growth
and yield attributes of aerobic rice . The gross returns ( /
ha) for each treatment combination was calculated taking
into consideration the yield and market price of produce.
The net returns ( /ha) and benefit: cost ratio were calcu-
lated for each treatment combination separately.  The to-
tal uptake of N, P, K, Zn and B by aerobic rice at harvest-
ing for each treatment was computed by N, P, K, Zn and B
content in grain and straw with the respective dry weight
and expressed as kg/ha using the following formulae:

Primary nutrient uptake (kg/ha) = [Nutrient content
(%) × Dry-matter yield (kg/ha)]/100

Micronutrient uptake (g /ha) = [Nutrient content
(ppm) × Dry-matter yield (kg /ha )]/100

All the data with regards to plant-growth characters,
yield-attributing characters, grain yield and straw yield
were recorded and statistically analysed using the analysis
of variance technique.

RESULT AND DISCUSSION

Grain yield and straw yield
There was significant increase in grain yield with appli-

cation of irrigation water over the control. Among main
plot treatments, irrigation at 3 rainless days interval resulted
in the  highest grain yield (4.20 t/ha) over all other treat-
ments, being 32.19% higher over the control (Table 1).
Among the subplots, grain yield increased significantly
over the control with application of different micronutri-
ents. The RDF (80-40-40) + 5 kg Zn/ha + 0.2% B as foliar
spray (2 Sprays) recorded the highest yield (100 L-R)
over the other treatment, which was 40.92% higher than
the control.  Higher straw yield was noted with irrigation
scheduling under rainfed condition, followed by irrigation
scheduling at 3 rainless days interval.

Among micro-nutrient treatments, RDF (80-40-40) + 5
kg Zn/ha + 0.2% B as foliar spray (2 sprays) resulted in
significantly higher straw yield (7.07 t/ha) over all the
other treatments. Malamasuri et al. (2014) reported that,
soil application of ZnSO4 at 12.5 kg/ha along with RDF to
aerobic rice showed higher grain yield and other yield-at-
tributing characters. It could be because of synergetic ef-
fect of zinc along with recommended dose of fertilizer and
improved soil physical properties and higher translocation
of carbohydrates to grains, which ultimately resulted in
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higher grain yield under foliar application of micronutri-
ents. Rashid et al. (2004) observed that, there was a sub-
stantial increase in grain yield of rice due to reduced
panicle sterility after boron application. However, the in-
teraction effect was non-significant.

Yield-attributing characters
Different scheduling of irrigation management resulted in

significant effect on yield attributes, viz. effective tillers/m2,
panicle length, filled grains/panicle and 1,000-grain
weight (g). Irrigation after 3 rainless days resulted in sig-
nificantly higher number of effective tiller (375.1) than all
the other treatments. It also recorded higher number of
grains/panicle, (108.5) panicle length (24.9 cm) and 1,000-
grain weight (26.2 kg) (Table 2). The higher number of
panicle-bearing tillers and grains/panicle might be owing
to availability of water and micronutrients at panicle-dif-
ferentiation stage and good aerated condition at root zone,
which in turn helped to retain more number of panicle-
bearing tillers at harvesting. These results confirm the
findings of Barik et al. (2006). Number of panicles/m2 and
1,000-grain weight increased consistently with increased
water input (Bouman et al., 2006). Aerobic rice variety
‘HD 502’ recorded grain yield of 5.3–5.7 t/ha with 640–
920 mm of total water input and 3–3.6 t/ha with 470–550
mm water (Bouman et al., 2006).

Among different micronutrient combinations, RDF (80-
40-40) + 5 kg Zn/ha + 0.2% B as foliar spray (2 sprays)

resulted in higher number of panicle-bearing (391.1) tillers
over all the other treatments, being at par with RDF (80-
40-40) + 2.5 kg Zn/ha + 0.2 % B as foliar spray (2 sprays)
(314.5. It also recorded the highest number of grains/
panicle, (117.9) panicle length (25.5 cm) and 1,000-grain
weight (26.29 g). More number of grains/panicle and
higher grain weight by boron application might be owing
to involvement of boron in reproductive growth, as boron
improves the panicle fertility in rice (Rehman et al., 2012).
Maximum number of grains/panicle against the control
plots might be owing to the reduction in pollen sterility of
rice and proper grain filling (Rashid et al., 2004). Rashid
et al. (2009) observed increasing trend in number of tillers,
1,000-grain weight and yield with boron application in
rice crop. This might be owing to improved availability of
nitrogen and phosphorus because of their synergistic effect
with boron and zinc. Our results confirm the findings of
Patel et al. (2010)  and Veeresh et al. (2011). However, the
interaction effect was non-significant.

Economics
Pooled data (2 years) revealed that net returns

( 30,316/ha) were the highest when irrigation was given
at 3 rainless days interval. Among subplot treatments,
RDF (80-40-40) + 5 kg Zn/ha + 0.2% B as foliar spray (2
sprays) resulted in the maximum net return of 30,362/ha
over all the other treatments. Irrigation at 5 rainless days
interval recorded the maximum benefit: cost ratio (1.88)

Table 1. Effect of irrigation and micronutrient on yield and yield-attributing characters of aerobic rice (pooled data of 2 years)

Treatment Grain Straw Panicles/ Panicle Filled Test
yield yield m2 length grains/ weight
(t/ha) (t/ha) (Nos.) (cm)  panicle (g)

(Nos.)

Irrigation scheduling
I1, Irrigation after 3 rainless days 4.20 6.51 375.1 24.9 108.5 26.2
I2, Irrigation after 5 rainless days 4.09 6.42 364.5 24.4 103.4 26.2
I3, Irrigation after 7 rainless days 3.81 6.49 343.5 24.2 99.9 26.1
I4, Rainfed condition 3.26 6.67 305.6 23.9 94.8 26.2

SEm± 0.06 0.08 5.73 0.15 1.58 0.06
CD (P=0.05) 0.19 0.26 17.88 0.46 4.76 0.18

Micronutrient level 7.05
N1, RDF (80-40-40) 3.12 6.23 279.8 23.6 94.1 26.1
N2, RDF (80-40-40) + 5 kg Zn/ha + 0.2% B as 4.24 7.05 391.1 25.5 117.9 26.2

foliar spray (2 sprays)
N3, RDF (80-40-40) + 5 kg Zn/ha 3.83 6.40 338.4 24.0 94.3 26.1
N4, RDF (80-40-40) + 2.5 kg Zn/ha + 0.2% B as foliar 4.20 6.43 384.2 24.8 113.4 26.2

spray (2 sprays)
N5, RDF (80-40-40) + 2. 5 kg Zn/ha 3.91 6.41 351.5 24.4 93.3 26.2
N6, RDF (80-40-40) + 0.2% B as foliar spray (2 sprays) 3.73 6.60 338.0 23.9 97.1 26.3

SEm± 0.04 0.09 5.22 0.15 1.66 0.06
CD (P = 0.05) 0.11 0.26 15.75 0.45 4.97 0.18

RDF,  Recommended dose of fertilizer
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among the main plot treatments. Maximum benefit: cost
ratio  (1.89) was recorded with combined application of
boron and zinc i.e. RDF (80-40-40) + 5 kg Zn/ha+ 0.2% B
as foliar spray (2 sprays) over other treatments because of
higher yield obtained in that treatment. Application of
micronutrinutrients resulted in improved performances in
all the treatments, while the effect was more pronounced
in case of more water availability. The application of zinc
and boron was highly cost effective because of low cost so
positive yield and quality impacts were observed. Hussain
and Yasin (2004) also reported that, boron use in rice is
highly economical with value cost ratios of 45 : 1 to 26 :
1 in different rice varieties. This result confirms the find-
ings of Sarwar et al. (2013).

Water requirement and water productivity
Water requirement showed the amount of water used in

individual irrigation scheduling. Pooled data of 2 years
showed that maximum water was used in irrigation sched-
uling at 3 rainless days interval (91.33 cm) and the aver-
age water use for subplot treatments was 77.53 cm.
Bouman et al.(2002) reported that, use of 476–612 mm
total water resulted in grain yield of 4.6–6.6 t/ha on loamy
soils.

The results revealed that irrigation at 7 rainless days inter-
val recorded the maximum water productivity (0.54 kg/m3)
over all other treatments owing to less water use and high
yield. Among the subplot treatments, RDF (80-40-40) + 5
kg Zn/ha+ 0.2% B as foliar spray (2 sprays) achieved  the
maximum water productivity (0.57 kg/m3). Geethalakshmi

et al.(2009) reported that, water productivity of 0.37 kg/m3

and 4.2 kg/m3 in 2 consecutive years in rice hybrid
‘CORH’ under aerobic condition. Similar results were also
reported by Malamasuri et al. (2014), Martin et al. (2007)
and Maragatham et al. (2010). This shows that aerobic
rice cultivation with proper water and micronutrient man-
agement results in higher yield than traditionally antici-
pated.

Nutrient uptake
Among different irrigation scheduling methods, the

uptake of different nutrients such as N, P2O5, K2O, Zn and
B except K

2
O was significantly higher in irrigation sched-

uling at 3 rainless days over all other treatment.  The up-
take by grain and straw was 64.4 and 47.2 kg/ha N, 14.8
and 4.3 kg/ha P2O5, 38.2 and 142.0 kg/ha Zn and 4.9 and
4.3 kg/ha B, respectively, in irrigation scheduling at 3
rainless days. The uptake of K2O by grain and straw (97.3
and 113.1 kg/ha) was higher under rainfed condition.
Among different levels of micronutrient application, RDF
(80-40-40) + 5 kg Zn/ha+ 0.2% B as foliar spray (2 sprays)
resulted in higher nutrient uptake (98.4 and 86.1 kg/ha N
by grain and straw; 15.2 and 4.2 kg/ha P

2
O

5 
by grain and

straw, 21.3, 75.1 kg/ha K2O by grain and straw followed
by RDF (80-40-40) + 2.5 kg Zn/ha + 0.2% B as foliar
spray (2 sprays) (Table 3). This might be owing to positive
interaction of micronutrients with other nutrients. Absorp-
tion of zinc by roots also plays an important role in uptake
of the nutrients.

It was concluded that aerobic rice variety ‘Pyari’ re-

Table 2. Effect of irrigation and micronutrient on economics, water requirement and water productivity of aerobic rice (pooled data of 2 years)

Treatment Net returns Benefit: Water Water
(× 103 /ha)  cost ratio  requirement productivity

(cm) (kg/m3)

Irrigation scheduling
I1, Irrigation after 3 rainless days 30.32 1.88 91.33 0.48
I2, Irrigation after 5 rainless days 28.65 1.86 81.28 0.52
I3, Irrigation after 7 rainless days 24.50 1.75 71.45 0.54
I4, Rainfed condition 23.08 1.73 66.45 0.53

SEm± – – – –
CD (P=0.05) – – – –

Micronutrient level
N1, RDF (80-40-40) 18.32 1.56 77.53 0.45
N2, RDF (80-40-40) + 5 kg Zn/ha + 0.2% B as foliar spray (2 sprays) 30.36 1.89 77.53 0.57
N3, RDF (80-40-40) + 5 kg Zn/ha 26.16 1.77 77.53 0.53
N4, RDF (80-40-40) + 2.5 kg Zn/ha + 0.2% B as foliar spray (2 sprays) 29.39 1.87 77.53 0.56
N5, RDF (80-40-40) + 2. 5 kg Zn/ha 26.94 1.80 77.53 0.53
N6, RDF (80-40-40) + 0.2% B as foliar spray (2 sprays) 24.58 1.73 77.53 0.51

SEm± – – – –
CD (P=0.05) – – – –

RDF,  Recommended dose of fertilizer
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sponded positively to different scheduling of irriga-
tion. Irrigation scheduling at 3 rainless days interval
performed best amongest the different irrigation
scheduling. Application of zinc and boron had a
positive effect on nutrient uptake and productivity.
Application of  RDF (80-40-40) + 5 kg Zn/ha +
0.2% B as foliar spray (2 sprays) proved promising
in optimizing aerobic rice productivity in sandy-
loam soils of western central table land zone of
Odisha.
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