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ABSTRACT

A field study was conducted during rainy (kharif) season of 2013 to find out the effect of
bioinorganic nutrient combinations on yield, quality and economics of mungbean [Vigna radiate (L.)
Wilczek]. The twelve treatments comprised one control, three levels of inorganic sources (75, 50
and 100% NPK of recommended dose) and other eight in combination viz. 50% RDF+ Rhizobium +
Phosphorus solublizing bacteria (PSB), 50% RDF + 2.5 t/ha Vermicompost, 50% RDF+2.5 t/ha
Vermicompost/ha + Rhizobium + PSB, 75% RDF+ Rhizobium + PSB, 75% RDF + 2.5 t/ha
Vermicompost, 75% RDF + 2.5 t/ha Vermicompost + Rhizobium +PSB, 100%RDF+ Rhizobium+
PSB and 100% RDF + 2.5 t/ha Vermicompost were laid out in randomized block design with three
replications. Amongst combinations, significant improvement in plant height at harvest, yield
attributes, yield, protein per cent, nutrient content and uptake were recorded with application of
nutrients through 75% RDF + 2.5 t/ha vermicompost + Rhizobium + PSB as compared to other
combinations, followed by treatments 100% RDF + 2.5 t/ha vermicompost and 100% RDF +
Rhizobium + PSB. The highest and comparable net returns were obtained with the application of
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growth to producing crop.

100% RDF + Rhizobium + PSB (INR 52894.73) followed by 75% RDF + 2.5 t/ha vermicompost +
Rhizobium + PSB (INR 51582.60) and 75% RDF + + Rhizobium + PSB (INR 50664.74). The above
studies show that bioinorganic combinations have their own roles play to higher productivity, not
only solely supply all the nutrients to the soils but also create favorable conditions for betters

Keywords: Economics; nutrient; PSB; Rhizobium; vermicompost; yield.

1. INTRODUCTION

Mung bean [Vigna radiate (L.) Wilczek] has been
grown in India since ancient times. It is one of the
important pulse crop of India and is grown under
sole, mixed and multiple cropping systems during
rainy (kharif), spring and summer seasons under
wide range of agro-climatic conditions [1]. In
commercial agriculture, the use of macro nutrient
fertilizers cannot be ruled out completely resulted
soil is hungry. However, there is a need for
bioinorganic combinations of alternate sources of
nutrients for sustaining soil health and crop
productivity [2]. In bioinorganic combinations
Rhizobium, phosphorus solubilizing bacteria
(PSB) and vermicompost are important
components. Vermicompost has been found to
have beneficial effects when used as a total or
partial substitute for mineral fertilizer and as soil
amendments in field studies. Likewise, some
studies show that vermicomposting leachates or
vermicompost water-extracts, used as substrate
amendments, also promote the growth and yield
parameters of crops [3]. Further, bio-fertilizers
are low cost and eco-friendly input have
tremendous potential of supplying nutrients
which can reduce the chemical fertilizer dose by
24-45% [4]. Nitrogen and phosphorus are the
major nutrients which play an important role in
crop production. The nitrogen recognized as
kingpin to the fertilization programme for higher
yield. Phosphorus increases the root efficiency
which in turn improves moisture and nutrient
utilization under rainfed conditions. For increased
nutrient supply through bio-fertilizers, there is a
need for improving the efficiency of biological
nitrogen-fixation system. Phosphorus-solubilizing
bacteria are also reported to be beneficial in
increasing the phosphorus availability in soil and
thereby seed yield of mungbean. Hence, there is
a need to apply vermicompost to improve
nutritional environment of the soil. However,
meager information is available on the combined

effect of vermicompost, Rhizobium and
phosphorus solubilizing bacteria (PSB)
inoculation along with fertilizer nutrients in

mungbean for maintaining soil health and higher
crop productivity [5]. The main objective of this

study was to evaluate the effect of bioinorganic
combinations on growth, yield, nutrient
parameters and economics of mung bean.

2. MATERIALS AND METHODS
2.1 Experimental Site

An attempt was made to study the response of
mungbean to integrated nutrient management.
Field experiment was conducted during rainy
(kharify season of 2013 at Agronomy Farm,
Institute of Agricultural Sciences, BHU, Varanasi
(UP), India (Fig. 2). Experimental site was
located under eastern plain zone the middle
ganges valley of north India elevation 82.71 m,
between 82° 56’'E — 83° 03’E and 25° 14'N — 25°
23.5'N [6].

2.2 Soil

The soil was sandy clay loam with pH 7.32,
available N 160.13 kg/ha [7], P 22.64 kg/ha [8], K
211.41 kg/ha [9] and 0.36% organic carbon [10],
in 0-30 cm soil depth.

2.3 Treatment

The twelve treatments comprised one control,
three levels of inorganic sources (75, 50 and
100% NPK of recommended dose) and other
eight in combination viz. 50% RDF+ Rhizobium +
Phosphorus solublizing bacteria (PSB), 50%
RDF +2.5 t/ha Vermicompost, 50% RDF+2.5 t/ha
Vermicompost/ha + Rhizobium + PSB, 75%
RDF+ Rhizobium + PSB, 75% RDF + 2.5 t/ha
Vermicompost, 75% RDF + 25 t/ha
Vermicompost + Rhizobium + PSB, 100%RDF+
Rhizobium + PSB and 100% RDF+2.5 t/ha
Vermicompost. Recommended dose of fertilizer
20: 40: 20 kg /ha (N2:P,Os:K;0) [11,12] were
applied as per treatments as basal dose at the
time of sowing in furrows at 30 cm apart in at the
depth of 10 cm [13]. The required quantity of
Rhizobium cultures, i.e. @ 200 g culture per 10
kg seed was mixed to 10% sugar solution to form
slurry. The culture of PSB 200 g per 12 kg fine
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soil was well mixed with the help of hand and
then applies to as per treatment details.
Vermicompost was applied as per treatment.
Green gram variety HUM 12 (Maliviya
Jenchetna) was sown at 15 kg/ha in line at 30 cm
at a depth of 5 cm on 6 August.

2.4 Variety

Variety was developed from the Institute of
Agricultural Sciences, Banaras Hindu University,
Varanasi, India and notified by Central Varietal
Release Committee, ICAR, New Delhi for its
cultivation to entire Uttar Pradesh and
Uttarakhand. A recommended variety HUM 12
(Maliviya Jenchetna) for cultivation in summer
and rainy (Kharif) seasons matures in Mean 66,
Range 60-71 days. Germination 95%, Plant
height is 45-55 cm. Growth habit is erect. Pod
shape is long slender, medium in size. Pod
length, pods/plant, seeds/pod and 100-grain
weight is 6.4 cm, 30, 10.8 and 4.4 g, respectively

2.5 Observations

Plant stand per meter row length was counted at
20 DAS and at harvest from ten randomly
selected spots in each plot and the average was
worked out. Ten plants were selected randomly
from each plot, tagged permanently and used for
measurement of plant height. Height of main
shoot from the ground surface to base of fully
expended leaf was measured by meter scale in
centimeters. Average plant height at each growth
stage (20 DAS and at harvest) was worked out
and recorded. Ten pods were taken at random
from the tagged plant and their length was
recorded and average length of pod was then
calculated. The pods of ten randomly selected
and tagged plants were counted and average
number of pods per plant was worked out and
recorded as mean number of pods per plant.
Number of seeds per pod was recorded at
harvest by counting the number of seeds of ten
randomly selected pods from five tagged plants
and average number of seeds/pod was
calculated. After threshing, winnowing and
cleaning, the product of each plot was weighed
separately in kg per plot and converted in terms
of seed yield in g/ha. Straw yield was calculated
by subtracting the seed yield from biological yield
(g/ha). After complete sun drying harvested
produce grain and straw of each plot were
recorded separately or individual net plot was
weighed with the help of spring balance and
weight was recorded in kg /plot. Later, biological
yield/plot was converted in g/ha. The harvest
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index was calculated by dividing the economic
(grain) yield by total biological yield (grain +
straw) and multiplying the fraction by 100 [14].

Seed yield
Biological yield

Harvest Index (%) = x 100

2.6 Plant and Grain Analysis

For estimation of nitrogen, phosphorus and
potassium content, representative samples of
seed and straw were taken at the time of
threshing. Each dried straw sample was ground
fine powder in Willey mill for estimating the
nutrient content. For estimating the nutrient
content in seed, each sample was ground by an
electric grinder. Nutrient content and protein
content in grain and straw were determined by
using standard methods.

Nutrient Analytical method

Nitrogen Alkaline permanganate
method [7]

Phosphorus Vanado-molybdo-phosphoric
acid yellow colour method
[15]

Potassium Flame-Photometric method
[15]

Protein in seeds Nitrogen percentage in seed
x 6.25[16]

2.7 Economics

To find out more profitable treatment, economics
of different treatments were worked out in terms
of net return (INR/ha) on the basis of prevailing
market rate so that the most remunerative
treatment could be recommended. The net return
was worked out by using following formula: Net
return (INR) = Gross return (INR)-Cost of
cultivation (INR) Treatment wise benefit: Cost
ratio was calculated to ascertain economic
viability of the treatment using the following
formula:

Net returns

B:Cratio = & st of cultivation

2.8 Statistical Analysis

Experiment was laid out in randomized block
design with three replications. The significant
difference between the treatments and to draw
valid conclusion, the data obtained by various
observations were subjected to statistical
analysis by following appropriate method of
analysis of variance (ANOVA) as outlined by
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Fishers [17]. Appropriate standard error for each
of the factor was worked out. Significance of
differences among treatment effects was tested
by “F” test. Critical difference (CD) was worked
out wherever the difference was found significant
at 5 or 1 per cent level of significance.

2.9 Weather

The daily weather data from 6" August (32"
SMW) to 28" October (43 SMW) were
converted into weekly data and mean values
were computed. The meteorological data were
recorded from agro meteorological observatory
at agronomy farm, during the crop growing
season showed that the average temperature
remained between 17.5°C and 34.3°C which was
within range for growth of mung bean.
Temperature is known to have strong effect on
vegetative and reproductive phases [18,19]. The
rainfall during the experimental period was 248.5
mm. The maximum rainfall of 112.2 mm was
reached during the week number 37 in the month
of September. The maximum relative humidity
was about 94 per cent was observed in the
month of September while the minimum was 37
percent in the month of October. Diversity of
mung bean was growing environment as nearly
attributable to the difference in the amount and
distribution of rainfall in relation to potential
evapotranspiration followed by difference in

temperature. The weather conditions have
greater influences on a crop like mung bean
which requires particular temperature, humidity
and precipitation during the vegetative phase and
more sun-shine duration during the reproductive
phase for higher yield. Even slight deviation from
the optimum range may adversely affect the crop
growth and seed yield [20].

3. RESULTS AND DISCUSSION

The data showed that application of 75% RDF+
vermicompost + bio-fertilizers (Rhizobium and
PSB) significant increase in plant height at
harvest and vyield attributes (Table 1), which
resulted in better yield attributes ultimately there
were beneficial effect on yield, harvest index
protein per cent, nutrient content and uptake as
compared to other treatments and control. And
which was found to be at par with 100% NPK of
RDF level + 2.5 t/ha vermicompost and 100%
NPK of RDF + Rhizobium + PSB. The highest
seed yield of mungbean was obtained with the
application of recommended dose of 75% RDF +
2.5 t/ha vermicompost + Rhizobium + PSB
(12.34 g/ha), followed by treatments 100% RDF
+ 2.5 t/ha vermicompost (12.05 g/ha) and 100%
RDF + Rhizobium + PSB (11.95 g/ha) (Table 2).
Maximum protein content (24.72%) was recorded
in 75% RDF + 25 t/ha vermicompost +
Rhizobium + PSB (Fig. 1).

Table 1. Effect of integrated nutrient management on plant height and yield attributes of mung

bean
Treatment Plant stand m~ Plant height (cm) Yield attributes
20 At 20 At Length No.of No.of Seed
DAS harvest DAS harvest of pod pods seeds index
(cm) Iplant /pod (9)
Control 30.04 28.68 21.25 49.59 4.16 25.68 8.01 3.03
50%RDF 30.71 28.86 2251 50.85 5.41 28.03 9.27 3.21
75%RDF 32.38 29.41 24.09 52.55 711 30.04 10.97 3.45
100%RDF 33.04 30.25 2542 53.60 8.16 31.08 12.02 3.60
50%RDF+Rh+PSB 37.04 30.08 17.51 52.15 6.71 29.12 10.57 3.42
50%RDF+2.5t /ha VC 43.71 30.48 24.01 52.35 6.91 29.65 10.77 3.49
50%RDF+2.5t 34.38 29.55 25.65 53.95 8.80 3148 12,61 3.66
/haVC+Rh+PSB
75%RDF+Rh+PSB 35.38 29.62 25,51 53.75 8.31 31.30 12.17 3.61
75%RDF+2.5t /ha VC 41.04 29.92 25.63 53.85 8.77 3144 12,57 3.63
75%RDF+2.5t /ha 36.38 31.01 26.28 54.64 9.20 3249 13.06 3.71
VC+Rh+PSB
100%RDF+Rh+PSB 36.71 30.61 25.97 54.25 8.82 31.72 12.67 3.68
100%RDF+2.5t /ha VC 34.71 30.22 26.14 54.35 8.91 3218 1277 3.70
S.Emt 2.96 1.32 2.06 0.63 0.36 0.43 0.36 0.04
CD (P=0.05) NS NS NS 1.84 1.04 1.26 1.05 0.10

RDF: recommended dose of fertilizer, VC: vermicompost, Rh: rhizobium, PSB: phosphorus solublizing bacteria, DAS:
days after sowing, NS: non significant
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Table 2. Effect of integrated nutrient management on yields and economics of mung bean

Treatment Yield (g/ha) Harvest Net returns Benefit:
Seed Straw Biological index (%) (INR/ha) cost ratio
Control 729 2474 32.04 22.74 29,990.48 2.62
50%RDF 8.55 27.09 35.64 23.99 36,020.98 2.96
75%RDF 10.25 28.78 39.03 26.25 44,457 .41 3.55
100%RDF 11.30 29.83 41.13 27.45 49,565.84 3.84
50%RDF+Rh+PSB 9.85 28.38 38.23 25.76 42,713.64 3.50
50%RDF+2.5t/ha VC 10.05 28.59 38.64 26.02 40,070.98 2.52
50%RDF+2.5t 11.65 30.40 42.05 27.70 48,383.35 3.03
/haVC+Rh+PSB
75%RDF+Rh+PSB 11.45 29.98 41.43 27.63 50,664.74 4.03
75%RDF+2.5t /ha VC 11.55 30.23 41.78 27.63 47,497.93 292
75%RDF+2.5t /ha 12.34 31.15 43.49 28.32 51,582.60 3.16
VC+Rh+PSB
100%RDF+Rh+PSB 11.95 30.48 42.43 28.16 52,894.73 4.08
100%RDF+2.5t /ha VC 12.05 30.58 42.63 28.26 49,698.51 2.98
S.Emzt 0.37 040 0.73 0.54 1,918.86 0.14
CD (P=0.05) 1.09 1.16 2.13 1.60 5,627.84 0.41

RDF: recommended dose of fertilizer, VC: vermicompost, Rh: rhizobium, PSB: phosphorus solublizing bacteria

Protein content in seed (%)
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Fig. 1. Effect of integrated nutrient management on nutrient content (%) of mung bean

Similarly highest NPK content and uptake were
recorded in 75% RDF + 2.5 t/ha vermicompost +
Rhizobium + PSB (Tables 3 and 4). The
combined inoculation of Rhizobium and PSB with
vermicompost has proved one of the most
efficient approaches to in increasing in plant
height and yield attributes, yield, protein per cent

(Fig. 1), nutrient content and uptake [21]. Dual
inoculation might have contributed something
towards enhanced plant growth and increased
nitrogen or soluble phosphorus. Increased
growth parameters with dual inoculation with
Rhizobium and PSB were observed in mung
bean [22,23]. Vermicompost improve the
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physical, chemical and biological properties of
soils including supply of almost all the essential
plant nutrients for the growth and development of
plant. Similar reported [24,]. Synergism in
Rhizobium and PSB might have also resulted in
better yield and nutrient content with their dual
inoculation [25,26]. The highest and comparable
net returns (Table 2) were obtained with the
application of 100% RDF + Rhizobium + PSB
(INR 52894.73) followed by 75% RDF + 2.5 t/ha

vermicompost + Rhizobium + PSB (INR
51582.60) and 75% RDF + + Rhizobium + PSB
(INR 50664.74). The maximum benefit cost ratio
recorded with application of 100% RDF +
Rhizobium + PSB (4.08) followed by 75 % RDF +
25 tlha + Rhizobium + PSB (4.03) with
inoculants (Rhizobium + PSB) (53.40), 100%
RDF (3.84) and 75% RDF + 25 t/ha

vermicompost + Rhizobium + PSB (3.16) were
over control [27,28].

Fig. 2. Experimental site in India

Table 3. Effect of integrated nutrient management on nutrient content of mung bean

Treatment Nitrogen content Phosphorus Potassium
(%) content (%) content (%)
Seed Straw Seed Straw Seed Straw
Control 3.27 1.22 0.350 0.141 0.860 1.108
50%RDF 3.46 1.54 0.368 0.169 1.043 1.184
75%RDF 3.69 1.77 0.373 0.187 1.267 1.205
100%RDF 3.85 1.89 0.419 0.212 1.432 1.213
50%RDF+Rh+PSB 3.66 1.75 0.385 0.198 1.243 1.197
50%RDF+2.5 t/ha VC 3.73 1.81 0.356 0.188 1.308 1.228
50%RDF+2.5t/haVC+Rh+PSB 3.92 1.96 0.428 0.227 1.485 1.270
75%RDF+Rh+PSB 3.87 1.89 0.422 0.215 1.447 1.217
75%RDF+2.5t/ha VC 3.91 1.92 0.425 0.220 1.475 1.252
75%RDF+2.5t/ha VC+Rh+PSB 3.96 2.00 0.483 0.284 1.534 1.307
100%RDF+Rh+PSB 3.92 1.97 0.442 0.239 1.511 1.276
100%RDF+2.5t/ha VC 3.94 1.99 0.454 0.242 1.519 1.303
S.Em+ 0.039 0.080 0.026 0.016 0.036 0.0266
CD (P=10.05) 0.114 0.236 0.075 0.047 0.105 0.0780

RDF: recommended dose of fertilizer, VC: vermicompost, Rh: Rhizobium, PSB: phosphorus solublizing bacteria
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Table 4. Effect of integrated nutrient management on total nutrient uptake by mung bean

Treatment Nutrient uptak (kg/ha)
Nitrogen Phosphorus Potassium

Control 54.11 6.06 33.65
50%RDF 71.28 7.72 41.01
75%RDF 88.78 9.21 47.68
100%RDF 99.82 11.08 52.36
50%RDF+Rh+PSB 85.62 9.43 46.23
50%RDF+2.5 t /ha VC 89.26 8.95 48.24
50%RDF+2.5tVC+Rh+PSB 105.32 11.89 55.92
75%RDF+Rh+PSB 101.06 11.30 53.10
75%RDF+2.5t /ha VC 103.12 11.57 54.88
75%RDF+2.5t /ha VC+Rh+PSB 111.22 14.78 59.63
100%RDF+Rh+PSB 107.04 12.58 56.94
100%RDF+2.5t /ha VC 108.30 12.89 58.14
S.Emzt 3.60 0.77 1.40
CD (P =0.05) 10.558 2.265 4.122

RDF: recommended dose of fertilizer, VC: vermicompost, Rh: Rhizobium, PSB: phosphorus solublizing bacteria

4. CONCLUSION

The above studies show that bioinorganic
combinations have their own roles play to higher
productivity, not only solely supply all the
nutrients to the soils but also create favorable
conditions for betters growth to producing crop.
Increased growth, yield and nutrient parameters
of mung bean in this study, this may be
associated with the supply of essential nutrients
by continuous mineralization of organic manures,
enhanced inherent nutrient supplying capacity of
the soil and its favorable effect on soil physical
and biological properties to better yield.
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