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ABSTRACT

An experiment was conducted during 2020 to investigate the effect of farm yard manure (FYM), phosphorous
solubilizing bacteria (PSB) and Sulphur on the growth and yield of mungbean along with soil sustainability. The
various treatments applied to mungbean were control i.e., RDF (T1), RDF + FYM @ 5 tons ha (T2), RDF + FYM @ 5
tons ha + PSB (Ts), RDF + FYM @ 5 tons ha' + PSB+ 40 kg Sulphur (Ts), 125% RDF (Ts), 125% RDF + FYM @ 5 tons
ha! (Te) and 125% RDF + FYM @ 5 tons ha™ + PSB (T7). Significantly higher growth parameters like plant height,
number of branches plant?, dry matter accumulation plant?, number of nodules plant? was observed with 125%
RDF + FYM @ 5 tons ha + PSB (T7). Significantly higher yield parameters like number of pods plant®, number of
seeds pod?, test weight, seed and stover yield and protein content was also observed with 125% RDF + FYM @ 5
tons hal + PSB (T7). Soil sustainability in terms of soil pH, EC, organic carbon, NPK availability and uptake was also

noticed significantly superior in T7.
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Pulses are an important source of dietary protein
throughout the world. As per the World Health Organization
(WHO) and FAO per capita per day requirement of pulse in
the human diet is 80g, but the production and availability of
pulses declined, which is a serious concern in the present
scenario. By contributing 25.5% of total global pulse
production, India ranks first in both production as well as
consumption of pulses at the global level. Apart from those
pulses are important for farming system sustainability
because of their roles in atmospheric nitrogen fixation with
the help of symbiotic bacteria like Rhizobium. Mungbean
(Vigna radiata L.) is one of the third most important pulse
crops in India after chickpea and pigeon pea. It is an
outstanding source of protein (25%) with higher content of
lysine (460 mg/g) and tryptophan (60 mg/g). In India, the
pulses are cultivated mainly in rainfed conditions. In 2017-
18 total pulse production was 25.23 million tonnes from
29.99 million ha area (Directorate of Economics and
Statistics). In the year 2017-18 total area under mungbean in
India was 4.1 million ha with an overall production of 1.9
million tonnes (Ministry of Agriculture and Family

*  Aditya Kumar
P aadi.bhu@gmail.com

13 Department of Agricultural Chemistry and Soil Science, Udai
Pratap Autonomous College, Varanasi - 221 002, Uttar
Pradesh, India

Welfare). More than 80 per cent of mungbean production
comes from Rajasthan, Madhya Pradesh, Maharashtra,
Bihar, Karnataka, TN, Gujarat, Andhra Pradesh, Odisha and
Telangana. The total area under Mungbean during the 11"
plan was 33.32 lakh ha, whereas it was decreased to 30.41
lakh ha during the 12™ plan and productivity was 468 kg ha
[1]. Organic manure like FYM is well recognized for
improving macro and micronutrients availability. It provides
0.5% N, 0.2% P,0s and 0.5% K>O. It improves soil health
through its beneficial effect on amending the physical,
chemical and biological properties of soil. FYM facilitates
in proper aeration and water holding capacity of the soil and
helps in the more efficient utilization of chemical fertilizers.
Apart from that, it helps in increasing the population of soil
micro-organisms that enhances the availability of plant
nutrients in the soil. Insoluble reserves of phosphorus are
made available to plants after solubilization by PSB like
Pseudomonas and Bacillus. Beneficial microbes’ resident to
the rhizosphere are receiving greater attention, as they can
solubilize inorganic phosphate into soluble form through the
process of acidification, chelation, exchange reactions and
production of organic acids [2]. In addition, these phosphate
solubilizing microorganisms (PSMs) can also increase the
growth of plants by other mechanisms i.e., production of
phytohormones such as IAA [3] which promotes plant
growth. Fungi were more efficient than bacteria in
solubilizing insoluble phosphate [4]. Although, strains of
Aspergillus and Penicillium spp. are the most common fungi
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capable of phosphorus solubilization but they are less in
number in the rhizosphere. Sulphur improves the quality of
food crops, particularly legumes. Sulphur containing amino
acids like Cysteine and Methionine, which act as a building
block in protein synthesis. It plays important role in
increasing chlorophyll formation and aiding photosynthesis.
Apart from that, it also activates various enzymes and helps
in the synthesis of nucleic acids and biotin and thiamine.
Under this background, the present experiment was
undertaken to analyze the effect of farm yard manure
(FYM), Phosphorous Solubilizing bacteria (PSB) and
Sulphur on the growth and yield of mungbean along with
soil sustainability.

MATERIALS AND METHODS

A field experiment was conducted in zaid season
(2020) at the agricultural farm of Udai Pratap Autonomous
College, which was sandy loam in texture, slightly saline
and non-alkaline in reaction. The initial physicochemical
properties of experimental soil were bulk density 1.42 g cm-
3, particle density 2.65 g cm, pH (1:2.5) 7.70, EC 0.75
dSm?, organic carbon 0.43%, available nitrogen 223.25 kg
ha!, available phosphorus 16.00 kg ha! and available
potassium 209.38 kg ha*. The various treatments applied to
mungbean were control i.e.,, RDF (T1), RDF + FYM @ 5
tons ha! (T,), RDF + FYM @ 5 tons ha + PSB (T3), RDF +
FYM @ 5 tons ha + PSB+ 40 kg Sulphur (T4), 125% RDF
(Ts), 125% RDF+ FYM @ 5 tons ha (Tg) and 125% RDF +
FYM @ 5 tons ha + PSB (T7). The treatments were applied
in a randomized block design (RBD) with three replications.
The recommended dose for mungbean was 20 kg N ha, 40
kg P-Os hal, 20 kg K.O ha. Nitrogen was supplied from
urea as 50% basal, remaining 50% as topdressing at
branching stage. The full dose of P and K through single
super phosphate and muriate of potash were applied at the
time of sowing as basal dressing. PSB was inoculated @
200 /10 kg with a 10% solution of Jaggery as a sticker.
Mungbean seeds were sown at the rate of 20 kg ha*. Sowing
was done in line with a spacing of 30 x 10 cm?. Soil samples
from 0-15 cm depth were collected in a plastic bag from
individual plots at 30, 60 and 90DAS of the crop. The soil
sample of each plot was air-dried, processed to pass through
a 2 mm round hole sieve and analysed for oxidizable organic
carbon (IN K3Cr207), available N (0.32% alkaline KMnQO4
oxidizable), P (0.5 M NaHCO; extractable), K (1 N neutral
ammonium acetate extractable) and S (0.15% CaCly)
following the methods described by Walkley and Black [5],
Subbiah and Asija [6], Olsen’s et al. [7], Hanway and
Heidel [8] and Williams and Steinbergs [9], respectively.
Soil pH was determined in 2:1 soil: water suspension with
the help of glass electrode in digital pH meter and electrical
conductivity of soil was measured in the supernatant liquid
of soil water suspension (1:2) by conductivity bridge [10].
Bulk density in undisturbed samples collected with metal
cores of 4.2 cm diameter and 5.8 cm height was measured
[11]. Five plants were marked randomly in each replicated
plot and plant height was measured from the base of the
plant to the tip of the uppermost latest leaf for calculating
mean plant height at 30, 60 and 90 DAS. The number of
branches of selected plant for height was counted and the
average was obtained per plant. The number of pods from
marked plants was recorded in each plot and designated as
the mean number of pods per plant. After harvesting and
threshing, the weight of the grain was recorded. The straw

yield was calculated by subtracting grain yield from
biological yield. The data collected from the field and
laboratory were analyzed statistically using the standard
procedure of randomized block design [12]. Critical
difference (C.D.) and standard error of the mean (SEM)
were calculated to determine the significance among
treatment means.

RESULTS AND DISCUSSION

Growth performance of mungbean under different levels
FYM, PSB and S application
Plant height

The results obtained concerning the effect of FYM,
PSB and Sulphur under mungbean plant height at different
growth stages are presented in (Table 1). Application of
FYM, PSB and Sulphur alone or in combination
significantly increased plant height in comparison to other
treatments. From results, it is also evident that the plant
height of mungbean increased continuously with
advancement in growth stages. Plant height among all
treatments was found in the order of T7 >Te>Ts>T4>T3>To>
T1. The average plant height under Ty, T2, Ts, T4, Ts, Teand
Ty treatments at 30 DAS were 24.36, 24.63, 25.11, 25.44,
27.15, 31.13, and 31.88 cm and at 60 DAS were 34.89,
35.27, 35.96, 36.44, 38.88, 44.57 and 45.66 cm and at 90
DAS were 36.00, 37.42, 38.18, 38.69, 41.35, 45.56, and
47.74 cm, respectively. The higher application rate of RDF
along with FYM and PSB significantly increased the plant
height and maximum plant height was recorded under
treatment T; (RDF 125% +5 tonne FYM ha?! + PSB) in
comparison to other treatments. This treatment proved its
superiority in comparison to control (T1) for plant height by
about 30.87, 30.86 and 24.59% at 30, 60 and 90 DAS,
respectively. This might be due to more profuse vegetative
growth lead by the availability of more nutrients in
comparison to other treatments from inorganic fertilizers,
decomposition of FYM and solubilization of phosphorus by
PSB [13-15].

Number of branches plant*

The observations recorded for the number of branches
plant? have been presented in (Table 1). Application of
FYM, PSB and Sulphur alone or in combination
significantly increased the number of branches plantlin
comparison to other treatments. From the results, it is also
evident that the number of branches plant® of mungbean
increased continuously with advancement in growth stages.
Maximum number of branches plant® at 30 DAS were
found with the treatment T followed by Te > Ts > T4 > T3 >
T, > T1. Values of number of branches plant™® under Ty, To,
Ts, T4, Ts, Teand Ty treatments were observed as 3.94, 4.09,
4.33, 447,459, 6.04 and 6.12 at 30 DAS were 7.23,
7.50,7.95, 8.20, 8.43, 11.09, and 11.22 at 60 DAS were7.83,
8,12, 8,60, 8.87, 9.12, 12.00, and 12.15. The higher
application rate of FYM PSB and Sulphur significantly
increased the number of branches plant. This might be due
to the availability of more nutrients under T7 which led to
maximum vegetative growth and number of branches plant
. This treatment proved its superiority in comparison to
control (Ty) for the number of branches plant? by about
55.32, 55.18 and 55.17 % at 30, 60 and 90 DAS,
respectively. The favourable effects of a higher application
rate of RDF along with FYM and PSB on the number of
branches plant of legumes were also reported by [16-18].
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Dry matter accumulation plant*(g)

The observations recorded concerning to dry matter
accumulation per plant? have been presented in (Table 1).
Application of FYM, PSB and Sulphur alone or in
combination significantly increased dry matter accumulation
planttin comparison to other treatments. From the results, it
is also evident that the dry matter accumulation plant?of
mungbean increased continuously with advancement in
growth stages. Maximum dry matter accumulation plant? at
30 DAS were found with the treatment T, followed by Tg >
Ts > T4 > T3 > T2 > T1. Values of dry matter accumulation
plant? under Ty, T, Ts, Ts, Ts, Te and T+ treatments were

observed as 11.26, 11.64, 11.94, 14.87, 15.74, 20.49, 21.48
g at 30 DAS and 17.34, 17.92, 18.39, 22.90, 24.24, 31.56,
33.08 g at 60 DAS and 21.28, 21.99, 22.57, 28.10, 29.75,
38.73 and 40.60 g at 90DAS. The higher application rate of
RDF along with FYM and PSB significantly increased the
dry matter accumulation plant?. This might be due to the
availability of more nutrients under T; which led to
maximum vegetative growth and dry matter accumulation
plant. This treatment proved its superiority in comparison
to control (T1) for dry matter accumulation plant™? by about
90.76, 90.77 and 99.78 % at 30, 60 and 90 DAS,
respectively [19-20].

Table 1 Growth performance of mung bean under different levels FYM, PSB and S application

Number of
branches plant?

Plant height (cm)

Number of nodules
plant?!

Dry matter
accumulation plant? (g)

Treatments 30 60 9 30 60 9 30 60 90 30 60 90
DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS
T.: RDF 2436 34.89 3600 394 7.23 7.83 11.26 17.34 2128 13.98 20.07 24.39
T, RDF + EYM @ 5 ton ha' 24.63 3527 37.42 409 750 812 11.64 1792 21.99 14.46 20.75 2523
: + 1
Ts fPDSFB FYM@5tonha™ oo 1) 3506 3818 433 7.95 860 11.04 18390 2257 1526 21.90 26.62
. -1
Ta RDF+FYM@Stonha™ )\ o644 3860 447 820 887 1487 2200 2810 1653 23.72 28.84
+ PSB + 40kg S
Te: 125% RDF 2715 38.88 4135 459 843 912 1574 2424 2975 17.12 2457 29.87
: 1259 +
Ts tiishé’_lRDF FYM@5 3013 4457 4556 604 11.09 12.00 2049 3156 3873 19.89 28.54 34.70
1 1259 +
Tri 12596 RDF + FYM @5 5 g3 4566 47.74 612 1122 1215 2148 3308 40.60 20.20 28.98 35.24
ton ha'+ PSB
SEm: 0131 0131 0.001 0.051 0.146 0.092 0.066 0.108 0864 038 002 0.07
CD (0.05) 0.040 0.040 0.003 0.146 0451 0.283 0205 0334 0197 1.16 005 022

Number of nodules plant*

The observations related to the number of nodules
plant* were recorded in (Table 1). The application of FYM,
PSB and Sulphur significantly increased the number of
nodules as compared to other treatments. From the results, it
is also evident that the number of nodules plant? increased
continuously with advancement in growth stages. The
number of nodules among all treatments was found in the
order Ty>Te>Ts>Ts>Ts>To>T1 The average number of
nodules plant® in Ty, T2, Ts, Ta, Ts, Te and Ty treatments at
30 DAS were 13.98, 14.46, 15.26, 16.53, 17.12, 19.89 and
20.20 and at 60 DAS were 20.07, 20.75, 21.90, 23.72, 24.57,
28.54 and 28.98 and at 90 DAS were 24.39, 25.23, 26.62,
28.84, 98.87, 34.70 and 35.24 respectively. The higher
application rate of RDF along with FYM and PSB
significantly increased the number of nodules per plant and
the maximum number was recorded under treatment T
(RDF 125% ha! + 5 tonne FYM ha! + PSB) in comparison
to other treatments. This treatment proved its superiority in
comparison to control (T1) for the number of nodules plant*
by about 44.49, 44.39 and 30.78% at 30, 60 and 90 DAS,
respectively. This might be due to increased growth rate and
root development at a higher amount of application [21].

Yield performance of mungbean under different levels FYM,
PSB and S application
Number of pods plant

The effects of different treatments on the number of
pods plant? were presented in (Table 2). The results showed

a significant effect of treatments in comparison to control.
Maximum number of pods were recorded in T7 (25.07)
followed by other treatments Te (24.25) > Ts (22.82) > T,
(21.88) > T3(21.20) > T»(21.10) >T1 (20.74). Application of
FYM and PSB significantly increased the number of pods
plant! and the maximum number of nodules plant® was
recorded under treatment T7 (RDF 125% ha +5tonne FYM
hal +PSB) in comparison to other treatments and this might
be due to higher vegetative growth led by nutrient
enrichment of the soil. This treatment proved its superiority
in comaprison to control (T1) for the number of pods plant?
by about 20.87%. A significantly higher number of pods
plant? along with phosphorus solubilizing bacteria (PSB)
like Aspergillus awamori, Psuedomonas striata [22] also
observed the maximum number of pods plant? with the
treatments which received the higher application of FYM
[23].

Number of seeds pod

The effects of different treatments on the number of
seeds per pod! were recorded and presented in (Table 2).
Increasing the application rate of FYM PSB and Sulphur
increased the number of seeds pod?and the maximum
number of seeds pod! was obtained in treatment T7 (125%
RDF + 5tonnes FYMha + PSB). The maximum number of
seeds per pod was recorded in treatment T (8.96) followed
by other treatments Te (8.87)>Ts (8.38)> T4 (8.26) >Ts
(7.41) >T, (6.87)>T; (6.85). T7(125% RDF + 5 tonnes FYM
hal+ PSB) proved its superiority over control i.e., T; for the
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number of seeds pod by about 30.80%. It is clear from the
result that the application of FYM PSB and Sulphur
significantly increased the number of seeds per pod- [24].

Test weight ()

The effects of different treatments on the test weight
of mungbean are presented in (Table 2). Increasing the
application rate of FYM PSB and Sulphur significantly
increased test weight and the maximum value of test weight

was obtained in treatment T+ (125% RDF + 5 tonne FYM ha
1 4+ PSB. The maximum test weight was recorded in
treatment T, (37.35) followed by other treatments Ts
(36.40)>Ts (35.02)> T4 (37.22) >T3 (33.31) >T» (34.05)>T;
(32.99). T7(125% RDF + 5 tonnes FYM ha'l + PSB) proved
its superiority over control i.e., Ty for test weight by about
13.21%. It is clear from the result that the application of
FYM PSB and Sulphur significantly increased the test
weight [24].

Table 2 Yield performance of mung bean under different levels FYM, PSB and S application

Treatments No. of pods No.of  Testweight Seed yield Stoveryield Protein
plant?! seeds pod? (9 (g hal) (g hal) content (%)

T.: RDF 20.74 6.85 32.99 8.26 23.76 23.47
T,: RDF + FYM @ 5 ton ha! 21.10 6.87 34.05 8.74 24.49 23.50
T3 RDF + FYM @ 5 ton hal + PSB 21.20 7.41 33.31 9.44 25.08 23.69
T, RDF+FYM @ 5ton ha'+ PSB +40kgS  21.88 8.26 37.22 9.73 26.48 23.71
Ts: 125% RDF 22.82 8.38 35.02 10.17 26.69 24.19
Te: 125% RDF+ FYM @ 5 ton hat 24.25 8.87 36.40 11.02 28.54 24.76
T7: 125% RDF + FYM @ 5 ton ha* + PSB 25.07 8.96 37.35 12.07 29.79 25.69
SEmz 0.0281 0.034 0.003 0.015 0.013 0.002

CD (0.05) 0.0670 0.106 0.011 0.466 0.040 0.006

Seed and stover yield (g ha?) Soil pH and EC

The effects of different treatments on seed and stover
yield of mungbean are presented in (Table 2). The
Application of FYM PSB and Sulphur significantly
increased the seed and stover yield in comparison to control.
Maximum seed and stover yield was recorded in T7 (125%
RDF + 5 tonne FYM ha' + PSB). The seed yield of
mungbean under different treatments were T7 (12.07 g ha™)
>Ts (11.02q ha') >Ts5 (10.17 g ha?) >T, (9.73 g hal) >Ts
(9.44 g ha't) >T,(8.74 q ha) >T1 (8.26 q ha®), respectively.
Stover yield of mungbean under different treatments were
observed as T7 (29.79 g ha') >Ts (28.54q ha) >Ts (26.69 q
ha') >T,(26.48 g ha') >T3(25.08 g ha') >T, (24.49 q ha?)
>T1 (23.76 g ha'l), respectively). T7 (125% RDF + 5 tonnes
FYM ha! + PSB) proved its superiority over control i.e., T1
for seed and stover yield by about 46.12 and 20.24%,
respectively [25-26].

Protein content (%)

The effects of different treatments on the protein
content of mungbean are presented in (Table 2). Increasing
the application rate of FYM PSB and Sulphur significantly
increased the protein content in comparison to control and
maximum protein content was obtained in treatment T
(125% RDF + 5 tonne FYM ha? + PSB). The maximum
protein content were recorded in treatment T; (25.69)
followed by other treatments Te (24.76)>Ts (24.19)> T4
(23.71) >T5 (23.69) >T, (23.50)>T; (23.47). T7 (125% RDF
+ 5 tonnes FYM ha + PSB) proved its superiority over
control i.e., T for protein content by about 9.45%. It is clear
from the result that the application of FYM PSB and
Sulphur significantly increased the protein content [27].

Post crop soil fertility status, nutrients availability and
uptake by mungbean under different levels FYM, PSB and S
application

The results related to the effect of different treatments
containing FYM PSB and Sulphur on soil pH and EC after
harvesting of crop is presented in (Table 3). As evident from
the result that soil pH and EC significantly decreased in
comparison to control with an increase in the application
rate of FYM, PSB and Sulphur. A maximum decline in soil
pH and EC in comparison to control was noticed in T [28].
A decrease in soil pH with the maturity of the crop might be
due to organic matter accumulation and its decomposition.
The decline in soil EC might be due to an increase in
nutrient uptake by crops with the growth stage. During the
cultivation of legumes, the soil is acidified due to proton
release from roots [29].

Organic carbon content (%)

The results related to the organic carbon status of soil
under different treatments after harvesting mungbean are
presented in (Table 3). The organic carbon content of soil
increased significantly in comparison to control with the
application of FYM PSB and Sulphur. Concerning soil
organic carbon content, various treatments could be
arranged in the order T7> Tg> Ts> T4> T3> To>T1. Treatment
T, was found to be having significantly higher organic
carbon in comparison to other treatments and this might be
due to more organic matter accumulation led by more
vegetative growth [30].

Available nitrogen (kg ha?)

The data regarding the available nitrogen status of
soil after harvesting mungbean under various treatments are
presented in the (Table 3). Soil available nitrogen content
significantly increased with the application of FYM PSB
and Sulphur. The effect of different treatments regarding
available nitrogen status was observed in the order of
T>Te> Ts> T4> T3> To>Ti, where the available nitrogen
status of soil was 255.36, 248.25, 240.52, 237.82, 235.88,
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232.20 and 227.54kg ha? respectively. T7 (125% RDF + 5
tonnes FYM ha* + PSB) proved its superiority over control
i.e., Ty for soil nitrogen availability by about 12.22%. This
might be due to more availability of nitrogen led by
biological nitrogen fixation under legume crops [31].

Available phosphorus (kg ha®)

The data about the effect of FYM PSB and Sulphur
on soil available phosphorus status of soil after harvesting
mungbean is presented in (Table 3). Soil available
phosphorus content significantly increased with the
increased application of FYM PSB and Sulphur in
comparison to control. Available phosphorus status of soil
among different treatments was found in the order
T>Te>Ts>T4>Ta>T, > Ty and the values of different
treatments were 20.66, 20.16, 19.46, 19.27, 19.17, 19.19 and
19.00 kg ha'* under respective treatments. T7 (125% RDF +
5tonnes FYM ha' + PSB) proved its superiority over control
i.e., T1 for soil phosphorus availability by about 8.73%. This
might be due to the decomposition of organic matter in the
form of FYM and solubilization of insoluble form of
phosphorus by application of P solubilizing bacteria [32].

Available potassium (kg ha®)

The data relating to the effect of application of FYM
PSB and Sulphur on available potassium content of the soil
after harvesting mungbean is presented in (Table 3). Soil

available potassium content significantly increased in
comparison to control with the application of FYM PSB and
Sulphur. Available potassium status of soil among the
treatments were found in the order T7> Te> Ts> T4> T3> To>
T, and the values of the 188.15, 183.27, 177.22, 176.34,
175.30, 170.00 and 167.03 kg ha?’ under respective
treatments. T7 (125% RDF +5tonnes FYMha' + PSB)
proved its superiority over control i.e., T for soil potassium
availability by about 12.64%. This might be due to the
enrichment of soil in potassium due to the decomposition of
FYM along with supply from inorganic fertilizers [33].

Nitrogen uptake (kg ha)

The data concerning nitrogen uptake by mungbean
under different treatments are presented in (Table 3).
Nitrogen uptake by the mungbean (grain and stover) was
increased significantly with the application of FYM PSB
and Sulphur over control. The effect of various treatments
on nitrogen uptake (seed and stover) was found in the order
of T>Te>Ts>T4>T3>T, >T1. Among various treatments, the
uptake of N by seed and stover varied from 34.85 to 48.20
kg ha' and 39.93 to 51.00 kg harespectively. T7 (125%
RDF + 5 tonnes FYM ha' + PSB) proved its superiority
over control i.e., T for nitrogen uptake by about 38.30 and
27.72 % for seed and stover respectively. This might be due
to more availability of nitrogen from the higher application
rate of inorganic fertilizers and decomposition of FYM [34].

Table 3 Post crop soil fertility status, nutrients availability and uptake by mung bean under different levels FYM, PSB and

S application
Organic . - N uptake P uptake K uptake
. Soil EC carbon Nutrients ave_lilablllty (kg hat) (kg ha®) (kg ha'))
reatments H (dSm) content (kg ha™)
P Seed Stover Seed Stover Seed Stover
(%) P K
T1: RDF 8.00 0.35 050 227.54 19.00 167.03 34.85 39.93 10.16 10.27 12.20 30.51
T,:RDF+FYM @ 5tonha? 7.92 0.34 0.51 232.20 19.19 170.00 35.74 42.10 10.42 10.83 12.87 32.16
: + 1
Ts fIE’)SFB FYM @5 ton ha 7.87 0.33 0.51  235.88 19.17 175.30 36.88 42.71 10.76 10.98 13.05 32.63
. -1
T+ RDF+FYM @5 ton ha 7.65 0.32 0.52  237.82 19.27 176.34 37.53 43.70 10.95 11.24 13.35 33.39
+ PSB + 40kg S
Ts: 125% RDF 753 0.33 0.53  240.52 19.46 177.22 38.08 44.30 11.11 11.39 13.54 33.85
- 0,
Tﬁ'tiiShg_FDH FYM@s 747 034 0.55 248.25 20.16 183.27 42.13 47.46 12.29 12.20 14.50 36.26
Tr: 125/0_1RDF FYM@s 7.40 0.32 0.56  255.36 20.66 188.15 48.20 51.00 14.06 13.11 15.59 38.96
ton ha'+ PSB
SEmz* 0.44 0.02 0.01 0.611 0.307 1.250 0.01 0.01 0.03 0.02 0.02 0.22
CD (0.05) 1.36 0.06 0.02 1.884 0947 3.852 0.04 0.03 0.09 0.06 0.05 0.69

Phosphorus uptake (kg ha?)

The data relating to phosphorus uptake under
different treatments by mungbean is presented in (Table 3).
It is evident from the table that the application of FYM PSB
and Sulphur under different treatments proved a significant
increase in phosphorus uptake by seed and stover as
compared to control (T1). The effect of various treatments on
phosphorus uptake could be arranged in the order of
T7>Te>Ts>T4>Ts- T2 and Ti. The effect of T was found to
be significantly superior over other treatments. The
phosphorus uptake ranged from 10.16 t014.06 kg ha ! for
seed and from 10.27 to 13.11 for stover. T7(125% RDF + 5

tonnes FYM ha! + PSB) proved its superiority over control
i.e., T1 for phosphorus uptake by about 38.38 and 27.65 %
for seed and stover respectively. This might be due to more
availability of nitrogen from the higher application rate of
inorganic fertilizers and decomposition of farm yard manure
(FYM) [35].

Potassium uptake (kg ha)

The data obtained in respect of potassium uptake by
mungbean under different treatments are presented in (Table
3). Potassium uptake by the mungbean was increased
significantly with the addition of FYM PSB and Sulphur
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over control. The effect of various treatments on potassium
uptake by seed and stover was found in the order of
T7>Te>Ts>T4>T3 T2, >T1. Among various treatments, the
uptake of K by seed and stover varied from 12.20 to 15.59
kg ha' and 30.51 to 38.96 kg ha'respectively. The effect of
T7; was found to be significant over all the treatments. T
(125% RDF + 5 tonnes FYM ha' + PSB) proved its
superiority over control i.e., T; for phosphorus uptake by
about 27.78 and 37.96% for seed and stover respectively.
This might be due to more availability of nitrogen from the

higher application rate of and

decomposition of FYM [36].

inorganic fertilizers

CONCLUSION

From this experiment, it is concluded that the
application of RDF 125% ha* + 5 tonnes farm yard manure
hal + Phosphorus solubilizing bacteria is superior for the
production of mungbean along with maintaining soil
sustainability.

LITERATURE CITED

1. Tiwari AK, Shivhare AK. 2016. Pulses in India: Retrospect and prospects. Published by Director, Govt. of India, Ministry

of Agri. & Farmers Welfare (DAC & FW), Directorate of Pulses Development, Vindhyachal Bhavan, Bhopal, M.P.
462004, Publication No.: DPD/ Pub.1/ Vol. 2. pp 212.

2. Han HS, Supanjani, Lee KD. 2006. Effect of co-inoculation with phosphate and potassium solubilizing bacteria on mineral

uptake and growth of pepper and cucumber. Plant Soil and Environment 52: 130-136.

. Mehnaz S, Lazarovits G. 2006. Inoculation effects of Pseudomonas putida, Gluconacetobacter azotocaptans, and

Azospirillum lipoferum on corn plant growth under greenhouse conditions. Microbial Ecology 51: 326-335.

4. Venkateswarlu A, Rao V, Raina P. 1984. Evaluation of phosphorus solubilization by microorganisms isolated from aridsol.

Journal of Indian Society of Soil Science 32: 273-277.

5. Walkley A, Black IA. 1934. An examination of the Degtjareff method for determining organic carbon in soils: Effect of

variations in digestion conditions and of inorganic soil constituents. Soil Science 63: 251-263.

6. Subbijah BW, Asija GL.1956. A rapid procedure for estimation of available nitrogen in soils. Current Science 25(1): 229-

260.

7. Olsen SR, Culs CV, Wortanade FS, Deam LA. 1954. Estimation of available phosphorus by extraction with sodium

bicarbonate. United States Department of Agriculture 939: 19-23.

8. Hanway JJ, Heidel H. 1952. Soil analyses methods as used in lowa state college soil testing laboratory. lowa Agriculture

57:1-31.

9. Williams CH, Steinbergs A. 1959. Soil sulphate fractions as chemical indices of available Sulphur in some Australian

10.
11.

12

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

soils. Australian Journal of Agricultural Research 10: 340-352.
Jackson ML. 1973. Soil Chemical Analysis. Prentice Hall of India (Pvt) Ltd, New Delhi.
Blake GR. 1965. Bulk Density in Methods of Soil Analysis. Agronomy, No. 9, Part 1, C. A. Black. pp 374-390.

. Cochran WG, Cox GM. 1957. Experimental Design. 2" Edition, John Wiley and Sons, New York. pp 615.
13.

Chaudhary N, Patel BB, Pavaya RP, Shah SK, Kotadiya V. 2016. Effect of FYM, phosphorus and PSB on nutrient
content and uptake by cowpea [Vigna unguiculata (I.)Walp] on loamy sand. The Bioscan 11(4): 2699-2702.

Karnavat R, Pavaya RP, Chaudhary N, Patel S. 2018. Effect of FYM, phosphorus and PSB on growth, yield and quality
of greengram [Vigna radiata (L.) Wilckzek] on loamy sand. International Journal of Bio-resource and Stress
Management 9(2): 220-223.

Kumawat P, Tiwari RC, Golada S, Godara A, Garhwal R, Choudhary R. 2013. Effect of phosphorus sources, levels and
biofertilizers on yield attributes, yield and economics of black gram (Phaseolus mungo L.). Legume Research 36: 70-
73.

Patel HF, Maheriya VD, Attar SK, Patel HR. 2018. Nutrient uptake and yield of Kharif green gram as influenced by
levels of Sulphur, phosphorus and PSB inoculation. Legume Research-An International Journal 41(3): 405-4009.

Tomar TS, Kumar S, Tomar S. 2013. Effects of plant density, nitrogen and phosphorus on blackgram (Vigna mungo L.
Hepper). Annals of Agricultural Research (New Series) 34: 374-379.

Nawange DD, Yadav AS, Singh RV. 2011. Effect of phosphorus and Sulphur application on growth, yield attributes and
yield of chickpea. Legume Research 34: 48-50.

Singh P, Swaroop N, Jajoria, M, Ola R. 2018. Effect of Integrated Nutrient Management on growth and Yield of Cowpea
(Vigna unguiculata L.). International Journal of Current Microbiology and Applied Sciences 7: 3509-3512.

Sharma A, Pathania P. 2019. Effect of FYM, PSB inoculation and phosphorus levels on growth and developmental stages
of blackgram. International Journal of Current Microbiology and Applied Sciences 8(9): 2450-2457.

Ali MA, Abbas G, Mohy-ud-Din-Q, Ullah K, Abbas Gand-Aslam M. 2010. Response of mungbean (Vigna radiata) to
phosphorus fertilizer under arid climate. JAPS of Animal and Plant Science 20(2): 83-86.

Bansal RK. 2009. Synergistic effect of Rhizobium, PSB, and POPR on nodulation and grain yield of mungbean. Journal
of Food Legumes 22(1): 37-39.

Meena NR, Meena, MK, Sharma KK, Yadav BL, Jana BR. 2015. Response of mung bean [Vigna radiata (L.)] to FYM
and zinc-enriched FYM in loamy sand soil of Jobner. International Journal of Development Research 5(09): 5478-
5482,

Pandey OM, Shahi SK, Dubey AN, Maurya S. 2019. Effect of integrated nutrient management of growth and yield
attributes of green gram (Vigna radiata L.). Journal of Pharmacognosy and Phytochemistry 8(3): 2347-2352.

Patel AD, Patel DD, Patel TU, Prajapati, DR. 2015. Effect of integrated nutrient management on growth parameters, yield
attributes and yield of summer green gram (Vigna radiata L.) under south Gujarat condition. An International e-
Journal 4(1): 72-78.

¢ CARAS



1906 Res. Jr. of Agril. Sci. (Nov-Dec) 12(6): 1900-1906

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Janmohammadi M, Nasiri Y, Zandi H, Kor-Abdali M, Sabaghnia, N. 2014. Effect of manure and foliar application of
growth regulators on lentil (Lens culinaris) performance in semi-arid highland environment. Botanica 20(2): 99-108.
Khatkar R, Abraham T, Joseph SA. 2007. Effect of biofertilizers and Sulphur levels on growth and yield of blackgram.

Legume Research 30(3): 233-234.

Singh G, Choudhary P, Meena BL, Rawat RS, Jat BL. 2016. Integrated nutrient management in black gram under rainfed
condition. International Journal of Recent Scientific Research 7(10): 13875-13894.

Yan F, Schubert S, Mengel K. 1996. Soil pH increase due to biological decarboxylation of organic acids. Soil Biology
and Biochemistry 28: 617-623.

Krishnaprabu S. 2018. Integrated approach in nutrient management of greengram on nutrient uptake and
economics. International Journal of Pure and Applied Biosciences 6(5): 832-834.

Gatsios A, Ntatsi G, Celi L, Said-Pullicino D, Tampakaki A, Savvas D. 2021. Impact of legumes as a pre-crop on
nitrogen nutrition and yield in organic greenhouse tomato. Plants 10: 468.

Muhammad A, Shah F, Muhammad Z, Shah S, Mian IA, Danish S, Muhammad Zafar-ul-Hye, Martin LB, Raja MMN,
Beena S, Shah S, Ahmad I, Yue Z, Martin B, Jiri H, Datta R. 2020. Coupling phosphate-solubilizing bacteria with
phosphorus supplements improve maize phosphorus acquisition and growth under lime induced salinity stress 9: 900.

Ranpariya VS, Polara KB, Hirpara DV, Bodar KH. 2017. Effect of potassium, zinc and FYM on content and uptake of
nutrients in seed of summer green gram (Vigna radiata L.) and post-harvest soil fertility under medium black
calcareous soil. International Journal of Chemical Studies 5(5): 1055-1058.

Dongare DM, Pawar GR, Murumkar SB, Chavan, DA. 2016. To study the effect of different fertilizer and biofertilizer
levels on growth and yield of summer green gram (Vigna radiata L.). International Journal of Agricultural Sciences
12(2):151-157.

Mir AH, Bhat JA, Lai SB. 2009. Effect of phosphorus, Sulphur and PSB on black gram (Phaseolus mungo) and its
residual effect on mustard (Brassica juncia) and soil properties. Environment and Ecology 27(3A): 1365-1368.

Manpreet S, Singh J, Sekhan HS. 2005. Nutrient and quality studies of different mungbean (Vigna radiata L. Wilzeck)
genotypes in relation to phosphorus application. Environment and Ecology 23(2): 408-411.

¢ CARAS



