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A two-year field experiment was conducted during boro seasons of 2015 and 2016 at
Research Farm of Institute of Agriculture, Visva-Bharati University, Sriniketan, West
Bengal, India. The experiment was laid out in a Randomized Block Design with three
replications and fifteen treatments in a typical Lateritic soil of West Bengal. The soil
properties of the experimental site ware sandy loam with acidic in reaction; low in organic
carbon, low in available nitrogen, phosphorus, potassium, sulphur and boron; medium in
available zinc. After harvesting of boro rice, soil samples were analyzed for soil reaction,
electrical conductivity, organic carbon, available N, P, K, S, B and Zn. Application of 2.2
kg B ha-1, 4.2 kg Zn ha-1, 0.26 kg Mo ha-1, 20 kg S ha-1, RDF along with 2.5 t
Vermicompost ha-1 and 6 kg Azospirillum ha-1 were showed significantly highest grain
yield of boro rice. i.e. 6.66 t ha-1 (T13) followed by T12, T11, T8, T5, T9, T6, T4, T14, T7, T10,
T15, T3, T2 and T1. Integrated nutrient management increased the availability of N, P, K, S,
B and Zn in soil and also increased the yield of boro rice.

Introduction
The major challenges in 21st century are food
security, environmental quality and soil
health. Rice is an important staple food crop
of the tropical world. Over 90 per cent of the
world’s rice is produced and consumed in the
Asia-Pacific Region (FAO, 2017). In 2018,
more than 48 million tonnes of rice will be
consumed worldwide, according to the
USDA. Rice is currently grown in over a
hundred countries that produce more than 752
million tons of paddy rice annually (Fig. 5).
Overall rice production in Asia is expected to

reach 686.1 million tonnes (FAO 2017) and in
India it is estimated at 109.7 Million tons
(IGC 2018). Among rice suppliers, India is
expected to remain the world’s top exporter
(Fig. 4).
The world’s population will hit 9 billion by
2050 (Dubois 2011). In order to feed this
escalating population, the world requires a
global revolution and cereal production
potential must increase. Rice (Oryza sativa
L.) is the staple food of more than 60% of the
world’s population and provides up to 50% of
the dietary caloric supply for millions living
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in poverty (Muthayya et al., 2014). Rice
annual deficit is estimated to increase from
400000 t in 2016 to 800000 t by 2030 (Thirze
2016). According to a comprehensive study
conducted by the Food and Agricultural
Policy Research Institute, demand for rice is
expected to continue to increase in coming
years, at least up until 2035 (Cago, 2017).
Sustained by growing food use, world rice
utilization is expected to expand by 1.0 % in
2018/19 to 509.5 million tonnes (Fig. 6).
Indian soils were more or less deficiency of
primary nutrients (Nitrogen, Phosphorous and
Potassium). Besides the three primary
nutrients, deficiency of Sulphur and micro
nutrients like Zinc and Boron in many of
States, and of Iron, Manganese and
Molybdenum in some States, has become a
limiting
factor
in
increasing
food
productivity.
Red and lateritic soils represent 70 million ha
of the land area in India (Sehgal, 1998). These
soils are usually less productive soil due to
coarse in soil texture, low water holding
capacity, acidic in soil reaction, poor
availability of N, P, K, S and B also, medium
to high in soil available zinc, low soil organic
C percentage, and both excessive and
inadequate levels of several secondary and
trace elements. A large area under this soil
group in West Bengal remains in fallow or is
mono- cultivated with kharif rice. However,
productivity of rice in these soils is low due to
multi-nutrient deﬁciencies and other allied
problems.
Fertilizer use was started in the country with
the start of planning process in early fifties.
However, only negligible quantities were
consumed during initial years. Increased
agricultural
production
worldwide,
particularly in the developing world with a
remarkable success was achieved during
Green Revolution or Third Agricultural

Revolution beginning most markedly in the
late 1960s with the adoption of high yielding
variety of seeds (specially wheat) and rice’s,
in association with chemical fertilizers and
agro-chemicals, and with controlled watersupply and credit to the farmers, brought
about increased food production. By 2010-11,
production of food grain had increased 4.8
times.
After nitrogen (N), phosphorus (P) and
potassium (K), widespread zinc (Zn)
deficiency has been found responsible for
yield reduction in rice (Fageria et al., 2002
and Quijano-Guerta et al., 2002). The
increased in yield might be due to positive
effect of zinc on yield attributes as it plays an
important role in metabolic process (Shanti et
al., 2008 and Ahmed et al., 2013). Zinc
increased significantly with increasing Zn rate
in the soil (Fageria et al., 2011). Boron has a
role in carbohydrate, fat and protein
metabolism and formation of compounds with
sugar and organic acids. Boron deficiency
disturbs the meristamatic action of the
growing point and affects the pollen
formation
resulting
immature
grains
(Yamasaki, 1964). Each increment in sulphur
level significantly improved sulphur content
in rice shoot at all the crop growth stages as
well as in grain and straw at harvest (Chandel
et al., 2003). The sulphur content in rice shoot
was initially higher at early growth stages
while it decreased with the advancement in
age of crop and reached its minimum level at
crop harvest. It may be simply due to dilution
effect (Singh et al., 1993). In acid soils Mo is
present but relatively unavailable to plants.
Seeds used to plant a crop may contain
sufficient Mo to prevent subsequent Mo
deficiency in the crop even when they are
sown on Mo deficient soils (Jongruaysup et
al., 1997).
A traditional method of rice cultivation
without organic sources has a significant
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impact on soil quality as well as productivity.
Therefore, integrated nutrient management
hopefully could contribute to improve the soil
health and maximization of crop yield as well
as adoption of boro rice. This is a very useful
option in lateritic zone where soil is low in
organic carbon, poor in fertility and highly
degraded. In this regions local farmers use
only inorganic fertilizers for accelerating
yield potential. Judicious use of specific N-PK fertilizers fails to sustain soil health and
productivity but combined use of N-P-K
fertilizers
along
with
micronutrients,
vermicompost and bio-fertilizers could
produce higher yields and similarly improve
the soil fertility. With this view, the present
study was conducted.
Materials and Methods
A field experiment was carried out during
boro season of 2015 and 2016 in Agricultural
Research Farm of the Institute of agriculture,
Visva-Bharati, Sriniketan, Birbhum. The
experimental site was situated at 23°29´ N
latitude and 87°42´ E longitude with an
average altitude of 58.9 m above the mean sea
level under sub humid semi-arid region of
West Bengal. The soil properties of the
experimental site were sandy loam in texture,
acidic in soil reaction (pH 4.9) and low in
organic C (0.28%). The soil was low in
available N (175 kg ha-1), P (12 kg ha-1), K
(85 kg ha-1), S (6.2 kg ha-1), B (0.4 mg kg-1)
and medium in available Zn (2.13 mg kg-1).
The detailed treatments combination tested in
the present experiment are given in table 1.
The pH of the soils were determined by using
soil water suspension (1:2.5) following the
method of Jackson (1973), organic carbon
(OC) was determined by wet digestion
method of Walkey and Black (1934) as
described by Jackson (1973), available N
content of the soils were estimated by alkaline
potassium permanganate method of Subbaiah

and Asija (1956), available P content of soil
samples were estimated by Bray and Kurtz
(1945), available K of soil samples were
determined using 1 N NH4OAc (1:5 : : soil:
neutral normal ammonium acetate) extract of
the soil using flame photometer (Jackson
1973), available S in the soils were extracted
using 0.15% CaCl2 solution by Williams and
Steinberg (1959) and soil extract was
determined using turbidimetric method of
Chesnin and Yien (1951), available B content
of the soils were estimated by hot water
extractable method (Page et al., 1982) and
DTPA extractable available Zn of soils were
assessed by the procedure of Lindsay and
Norvell (1978). The collected data were
analysed statically and the mean values were
compared by DMRT (p≤0.05) by using the
SPSS (IBM SPSS Statistics, Version 25)
software package.
Results and Discussion
The result sowed that grain yield (pooled) of
boro rice increased significantly from 4.93 t
ha-1 (T1) to 6.66 t ha-1 (T13) and similar result
observed in the year of 2015 and 2016 (Fig.
1). The increasing order of yield of boro rice
(t
ha-1)
in
as
follows:
T13>
T12>T11>T8>T5>T9>T6>T4>T14>T7>T10>T15>
T3>T2>T1 (Table 1).
The DMRT of grain yield (pooled) of boro
rice is also provided (Table 2) five subset
among fifteen different treatments, showed
that yield of the treatments listed in the same
subset are not significantly different. So,
subset e, which consists T11, T12, T13 is
significantly different from subset a (T1) as
well as others subset i.e. b, c and d. As a
result from Table 2, application of all
nutrients (macro and micro), organic manure
and bio-fertilizers in an integrated manner
obtained significantly highest yield (pooled)
of boro rice in T13 and this was the best
treatment over control. Harmonic mean
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sample size =6.00 and a significant result has
been found F (14, 56) =10.88, P<0.001. The
result is (highly) significant.

low soil pH due to large number of hydrogen
ions in the soil may encourage soil electrical
conductivity.

Application of 2.2 kg B ha-1, 4.2 kg Zn ha-1,
0.26 kg Mo ha-1, 20 kg S ha-1, RDF along
with 2.5 t Vermicompost ha-1 and 6 kg
Azospirillum ha-1 were obtained significantly
higher straw yield (pooled) of boro rice i.e.
7.05 t ha-1 than control (5.50 t ha-1) and more
or less similar results obtained in both year
(Fig. 2) and biological yield (pooled) of boro
rice increased significantly from 10.43 t ha-1
(T 1) to 13.71 t ha-1 (T 13) i.e. proportional
with the year of 2015 and 2016 (Fig. 3). The
maximum rice yield increased with combined
application of sulphur and zinc over control
(Mondal et al., 2004 and Singh et al., 2011).

Result (pooled) of soil organic carbon (OC)
was recorded after harvesting the boro rice for
(Table 3). The changes in the amount of soil
OC also showed similar trend. Pooled data
(Table 3) showed that percentage OC in soil
was significantly highest in the treatment T11,
where 2.5 t ha-1 vermicompost was used along
with T10 (N, P, K, S, Zn, B and Mo) and
highest OC was 0.36% and lowest was
0.29%. Mohd Aizat et al., (2014) observed
that, in acidic soil condition, soil microbial
biomass C and biomass N were related
positively in the form of power function with
soil pH and negatively with soil electrical
conductivity.

It was observed that soil pH (pooled) ranges
from 4.91 (T1) to 5.26 (T4 and T7). The pooled
results (Table 3) showed that the soil pH
under boro rice was positively increased, of
all the treatments of INM, over control in a
lateritic soil, indicating the application of
fertilizers in an integrated manner to soils
which not only decreased the soil acidity but
increase the rate of nutrient availability.
Wardle (1992) showed that the soil pH is
probably at least as important as soil N and C
concentrations in influencing the size of soil
microbial biomass.
The effect of different treatments on soil
electrical conductivity (EC) by boro rice crop
in INM showed (Table 3) that the soil EC
(pooled) ranged from 0.08 dS m-1 to 0.15 dS
m-1. According to Bruckner (2012), lower soil
pH indicates larger number of hydrogen ions
in the soil.
Hydrogen ions can appear in varying amount
in the soil environment which can affect the
level of electrical conductivity. Higher
amount of hydrogen ions in the soil will show
a higher rate of electrical conductivity. Hence,

Soil available nitrogen (pooled) in T15 was
highest i.e. 294.79 kg ha-1 after harvest of
boro rice (Table 3) where Azospirillum used
as a biofertilizer along with RDF
(N:P:K::80:40:40). The effects of different
treatments on soil available phosphorus of
boro rice are presented in Table 3. Result
revealed that the soil available phosphorus
(pooled) was highest in T12 (N, P, K, S, Zn, B,
Mo, VC and Azotobacter) i.e. 23.83 kg ha-1
and lowest (15.35 kg ha-1) in control (T1) plot,
which is without fertilizers. Pooled data
(Table 3) showed that the available potassium
content in soil after harvest of boro rice
ranges from 56.74 kg ha-1 to 78.20 kg ha-1 and
highest in T9 with application of RDF + B
(2.2 kg ha-1) +Zn (4.2 kg ha-1) + Mo (0.26 kg
ha-1). Biofertilizer helps in nitrogen fixation,
synthesize and secrete many amino acids
which influence seed germination, plant
growth and yield (Sardana 1997).
The highest available sulphur (pooled) was
26.94 kg ha-1 and lowest was 13.07 kg ha-1
(Table 3). The highest value of available S
was recorded in the plots receiving all
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nutrients used in INM except Azospirillum.
The sources of S viz. Gypsum, Magnesium
sulphate and Single superphosphate and levels
of sulphur (0, 20, 40, 60 and 80 kg S ha-1)

application not only increase the available
sulphur status over control, but also over
initial soil sulphur status (Bera et al., 2015).

Table.1 Treatment details of the experiment

Treatments
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15

Inorganic/Organic/Bio-inoculant input combinations
Control
RDF*
RDF* + B2.2
RDF* + Zn4.2
RDF* + S20
RDF* + Mo0.26
RDF* + Vermicompost2.5**
RDF* + B2.2 + Zn4.2
RDF* + B2.2 + Zn4.2 + Mo0.26
RDF* + B2.2 + Zn4.2 + Mo0.26 + S20
RDF* + B2.2 + Zn4.2 + Mo0.26 + S20 + Vermicompost2.5**
RDF* + B2.2 + Zn4.2 + Mo0.26 + S20 + Vermicompost2.5** + Azotobacter6
RDF* + B2.2 + Zn4.2 + Mo0.26 + S20 + Vermicompost2.5** + Azospirillum6
RDF* + Azotobacter6
RDF* + Azospirillum6

Table.2 Effect of integrated nutrient management on grain, straw and biological yield of boro
rice in a lateritic soil of West Bengal (pooled)
Grain (t ha-1)
Straw (t ha-1)
Treatment
e
4.93
5.50d
T1
6.01d
6.51c
T2
cd
6.08
6.59bc
T3
bcd
6.22
6.58c
T4
bcd
6.26
6.59bc
T5
bcd
6.24
6.78abc
T6
cd
6.14
6.60bc
T7
bcd
6.29
6.72abc
T8
bcd
6.25
6.62bc
T9
6.13cd
6.70bc
T10
abc
6.41
6.82abc
T11
ab
6.59
6.95bc
T12
a
6.66
7.05a
T13
cd
6.20
6.58c
T14
cd
6.11
6.52c
T15
0.17
0.16
SEm±
0.33
0.31
C.D. at 5%
4.67
4.06
C.V. (%)
Means sharing different letter differed significantly at p≤0.05.
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Biological (t ha-1)
10.43e
12.52d
12.67cd
12.80cd
12.86cd
13.02bcd
12.74cd
13.01bcd
12.88cd
12.83cd
13.24abc
13.54ab
13.71a
12.78cd
12.63cd
0.29
0.58
3.9
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Table.3 Effect of integrated nutrient management on soil pH, EC, OC and available N, P, K, S, Zn and B of boro rice in a lateritic soil
of West Bengal (pooled)

pH (1:2.5)

EC
(dS m-1)

OC
(%)

N
(kg ha-1)

P
(kg ha-1)

K
(kg ha-1)

S
(kg ha-1)

Zn
(mg kg-1)

B
(mg kg-1)

T1

4.91

0.15

0.29

263.42

15.35

66.09

13.07

2.10

0.22

T2

5.11

0.13

0.32

284.33

20.32

56.74

15.56

2.44

0.32

T3

5.12

0.10

0.29

238.76

17.86

59.07

17.15

2.41

0.42

T4

5.26

0.09

0.31

252.97

21.81

63.51

20.77

3.13

0.33

T5

5.18

0.08

0.30

238.34

17.65

70.69

23.29

2.35

0.32

T6

4.94

0.13

0.35

267.61

18.44

63.40

18.69

2.39

0.31

T7

5.26

0.09

0.33

261.33

17.47

58.55

20.45

2.71

0.34

T8

5.19

0.10

0.31

242.52

18.69

67.41

23.04

3.15

0.33

T9

5.15

0.12

0.35

269.70

17.17

78.20

21.56

2.68

0.32

T10

5.12

0.14

0.34

255.06

20.35

63.25

25.74

2.79

0.32

T11

5.04

0.14

0.36

278.06

21.95

76.73

25.57

3.12

0.36

T12

5.14

0.13

0.32

259.24

23.83

68.58

26.94

3.02

0.35

T13

5.10

0.11

0.29

267.19

18.38

60.98

25.00

2.97

0.33

T14

4.98

0.13

0.32

284.33

20.34

57.31

18.89

2.31

0.28

T15

5.08

0.09

0.34

294.79

17.79

71.86

18.69

2.36

0.27

SEm±

0.09

0.02

0.03

22.91

2.03

5.8

0.92

0.20

0.02

C.D. at 5%

0.18

NS

NS

NS

4.06

11.63

1.84

0.40

0.04

C.V. (%)

3.09

35.80

17.07

15.04

18.34

15.35

7.58

13.13

9.84

Treatment
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Figure 1. Effect of integrated nutrient management on grain
yield of boro rice in year of 2015 and 2016
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Figure 2. Effect of integrated nutrient management on straw
yield of boro rice in year of 2015 and 2016
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Figure 3. Effect of integrated nutrient management on biological
yield of boro rice in year of 2015 and 2016

Fig.4 Major rice exporters and importers (FAO 2018)
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Fig.5 Global paddy production area (FAO 2018)

Fig.6 Global rice production utilization and stocks (FAO 2018)
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Available zinc content (pooled) in the soil
after harvest the boro rice ranged from 2.10
mg kg-1 in T1 to 3.15 mg kg-1 in T8. Available
zinc significantly increased in T8, T4, T11 and
T12 where content was Zn> 3 mg kg-1
compared to other treatments. Effect of
integrated nutrient management on the soil
available boron revealed that the highest
available boron content (0.42 mg kg-1) with
application of RDF and boron@ 2.2 kg ha-1
along with RDF (T3). Addition of S + Zn + B
in balanced fertilization schedule increased N,
P and K utilization efficiency which
highlights the role of micronutrients in
increasing macronutrient use efficiency
(Shukla, 2011).
In conclusion the present study was
concluded that the soil health has been
improved through INM incorporated with
organic, inorganic and bio-inoculant as
compared to inorganic application. It is the
best approach among other practices of rice
cultivation to sustain the soil health through
INM, which will increase the availability of
N, P, K, S, B and Zn in soil and also increases
the yield. So, INM practices can be advocated
to improve the soil health and socio-economic
level of farmers. INM can also be used as part
of the global strategy to ensure food security
and protect the environment.
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