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A field experiment conduct during the year of 2013-14 and 2014-15 under field conducted
at Agricultural Research Farm, Banaras Hindu University, Varanasi, to study the effect of
phosphorus and sulphur organo- mineral fertilizers on yield and apparent recovery of green
gram. Data revealed that treatment T, (50%RDF+P-OMF @10.0 qha‘l + S-OMF @10.0

Yield gha™) showed maximum grain, biological yield, P and S-use efficiency and P and S-
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production.

apparent recovery followed by T3 (50%RDF+ P-OMF@5.0 gha™ + S-OMF @5.0 gha™),
Ty (75% RDF+P-OMF @10.0 gha™+ S-OMF @10.0 gha™) and T, (75%RDF+ P-OMF
@5.0 gha™+ S-OMF @5.0 gha) for direct green gram over control (T). The results
showed that the combined application of combination (T16) (50%RDF+P-OMF @10.0 g
ha’ + S-OMF @10.0 gha™) can be used as efficient fertilizer consortium for Green gram

Introduction

Pulses are the basic ingredient in the diets of a
vast majority of the Indian population, as they
provide a perfect mix of vegetarian protein
component of high biological value when
supplemented with cereals. Pulses are also an
excellent feed and fodder for livestock.
Endowed with the unique ability of biological
nitrogen fixation, carbon sequestration, soil
amelioration, low water requirement and
capacity to withstand harsh climate, pulses
have remained an integral component of
sustainable crop production system since time

immemorial, especially in the dry areas. They
also offer good scope for crop diversification
(grow profitably in relatively low-input
management conditions) and intensification
(short growing period). India is the largest
producer of pulses in the world, with 24%
share in the global production. The important
pulse crops are chickpea (48%), pigeonpea
(15%), mungbean (7%), urdbean (7%), lentil
(5%) and field pea (5%). The major pulse-

producing states are Madhya Pradesh,
Maharashtra, Rajasthan, Uttar Pradesh,
Karnataka and Andhra Pradesh, which

together account for about 80% of the total
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production. For mungbean, Uttar Pradesh
(18%), Andhra Pradesh (13%), Madhya
Pradesh (8%) and Maharashtra (6%) showed
impressive perform in production (Ali and
Gupta, 2012).

The key role of nutrient in the phenomenal
growth in food production in developing
countries is well established in India however,
the cost of fertilizers, particularly P and S
fertilizers is very high because of non-
availability of raw materials suitable for
production of conventional phosphatic and
sulphur fertilizers. India has large deposits of
rock phosphate (RP), most of which are low-
grade and unsuitable for manufacturing of
commercial P-fertilizers because of their low
P content and low reactivity (Narayanasamy
and Biswas, 1998). Rock phosphates for direct
application are effective in acid soils.
However, a minimum processing is required
before application in non-acid soils. Some
alternative methods for improving low-grade
RP are by partial acidulation, thermal
alteration (Reddy et al., 2000); blending with
water-soluble fertilizers, dry compaction of
RP with water-soluble P fertilizers and
preparation of RP-enriched compost (Biswas
and Narayanasamy, 2006).

Preparation of rock phosphate and pyrite
enriched compost or P/S-organo mineral
fertilizers (OMF)could be an option to
improve soil quality by increasing microbial
activities as well as physical and chemical
properties of the soil, thereby provides better
soil environment for growth and development.
However, very limited information is available
on preparation of organo mineral fertilizers
using crop residues mixed(rice straw) with
rock phosphate and pyrite along with
microbial inoculation to enhance
biodegradation process of organic matter as
well as to improve the quality of product, an
area that requires thorough investigation.
Hence, it is important to develop a suitable

technique for preparation of good quality of
compost in the shortest possible time and
evaluate its effectiveness as source of nutrients
for crop production under intensive cropping
system for improving soil health.

Composting is recognized as an economical
and sustainable option for waste management
as it is easy to undertake and can be conducted
in the local site of the produce (Singh and
Amberger, 1998; Biswas et al., 2009).
However, traditional composts prepared from
farm wastes have low nutrient content,
particularly P and S and these nutrients need
to be enriched. Therefore, compost may be
prepared from rice straw enriched with rock
phosphate and pyrite using cellulose,
degrading phosphate solubilizers and sulphur
dissolving microorganisms  such as
Trichoderma, PSB and Thiobacilli spp.

The rock phosphate (RP) and pyrite enriched
compost in plant nutrition is now attracting the
attention of agriculturists and soil scientists
throughout the world. The cost of chemical
fertilizer has increased in recent times
throughout the world in general, and India in
particular. Therefore, it is the need of the day
to find an alternate source of phosphate and
sulphate fertilizers.

Recycling of agricultural and industrial wastes
for crop production is gaining in recent years
because of shortage of nutrients and high cost
of chemical fertilizers (Biswas, 2011). In
India, around 600-700 Mt of agricultural
waste is available including 250 Mt of crop
residues every year. The conversion of rice
straw into value added compost may have the
potential to improve productivity of the crops
and reduce environmental pollution. Biswas
and Narayanasamy (2006) have made to
produce compost from rice straw enriched
with natural mineral and bio inoculant which
may serve as a supplement source of plant
nutrients.
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The organo-mineral fertilizers (OMF) are a
better alternative to inorganic fertilizers as it
improve not only soil but also increase its
organic matter content. The applications of
OMF improve the physical, chemical and
microbiological properties of the soil. The
important role of OMF is to improve the yield
and quality of different crops and enrich
nutrient status of soil. Organo-mineral
fertilizers (OMF) offer several advantages
over organic amendments or mineral
fertilizers. They improve plant-mineral
interaction by reducing mineral absorption of
nutrients (Patel and Thakur, 2003). The
organo-mineral fertilizers in the soil provide
structure and forms stable aggregates. This
provides the conducive environment for the
survival of living organisms. Currently many
efforts are being made in order to restore
fertility and productivity of soil using this
technique. A good alternative of management
of alluvial soils in an eco-friendly way is to
use various types of organo-mineral fertilizers.

Strategies for the production and application
of organo-mineral fertilizers need to be
developed to optimize their agronomic
performance and to minimize potential
environmental risks arising from their use. It is
understood that the development of OMF
products constitutes a sustainable approach
towards the efficient use of organic resources
in agriculture. The development of OMF
represents a significant technological change
to the way rice straw/crop residue is currently
being recycled to agriculture and it appears to
be in line with current aspect to enhance the
environment and soil health quality.

Materials and Methods

The field experimentation on was conducted at
the Agricultural Research Farm, Institute of
Agricultural ~ Sciences, Banaras Hindu
University, Varanasi during kharif season of
2013-14 and 2014-15. The sixteen treatments

combination of recommendation dose of
fertilizers, the level of phospho-organo-
mineral fertilizer and two level of sulphur
organo-mineral fertilizer viz. T1-Control, T,-
50% RDF, T3-75% RDF, T4-100% RDF, Ts.
75% RDF + P-OMF @ 5.0 q ha™, Te-75%
RDF + S-OMF @ 5.0 q ha™, T7-75% RDF +
P-OMF @ 5.0 q ha’ + S-OMF @ 5.0 q ha™,
Tg-75% RDF + P-OMF @ 10.0 q ha™, Tq-75%
RDF + S-OMF @ 10.0 q ha, T10-75% RDF +
P-OMF @ 10.0 g ha’ + S-OMF @ 10.0 g ha™,
T11-50% RDF + P-OMF @ 5.0 q ha™, Tio-
50% RDF + S-OMF @ 5.0 q ha™, T13-50%
RDF + P-OMF @ 5.0 g ha™ + S-OMF @ 5.0 q
ha?, T1,-50% RDF + S-OMF @ 10.0 q ha™,
T15-50% RDF + P-OMF @ 10.0 q ha™, Ty-
50% RDF + P-OMF @ 10.0 q ha™ + S-OMF
@ 10.0 q ha™. Green gram (Vigna radiata L.
Wilczek) variety HUM-12 developed at
Department of Genetic and plant breeding,
Institute of Agricultural Sciences, Banaras
Hindu University, Varanasi was used in the
study. This variety suits well in drained
rainfed condition, fits in the green gram-
wheat cropping system of Northern India. The
treatments considered of recommended dose
of fertilizers (50, 75 and 100 %) individually
or in combination of P-OMF and S-OMF,
Organo-mineral fertilizers each @ 5.0 q ha™
and10.0 g ha™* were applied in soil at the time
of sowing of Green gram only. Full dose of
phosphorous in the form of di-ammonium
phosphate @ 60 kg ha™and potassium in the
form of sulphate of potash @ 40 kg ha™ and
half dose of nitrogen through urea were
applied as basal dose at the time of sowing.
The half dose of nitrogen was applied after
first and second irrigation. All the data
reported in the manuscript were analysed
statically applying Randomized Block Design
(RBD) by the method of "Analysis of
Variance" as described by Gomez and Gomez
(1984). The statistical significance of the
treatment effect was judged with the help of
variance ratio test. Critical Difference (C.D.)
at 0.05% level of significance was worked out
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to determine the difference between treatment
means.

Results and Discussion
Grain yield (q ha™)

Yield is a function of complex inter-
relationships of its components, which are
determined from the growth in vegetative
phase and its subsequent reflection in
reproduction phase of the plant. Vigorously
growing plants are able to absorb larger
quantity of mineral nutrients through well-
developed root system. Hence, grain yield is
directly used for assessing the productivity of
soil in different kind and rates of fertilizer
applications.

The grain yield in green gram varied between
6.47 to 14.74 q ha™ (Table 1). The maximum
grain yield was also recorded with Ty
(50%RDF+ P-OMF @10.0 gha® + S-
OMF@10.0 gha™) recorded with during both
the year of experiment. The minimum grain
yield was observed in T, A valid reason for
enhanced grain yield due to applied P and S
organo-mineral fertilizers over out in soil.
Kushwaha (2007) also found similar results
that the increase in yield attributing characters
and vyield in higher levels of rock phosphate
with PSB and their interaction with organic
manures were attributed to the increased
availability of phosphorus which also
favoured the symbiotic N, fixation and higher
growth of plants, thereby had positive effect
on yield and attributes.

Biological yield (q ha™) and harvest index
(%)

The maximum biological yield and harvest
index of green gram were and 48.53 to 30.38 q
ha™ with application 50 % RDF along with
application 10 q ha' each P and S
organomineral fertilizers (T16). The minimum

biological yield obtained in 20.46 g ha™ (Table
1). The treatment Tis, Ti0 T13 and Tis had
significantly as per increase over the control
(To).

There was a very close relation between the
yield and its components, especially with
number of grains per pods. The improved
growth attributes, i.e. plant height and 1000
grain  weight, might be responsible for
improved yield attributes. It was found that
application of P and S Organo-mineral
fertilizers improved various yield parameters
resulting in an increase of grain yield. Increase
in yield can be ascribed to the beneficial
effects of added through organic mineral
fertilizers in soil. Significant increase in straw
yield might be due to the availability of
nutrients to the crop in sufficient amount by
the organomineral fertilizers application.
Significant and positive correlation existed
between grain yield and some important yield
attributes such as number of pods per plant,
number of seeds per pod, test weight, haulm
yield and provided the support for higher seed
yield. The higher biological and harvest index
may probably due to combined application of
RDF along with organomineral fertilizers.

These results are in conformity with the
findings of Yadav (2013), Saravanan and
Panneerselvam (2014). The higher vyields of
crops obtained in enriched compost treated
plots were possibly caused by other benefits of
organic matter exceeding P and S supply, such
as improvements in microbial activities, better
supply of secondary and micronutrients, which
are not supplied by 100% RDF, and lower
losses of nutrients from the soil (Yadav et al.,
2002; Singh, 2004).

Phosphorus use efficiency
Phosphorus use efficiency in green gram

varied from 3.17 to 24.53 (kg grain kg™
applied P).
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Table.1 Effect of phosphorus and sulphur organo-mineral fertilizers on grain, biological yield and harvest index of green gram

Grain (q ha) Biological Yield (g ha™) Harvest Index (%6)
2013-14 2014-15 Pooled 2013-14 2014-15 Pooled 2013-14 2014-15 Pooled
6.41 6.52 6.47 20.19 20.73 20.46 31.75 31.45 31.60
7.42 7.41 7.42 21.24 21.92 21.69 34.93 33.80 34.37
751 7.65 7.58 24.76 24.51 25.32 30.33 31.21 30.77
8.06 8.78 8.42 27.96 30.08 29.26 28.83 29.19 29.01
8.25 9.14 8.70 28.89 28.87 28.88 28.56 31.66 30.11
10.38 11.02 10.70 34.24 33.14 34.70 30.32 33.25 31.78
9.75 10.02 9.89 32.18 33.16 32.17 30.30 30.22 30.26
10.42 11.20 10.81 33.03 36.16 34.03 31.55 30.97 31.26
10.39 10.14 10.27 33.05 33.3 32.86 31.44 30.45 30.94
T 10.77 10.78 10.78 34.31 34.97 34.56 31.39 30.83 31.11
T, 10.91 11.89 11.40 37.25 37.76 37.53 29.29 31.49 30.39
11.62 11.85 11.74 39.6 38.51 39.06 29.34 30.77 30.06
Tis 12.11 12.47 12.29 41.12 41.48 40.82 29.45 30.06 29.76
13.78 14.03 13.91 46.12 46.25 45.17 29.88 30.34 30.11
13.41 13.52 13.47 43.16 47.3 4355 31.07 28.58 29.83
Tis 14.50 14.98 14.74 47.62 49.43 48.53 30.45 30.31 30.38
0.32 0.34 0.33 1.06 111 1.08 0.92 0.93 0.92
CD(P=0.05 0.93 0.97 0.95 3.07 3.20 3.11 2.66 2.67 2.67
T,-Control T5.75%RDF+ P-OMF@5.0gha™ To-75%RDF+S-OMF @10.0gha™ T15-50%RDF+P-OMF@5.0 gha™*+S-
OMF@5.0gha™
ST Te-75%RDF+S-OMF@5.0gha™ T10-75%RDF+P-OMF@10.0gha+S-OMF@10.0gha®  T1,-50%RDF+S-OMF@10.0 gha™
WEAEY T,-75%RDF+P-OMF@5.0gha+S-  T13-50%RDF +P-OMF@5.0gha™ T15-50%RDF+P-OMF@10.0 gha™
OMF@5.0gha™
T T,-75%RDF+P-OMF@10.0gha™ T1,-50%RDF +S-OMF@5.0gha™ T16-50%RDF+P-OMF@10.0 gha™+S-
100%RDF OMF@10.0gha™

S-OMEF-Sulphur organo mineral fertilizer
P-OMF-Phosphorus organo mineral fertilizer
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Table.2 Effect of phosphorus and sulphur organo-mineral fertilizers on P and S- use efficiency by green gram

Treatment
_ 2013-14 2014-15 Pooled 2013-14 2014-15 Pooled
0.0 0.0 0.0 0.0 0.0 0.0
3.37 2.97 3.17 14.03 15.01 14.52
2.44 251 2.48 10.38 11.36 10.87
2.75 3.77 3.26 11.46 12.44 11.95
3.93 5.59 476 17.36 18.34 17.85
8.82 10.00 9.41 23.50 24.48 23.99
7.13 7.47 7.30 24.19 25.17 24.68
8.23 9.60 8.92 27.83 28.68 28.255
8.84 8.04 8.44 30.50 31.35 30.925

Tio 8.95 8.74 8.85 31.41 32.26 31.835
14.12 16.85 15.49 32.50 33.35 32.925
T 17.37 17.77 17.57 33.73 34.58 34.155
Tis 16.90 17.64 17.27 34.54 35.22 34.88
21.85 22.27 22.06 35.36 36.04 35.7
Tis 23.33 23.33 23.33 36.07 36.75 36.41
23.98 25.08 24.53 37.61 38.29 37.95
1.06 1.00 1.03 0.86 0.90 0.88
3.07 2.89 2.98 2.49 2.61 2.55

T,-Control

T5.75%RDF+ P-OMF@5.0gha” To-75%RDF+S-OMF @10.0gha’ T13-50%RDF+P-OMF@5.0 gha
OMF@5.0gha*

O Te-75%RDF+S-OMF@5.0gha™ T10-75%RDF+P-OMF@10.0gha™+S-OMF@10.0gha™  T1,-50%RDF+S-OMF@10.0 gha™

5

AT T,-75%RDF+P-OMF@5.0gha+S-  Ty3-50%RDF +P-OMF@5.0gha™ T15-50%RDF+P-OMF@10.0 gha™
OMF@5.0gha™
Te-75%RDF+P-OMF@10.0gha™  Ty,-50%RDF +S-OMF@5.0gha™ T16-50%RDF+P-OMF@10.0 gha™+S-
100%RDF OMF@10.0gha™

S-OMF-Sulphur organo mineral fertilizer
P-OMF-Phosphorus organo mineral fertilizer
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Table.3 Effect of phosphorus and sulphur organo-mineral fertilizers on apparent P and S- recovery by green gram

Treatment
_ 2013-14 2014-15 Pooled 2013-14 2014-15 Pooled
0.00 0.00 0.00 0.0 0.0 0.0
1.49 2.90 2.24 6.94 5.42 6.18
3.56 3.27 3.72 8.87 8.49 8.68
6.34 3.27 4.84 10.42 12.29 11.36
8.08 4.84 6.11 18.21 17.45 17.83
12.09 5.91 8.59 28.18 31.29 29.74
12.91 6.79 9.08 34.84 22.45 28.65
14.27 6.61 9.37 45.66 31.94 38.80
14.69 6.40 7.77 40.38 36.86 38.62

Tio 16.50 8.02 10.23 44.90 40.92 42.91
19.70 18.64 17.89 44.97 44.42 44.70
T 21.91 17.70 17.70 45.09 44.56 44.83
Tis 24.61 20.43 21.13 45.49 45.63 45.56
29.72 21.67 24.52 46.33 45.44 45.89
Tis 29.05 31.30 29.55 46.38 46.88 46.63
34.17 32.76 33.33 49.95 49.65 49.80
0.73 0.90 0.79 1.65 1.61 1.63
2.12 2.59 2.28 4.78 4.66 4.74

T,-Control T5.75%RDF+ P-OMF@5.0gha™ | T4-75%RDF+S-OMF @10.0gha™ T15-50%RDF+P-OMF@5.0 gha™+S-
OMF@5.0gha™

AT Te-75%RDF+S-OMF@5.0gha™ T10-75%RDF+P-OMF@10.0gha *+S-OMF@10.0gha™  T1,-50%RDF+S-OMF@10.0 gha™*

Ty

EAAEEEY T,-75%RDF+P-OMF@5.0gha+S-  T13-50%RDF +P-OMF@5.0gha™ T15-50%RDF+P-OMF@10.0 gha™
OMF@5.0gha™
Tg-75%RDF+P-OMF@10.0gha™  T1,-50%RDF +S-OMF@5.0gha™ T16-50%RDF+P-OMF@10.0 gha™+S-
100%RDF OMF@10.0gha™

S-OMF-Sulphur organo mineral fertilizer
P-OMF-Phosphorus organo mineral fertilizer
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The higher phosphorus use efficiency in green
gram 23.98 (kg grain kg™ applied P) recorded
with treatment T4 (50%RDF + P-OMF @10.0q
ha’ + S-OMF @10.0q ha™) (Table 2). The
application of P and S organomineral fertilizers
significantly  increased  phosphorus  use
efficiency of green gram by 42 and 69% over
the control (T;) in both the years. Rock
phosphates can be modified and release more
plant available P (Straaten, 2002). There are
alternative ways that increase the agronomic
efficiency of rock phosphate mainly by
biological, chemical and physical means (FAO,
2004).

Sulphur use efficiency

Sulphur use efficiency in green gram varied
from 14.52 to 37.95 (kg grain kg applied S).
The higher sulphur use efficiency in green gram
is 37.95 (kg grain kg™applied S) was recorded
with treatment Ty (50%RDF+ P-OMF @10.0q
ha'+ S-OMF @10.0q ha™) and lower with the
control plot (Table 2). The application of P and
S organomineral  fertilizers  significantly
increased sulphur use efficiency of green gram
by 42 and 69% over the control (T,) during both
the year of experimentation.

Apparent phosphorus recovery (%)

The apparent phosphorus recovery (%) in green
gram varied from 2.24 to 33.33 % (Table 3).

The maximum apparent phosphorus recovery
(%) in green gram 33.33 % was recorded in
treatment Ty (50%RDF+ P-OMF@10.0q ha™
+S-OMF @10.0q ha™). Treatment Tisand Ty, at
par over the rest treatment in green gram in both
the year. The P use efficiency, apparent
recovery and value cost ratio are favorably
influenced by P application irrespective of the
experimental locations  (Bharathi and
Poongothai 2008).

Apparent sulphur recovery (%)

The data showed that the apparent sulphur
recovery (%) in green gram varied from 6.18 to
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49.80 % (Table 3). The maximum apparent
sulphur recovery (%) in green gram 49.80(%)
was recorded in treatment Ty (50%RDF+ P-
OMF@10.0q ha! +S-OMF @10.0q ha™).
Treatment T,3 and Ty, at par over the rest
treatment in green gram and wheat cropping
sequence in both the year.

Apparent recovery of nutrient from the mineral
fertilizer, estimated as the slope of the
regression of plant accumulation against the rate
of N applied and expressed as a percentage, was
65, 33 and 78% in 2000, 2001 and 2002,
respectively (Zebarth et al., 2005).

Present investigation envisages that application
of P and S- Organo Mineral Fertilizers @10.0 q
hatalong with 50 % of recommended dose of
N, P and K fertilizers have resulted in higher
grain yield, agronomic use efficiency and
apparent recovery of nutrients by green gram of
an alluvial soil of Varanasi. In this respect
development of Organo-Mineral Fertilizers is
one of the most alternative and important
innovation technology for sustaining crop
productivity and soil health.
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