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Effects of phosphorus rich organic manure (PROM)
on growth and yield of soybean in calcareous soil

Abstract. The phosphorus fixation and its availability are a major challenge not only in alkaline or
calcareous soil but also in acidic soil. The stress of nutrient availability from soil is a major challenge
for more phosphorus demanding leguminous crops like soybean. Using organic manure and rock
phosphate in presence of phosphorus solubilising bacteria (PSB) plays a vital role not only by
enhancing phosphorus availability but also by reducing stress of other nutrients too. The purpose
of this study was to evaluate the impact of various phosphorus sources, including organic and
inorganic inputs, on the growth parameters and productivity of soybean cultivated in calcareous
soil conditions. The study found that applying 75% or 100% P,O, through phosphorus rich organic
manure or 100% via vermicompost significantly improved soybean growth, with larger leaves and
plant height at days 28 and 56 after sowing. Phosphorus rich organic manure amendment for 100%
P,0, also resulted in the largest leaf area per plant (1,657.26 cm?), leaf area index (7.37), and total
chlorophyll content (1.23 mg g~%). Additionally, 100% P,0. through phosphorus rich organic manure
led to significantly more pods per plant (46.33), seeds per pod (3.00), and seeds per plant (150.27).
Subsequently, significantly higher grain (25.94 q ha?) and straw (35.16 q ha?) yield of soybean was
achieved with the application of 100% P,O. via phosphorus rich organic manure and which was
followed by incorporation of 75% P,O, via phosphorus rich organic manure or 100% P,O, through
vermicompost. Hence this could be a sustainable way of producing P-rich organic manure to
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improve the growth and yield attributes of soybean. The findings of this study can be beneficial
to soil scientists, agronomist, farmers and agricultural enterprises working involved in legume
production and other phosphorus demanding crops

Keywords: phosphorus organic sources; phosphorus inorganic sources; diammonium phosphate;

single super phosphate; vermicompost

INTRODUCTION

Phosphorus is a major nutrient involved in
energy translocation, root development, and
flower initiation. It is taken up by plants in two
forms - HPO,* and H,PO,. Phosphorus affects
plant metabolic processes like photosynthesis,
translocation, transpiration, and storage of en-
ergy in the form of adenosine triphosphate and
adenosine diphosphate.

Phosphorus (P) availability in Indian soils is
limited, particularly in alkaline and acidic soils,
where P fixation occurs. Only 15-20% of applied
P is used by crops in the first year, with the rest
contributing to the residual P pool (Nakeertha et
al., 2023). Different forms of aluminium, iron,
magnesium, and calcium bind the available P,
which makes it unavailable to plants. P deficien-
cy is most prevalent in soil types that are charac-
terised by high levels of withering, calcareous-
ness, and alkalinity. The economic and ecological
viability of attempts at reclamation through the
utilisation of phosphatic fertilisers is questiona-
ble, considering that the efficiency of these fer-
tilisers when incorporated is remarkably poor.
In highly calcareous soils, phosphorus availabil-
ity is further restricted due to the development
of insoluble calcium phosphate compounds,
which reduce the nutrient’s uptake by plants.
The process of phosphate solubilisation, which
is accompanied by the production of organic
acids and acid phosphatases, is of paramount
importance in the mineralisation of organic
phosphorus in soil. The utilisation of rock phos-
phate, in conjunction with manure and phos-
phate-solubilising bacteria, has been demon-
strated to ensure consistent performance. The
application of these bacteria has been shown to
enhance plant growth-promoting rhizobacteria
(PGPR) activities, thereby strengthening resist-
ance against disease pathogens. Phosphate sol-
ubilising bacteria like Bacillus subtillis and Bacil-
Ius megaterium play a crucial role in solubilising
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the insoluble forms of phosphorus into soluble
or plant available form (Khan et al., 2021). Recent
studies by K. Sadvakassov & Ye. Islamov (2023)
also highlighted the potential of Bacillus subtil-
lis in microbial biotechnology, particularly its
effective growth on alternative microbial sub-
strates, which supports its application in sus-
tainable agriculture.

Phosphorus-rich organic manure (PROM)
offers a sustainable solution for enhancing the
P use efficiency (PUE) in calcareous soils. PROM
is created by enriching compost or farmyard
manure (FYM) with rock phosphate and inoc-
ulating it with phosphate-solubilising micro-
organisms. The gradual mineralisation of or-
ganic P provides a slow-release, plant-available
source of phosphorus. The Ministry of Agricul-
ture (India) approved the use of PROM, recog-
nising its potential to improve soil fertility and
nutrient uptake in challenging soil conditions
(Measures..., 2024). Recent studies suggest that
applying PROM can markedly increase soybean
growth and yield. Application of NPKM (30% ni-
trogen, phosphorus, and potassium + 70% ma-
nure) resulted in greater rice yields, PUE, P up-
take, and overall balance (Hayatu et al., 2023).
M. Ahmad et al. (2022) concluded that addition of
90 kg of P,0; as single super phosphate or 100%
acidulated rock phosphate was found superior
for wheat yield and phosphorus nutrition com-
pared to other mineral sources and control.

PROM is also gaining attention due to its
ability to address P lockout issues in both alka-
line and calcareous soils, making it a promising
approach for improving crop productivity and
soil health. Overall, the use of PROM, integrated
with other nutrient management practices, can
markedly improve phosphorus availability and
soybean yields in highly calcareous soils. An in-
vestigation was performed to assess the growth
and yield of soybean grown in highly calcareous
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with application various sources of phosphorus.
K. Noor et al. (2020) also concluded that the ap-
plication of integrated use of organic manures
resulted in a significant increase in yield com-
ponents and maize yield, attribuTable to the in-
corporation of inorganic phosphorus sources,
such as rock phosphate. The release of phospho-
rus from rock phosphate was found to be greater
in combination with manure.

Therefore, the purpose of the present study
was to explore the comparative effectiveness of
PROM, vermicompost, and inorganic phospho-
rus sources in improving phosphorus availabil-
ity, enhancing plant physiological traits, and in-
creasing the productivity of soybean under the
constraints of highly calcareous soil conditions.

MATERIALS AND METHODS

The experiment was conducted during kha-
rif-2023 on alkaline (pH 8.18) and highly calcar-
eous soil (1247% CaCO,) at the Post Graduate
Research Farm, College of Agriculture, Pune.
The soil, classified as Inceptisol (Vertic Haplus-
tepts family), was medium-deep black, 70-80 cm
deep, and dominated by smectite clay. Initial soil
testing revealed a low organic carbon content
(0.62%), with available nitrogen, phosphorus, and

potassium levels at 113.50 kg ha™, 10.79 kg ha™,
and 536 kg ha™, respectively. The diethylene
tri-amine penta acetic acid (DTPA)-extractable
micronutrients were also measured, showing
118 mg kg™ Fe, 3.08 mg kg™ Mn, 2.28 mg kg™ Zn,
and 2.24 mg kg™ Cu. PROM was prepared by us-
ing partially decomposed compost of soybean
waste at 1,000 kg in high density polyethylene
bags. Subsequently, phosphorus solubilising
bacteria in liquid form at 2 lit t-1 of partially de-
composed compost was thoroughly mixed and
allowed to incubate for 72 hours (Plate-1). Rock
phosphate in powder form (size < 0.5mm) at
250 kg per tonne of partially decomposed com-
post of soybean waste was thoroughly mixed.
Total 5-6 turnings at an interval of 15 days were
carried out and moisture level was maintained
at 40-45%. After 75-80 days, phosphorus rich
organic manure was found ready and repre-
sentative sampling was performed accordingly
to assess nutrient status. Vermicompost was
also prepared by using partially decomposed
compost of soybean straw along with Eisenia
fetida earthworm species in high-density pol-
yethylene polybags. The composite sample of
vermicompost and FYM were analysed for nu-
trient status (Table 1).

Table 1. Proximate analysis of PROM, FYM, and vermicompost
Seq. No. Parameter Unit PROM FYM Vermicompost

1 pH (1: 10) - 7.18 7.49 6.91
2 EC (dSm™) 1.74 1.66 2.12
3 Moisture (%) 24.02 235 25.45
4 Organic Carbon (%) 21.06 22.26 30.79
5 Total N (%) 0.78 0.69 1.48
6 Total P (%) 14.57 0.39 0.79
7 Total K (%) 0.37 0.38 0.81
8 Total Fe (ppm) 10,550 186 388
9 Total Mn (ppm) 600 35.7 65.7
10 Total Zn (ppm) 125 14.8 18.3
11 Total Cu (ppm) 30 4.39 15.2
12 Total Ca % 13.63 - -
13 Total Mg % 0.52 - -
14 Total B (ppm) 30 - -
15 C:N ratio - 24:1 39:1 20:1
16 C:P ratio - 1.44:1 57.07:1 38.97:1

Source: compiled by the authors
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The soybean variety ‘KDS-726’ (Phule San-
gam) was used as the investigated crop for the
experiment. PROM was formulated at the Ver-
micompost Yard, Division of Soil Science, Col-
lege of Agriculture, Pune. The recommended
fertiliser dose (50:75:45 kg ha™ of N, P,0., and
K,0) was applied, except for the control plots.
Phosphorus was provided from various sourc-
es, including PROM and vermicompost as or-
ganic sources, and Diammonium Phosphate
(DAP) and Single Super Phosphate (SSP) as in-
organic sources. Nitrogen and potassium were
supplied through urea and muriate of potash,
respectively. PROM, FYM, and vermicompost
were applied at the time of sowing, and their
proximate analysis was conducted before the
experiment (Table 1).

P-rich organic manure and vermicompost
were analysed for total nitrogen (N) by H,SO,
along with digestion mixture (K,SO,:.CuSO, in
101 ratio) using macro-Kjeldhal method (Her-
lich, 1990), while phosphorus (P), potassium
and other micronutrients were estimated by
digesting 1 g dry manure sample with 10 mL
tri-acid mixture (9:31 HNO,HCIO,: H,SO,) at
180-200°C. The P content in the acid digest was
determined by means of the vanadomolyb-
date-phosphate yellow colour method, utilising
a spectrophotometer. Meanwhile, the K con-
tent was determined by means of a flame pho-
tometer. A randomised block design (RBD) with
analysis of variance (ANOVA) was employed to
assess treatment effects on all studied charac-
teristics (Panse & Sukhatme, 1985). All experi-
mental procedures involving plants were con-
ducted following institutional, national, and
international ethical standards. No endangered
or protected plant species were used in the study
(Statement..., 2025).

RESULTS AND DISCUSSIONS

Effects of various sources and levels

of phosphorus on growth

of soybean in calcareous soil

The findings showed that periodical number
of leaves and plant height (28 and 56 days after
sowing (DAS)) of soybean grown in calcareous
soil were significantly influenced by phospho-
rus application through PROM, vermicompost,
and phosphatic fertilisers (Table 2, Figs. 1-2). The
count of leaves on soybean plants at 28 and 56
DAS, as influenced by phosphorus application via
PROM, vermicompost, and phosphatic fertilisers,
ranged within 4.81-5.80 and 13.58-19.80, respec-
tively. However, the plant height ranged within
14.40-19.80 cm on 28 DAS and 45.87-53.20 cm on
56 DAS. Application of 100% P,0, through PROM
(5.80), 75% P,0. through PROM (5.80), 100% P,O,
though vermicompost (5.60), 100% P,0, through
DAP (547), and 50% P,0, through PROM (5.47)
were found significantly superior over 100% P,O,
through SSP (5.20), RDF (5.13), and control (4.81)
on 28 DAS. Furthermore, these superior treat-
ments were found to be statistically on par with
eachother. Significantly greater number ofleaves
(19.80) on 56 DAS was reported with application
of 100% P,0, through PROM, which was found
to be statistically on par with rest of treatments
except absolute control (13.58). Addition of 100%
P,0. through PROM yielded significantly greater
(19.80 cm) plant height, which was found to be
statistically on par with all the treatments under
study except RDF and control. However, remain-
ing treatments comprising phosphorus appli-
cation either at 50% or 75% or yet 100% through
either PROM, DAP, SSP, or vermicompost yield-
ed statistically on-par results in terms of plant
height of soybean. Analogous findings for plant
height were reported on 56 DAS for soybean.

Table 2. Effects of phosphorus through PROM and phosphatic fertilisers
on morphological features of soybean in calcareous soil

Count of leaves Plant height (cm)
Seq. No. Treatment

28 DAS 56 DAS 28 DAS 56 DAS
1 Absolute Control 4.81 13.58 14.40 45.87
2 RDF (NPK) 5.13 16.20 18.07 46.00
3 50% P,0,: PROM 5.47 18.33 18.87 47.20
4 75% P,0,: PROM 5.80 19.47 19.60 51.00
5 100% P,0,: PROM 5.80 19.80 19.80 53.20

Plant and Soil Science (16)3
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Table 2, Continued

Count of leaves Plant height (cm)
Seq. No. Treatment

28 DAS 56 DAS 28 DAS 56 DAS

6 100% P,O: DAP 5.47 18.60 19.40 47.93
100% P,0O,: SSP 5.20 17.33 18.40 46.07

100% P,0O,: Vermicompost 5.60 18.93 19.53 48.87

SE+ 0.15 1.01 0.22 1.95

CD at 5% 0.44 3.05 0.67 5.91

Note: SE: Standard error, CD at 5% : Critical difference at 5% significance level, Recommended dose of fertilisers
(RDF), (N - Nitrogen, P - Phosphorus, and K - Potassium), P-rich organic manure (PROM), Diammonium phosphate
(DAP), Single super phosphate (SSP), Days after sowing (DAS)

Source: compiled by the authors
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Figure 1. Plant height
Note: RDFE. Recommended dose of fertilisers (N - Nitrogen, P - Phosphorus, and K - Potassium), P-rich organic
manure (PROM), Diammonium phosphate (DAP), Single super phosphate (SSP), days after sowing (DAS)

Source: compiled by the authors

As for the interactive effects of phospho-
rus application through PROM and phosphat-
ic fertilisers, data revealed that application of
phosphorus at 75% or 100% through PROM
and vermicompost or DAP yielded prominent-
ly greater number of leaves and plant height in
calcareous soil. This might be explained by the
application of PROM which might have great-
er content of available P,0.. The PSB present in
PROM might have solubilised the unavailable
forms of calcium-fixed phosphate by releasing
organic acid like gluconic, fumaric, succinic,
lactic, and propionic acids, leading to lowering
the pH of the rhizosphere, which directly sol-
ubilised to available form. R. Boje et al. (2024)
revealed that the number of pods plant-1,
filled pods plant-1, nodulation, protein, and
oil content in soybean were greatly improved
when 78 kg P,0, ha' was applied through SSP:
100 kg ha'+PROM: 600 kg ha™. Same treatment
also produced maximum seed yield (22.35 q ha'),

%)

stover yield (30.52 q ha), nutrient content, and
uptake in seed and stover by the crop.
Application of phosphorus through
SSP + PROM and seed inoculation with Asper-
gillus awamori + Pseudomonas striata is a re-
warding approach in maximising crop produc-
tivity (Yadav et al., 2017). R. Singh et al. (2018)
also reported that plant height, number of pri-
mary and secondary branches per plant, and
number of leaves per plant increased signifi-
cantly with increasing level of phosphorus up
to 80 kg ha'+ PSB. Co-application of residual
reactive phosphate rock with Rhizobium and
soluble P-bacteria reported significantly great-
er plant height of soybean on 30 and 90 DAS.
U. Ade et al. (2018) also reported analogous
findings. In addition, the provision of phospho-
rus by PROM is accompanied by the provision
of a substantial quantity of nutrients such as N,
K, Ca, Mg, and some metallic micronutrients.
This results in increased vegetative growth,

Plant and Soil Science (16)3
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as evidenced by an increase in the number of
leaves and plant height. It could be summa-
rised that application of phosphorus at the rate

100% P,05 :Vermicompost ——
100% P,0s : SSP —

100% P20s : DAP —
100% P,0s: PROM
75% P,0s : PROM

50% P,0s : PROM
RDF (NPK)
Absolute Control E—
0 5

of either 75% or 100% through P-rich organic
manure was found superior for the plant height
and number of leaves.

No. of leaves 56 DAS
M No. of leaves 28 DAS

10 15 20 25

Figure 2. Periodical number of leaves
Note: RDFE. Recommended dose of fertilizers (N - Nitrogen, P - Phosphorus and K - Potassium), P-rich
organic manure (PROM), Diammonium phosphate (DAP), Single super phosphate (SSP)

Source: compiled by the authors

Leaf area plant?,leaf area index

and total chlorophyll

Leaf area plant?, leaf area index and total chlo-
rophyll content in soybean grown in calcareous
soil was influenced significantly by the applica-
tion of P,0, through PROM, vermicompost, and
phosphatic fertilisers. Application of PROM, ver-
micompost, and phosphatic fertilisers to soy-
beanin calcareous soil produced varied leaf area
plant?, leaf area index, and chlorophyll, which
ranged within 1,040.64-1,657.26 cm?, 4.63-7.37,
and 0.98-1.23 mg g of fresh tissue, respective-
ly (Table 3; Figs. 3-4). Significantly greater leaf
area plant® (1,657.26 cm 2), leaf area index (7.37),
and total chlorophyll (1.23 mg g?of fresh tissue)
were reported with the addition of 100% P,O.:
PROM which was followed by 75% P,O,: PROM.
In case of vermicompost application for the sub-
stitution of 100% P,0,reported greater leaf area
plant?(1,497.36 cm?), leaf area index (6.65), and
total chlorophyll (1.12 mg g*of fresh tissue) than
RDF (1,260.52 cm?, 5.60, and 0.99 mg g?of fresh
tissue). Further application of 100% P,O.: DAP

yielded greater leaf area plant? (1,461.96 cm ?),
leaf area index (6.50), and chlorophyll (1.12 mg g*
of freshtissue) than 100% P,0, through SSP.

Maximumleafarea,leafareaindex,andchlo-
rophyll content were reported with P application
through PROM which might be explained by the
fact that P-rich manure not only supplies P but
also a considerable amount of other nutrients
involved in chlorophyll synthesis. K. Boubekri et
al. (2023) reported analogous findings. The study
examined the plant growth-promoting role of
phosphorus-solubilising bacteria and associ-
ated microbes, hypothesising that these might
have synthesised gibberellin, resulting in supe-
rior leaf area and leaf area index. Greater pho-
tosynthetic rates in PROM phosphorus-supplied
treatments are attribuTable to higher nutrient
availability from calcareous soil, which leads to
increased leaf area. P. Lokhande et al. (2023) also
concluded that application of a liquid organic
formation like panchagavya increased chloro-
phyll content due to greater population of pho-
tosynthetic bacteria.

Table 3. Effect of PROM and phosphatic fertilisers on leaf area, Leaf area index (LAI),

and total chlorophyll of soybean in calcareous soil
Leaf area plant* Leaf area Total Chlorophyll
Seq. No. Treatment (cmz’)) index (mg g* of freshptizsue)
1 Absolute Control 1,040.64 4.63 0.92
2 RDF (NPK) 1,260.52 5.60 0.99
3 50% P,0,: PROM 1,437.26 6.39 1.08
4 75% P,0,: PROM 1,624.38 7.22 1.13

Plant and Soil Science (16)3
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Table 3, Continued

sea:No. Treatmen | Snde | (mggiof esheisue
5 100% P,0,: PROM 1,657.26 7.37 1.23
6 100% P,0,: DAP 1,461.96 6.50 1.12
7 100% P,0,: SSP 1,358.85 6.04 1.01
8 100% P,O;: Vermicompost 1,497.36 6.65 1.12
SE+ 40.76 0.18 0.09
CD at 5% 123.63 0.55 0.27

Note: SE : Standard error, CD at 5% : Critical difference at 5% significance level, RDE. Recommended dose of
fertilisers (N - Nitrogen, P - Phosphorus, and K - Potassium), P-rich organic manure (PROM), Diammonium
phosphate (DAP), Single super phosphate (SSP)

Source: compiled by the authors

1,800
1,600
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80
60
40
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Absolute RDF 50% P,05:PROM  75% P,05:PROM 100% P,0s:PROM 100% P,05:DAP  100% P,05:SSP 100% P,0s:
Control (NPK) Vermicompost

o O O O O

Figure 3. Leaf area per plant (cm?)
Note: RDFE. Recommended dose of fertilisers (N - Nitrogen, P - Phosphorus, and K - Potassium), P-rich organic
manure (PROM), Diammonium phosphate (DAP), Single super phosphate (SSP)
Source: compiled by the authors

M Leaf area index Total Chlorophyll (mg g of fresh tissue)

Absolute RDF (NPK)  50% P,0s : 75% P,0s: 100% P,0s:  100% P,0s:  100% P,0s:  100% P,0s:
Control PROM PROM PROM DAP SSP Vermicompost

O L N WM UL O N

Figure 4. Leaf area index and total chlorophyll
Note: RDFE. Recommended dose of fertilisers (N - Nitrogen, P - Phosphorus, and K -Potassium), P-rich organic
manure (PROM), Diammonium phosphate (DAP), Single super phosphate (SSP)
Source: compiled by the authors

The organic acids diffused in soil at the plant available phosphorus in calcareous soil
time of decomposition of organic matter pres- there by higher root exploration in soil resulted
ent in PROM might have reduced P exchange into greater nutrient uptake, as well as great-
sites through chelation and released more er leaf area, leaf area index, and chlorophyll.
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Plant height, chlorophyll, and 100 grain weight
of soybean were significantly impacted by dif-
ferent levels of P,0at 0, 30, 60, and 120 kg ha?
with broadcast and band application (Moreira et
al, 2020). These findings suggest that optimis-
ing phosphorus sources and application meth-
ods can substantially enhance physiological
traits and nutrient uptake efficiency in soybean
cultivated under challenging soil conditions.

Effect of various sources and levels

of phosphorus onyield characteristics

of soybean in calcareous soil

Data presented in Table 4 and Figure 5 pres-
ent significant variation in the number of pods

plant?, seeds pod™, seeds plantof soybean in
calcareous soil as influenced by P,O. applica-
tion through PROM, vermicompost, and phos-
phatic fertilisers. Significantly greater number
of pods plant? (46.33), seeds pod*(3.00), and
seed plant?(150.27) were noticed with applica-
tion of 100% P,0,: PROM which was followed
and statistically on par with 75% P,O.: PROM,
100% P,0, vermicompost, and 50% P,O.: PROM.
Lower number of pod plant”, seeds pod? and
seeds plant?® were observed in control treat-
ment where no fertilisers were added. Yield
characteristics of soybean, particularly in cal-
careous soil, depends on nutrient availability
and soil pH.

Table 4. Effects of PROM and phosphatic fertilisers
onyield characteristics of soybean in calcareous soil

Seq. No. Treatment Pods per plant | Seeds per pod Seeds per plant
1 Absolute Control 27.20 2.80 92.33
2 RDF (NPK) 39.80 2.93 132.40
3 50% P,0,: PROM 41.47 2.93 136.27
4 75% P,0O,: PROM 45.87 3.00 146.73
5 100% P,O,: PROM 46.33 3.00 150.27
6 100% P,0,: DAP 44.20 2.93 144.27
7 100% P,O.: SSP 40.87 2.93 134.73
8 100% P,0.: Vermicompost 45.67 2.93 145.60

SE+ 1.92 0.03 5.66
CD at 5% 5.82 0.11 17.17

Note: SE: Standard error, CD at 5% : Critical difference at 5% significance level, RDF: Recommended dose of fertilisers
(N - Nitrogen, P - Phosphorus, and K - Potassium), P-rich organic manure (PROM), Diammonium phosphate (DAP),

Single super phosphate (SSP)
Source: compiled by the authors

S. Aritonang & L. Sidauruk (2020) reported
greater number of branches, pods, and weight
of seeds per plant in soybean with vermicom-
post P application treatment. The researchers
further discussed the increased number of pods
in soybeans following P-substituted vermicom-
post treatment. This phenomenon could be at-
tributed to the higher and more available form
of nutrients supplied by organic manure. It can
be hypothesised that the presence of further or-
ganic manure may have resulted in the release
of low-molecular-weight organic acids. This,
in turn, may have led to an enhancement of N
fixation and an increase in N absorption by the
leaves. This may have positively influenced Mg
absorption from the soil. The addition of further

Plant and Soil Science (16)3

P-solubilising bacteria to soil through PROM re-
sulted in the enhancement of bacterial popula-
tion. This is likely to have led to a greater release
of plant growth-promoting substances, such as
auxins, gibberellins, and cytokines, which may
have subsequently resulted in a greater number
of pods per plant. These findings are in agree-
ment with the results reported by P. Lokhande et
al. (2023). The researchers also reported en-
hanced leaf area, chlorophyll, and number of
pods with the application of vermicompost
and organic formulations. Further application
of PROM and vermicompost for P substitution
stimulates release of microbial origin organ-
ic acids dominantly gluconic acid resulted into
reduction of soil reaction in rhizosphere which
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leads to more availability of Pand other nutrients
too resulted into more growth and yield con-
tributing characters. A. Bamagoos et al. (2021)
also reported inoculation of calcareous soil with
P-SB (a 1:1 mixture of two Pseudomonas sp.; Ps.
mallei and Ps. cepaceae) significantly exceeded
leguminous compost, humic acid, or even legu-
minous compost+humic acid for the positive re-
sults obtained. P-SB facilitated nutrient solubil-
ity (e.g., N, K, Fe, and Mn), including conversion
of insoluble phosphorous into a form available
in the tested soil due to increased soil enzymat-
ic activities (e.g., phosphatases and phytases).
This mechanism, combined with a decrease in
soil calcium carbonate content and an increase
in cation exchange capacity (CEC) and organic
matter (OM) content, increased the availability
of various nutrients to plants, including P, in the
soil, which contributed to the increased plant
output in case of Phaseolus vulgaris.

Yield characteristics of soybean such as the
number of pods?, number of seeds pod?, and
number of seeds plant? were on par for P,O,
application either with SSP or DAP. However, a

160 B Number of pods per plant
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greater count of pods plant?, seeds pod?, and
seeds plant!were observed with P,O.application
through DAP. This could be attributed to a better
fixation of P applied through SSP as compared to
DAP These findings agree with those reported by
A. Jamal et al. (2023). The researchers reported
that most of the applied P fertiliser was found
to be fixed to the surfaces of calcite, thereby be-
coming unavailable in the rhizosphere. Further
abundance of CaCO, along with alkaline pH low-
ers solubility and availability of P in rhizosphere
(Aswitha et al, 2024). Neutralisation of CaCO,
content due to organic acid release resulted into
lowering the pH causes release of available nutri-
ents inrhizosphere. M. Khan et al. (2021) conclud-
ed that combined application of rock phosphate,
poultry manure, and Bacillus Spp. MN-54 showed
most effective for increasing shoot and root
length to the tune of 37.5% and 42.6% in chickpea.
The researchers explained that incorporation of
manure along with Bacillus Spp. MN-54 helped
to improve nutritional status and availability of
nutrients by supplying macro and micronutri-
ents leads to greater number of pods in chickpea.

Number of seeds per plant

100% P,0s: 100% P,0s: 100% P,0s: 100% P,0s:
PROM DAP SSP Vermicompost

Figure 5. Soybean yield characteristics
Note: RDE Recommended dose of fertilisers (N - Nitrogen, P - Phosphorus, and K - Potassium), P-rich organic
manure (PROM), Diammonium phosphate (DAP), Single super phosphate (SSP)

Source: compiled by the authors

Effect of various sources and levels

of phosphorus on grain and straw

yield of soybean in calcareous soil

Grain and straw yield of soybean grown on high-
ly calcareous soil, as influenced by levels of P,0,
incorporation through PROM, vermicompost,
SSP, and DAP, were noted at the harvest stage
of soybean. Application of P,O. through vari-
ous organic and inorganic sources significantly

«)

influenced grain and straw yield of soybean (Ta-
ble 5; Fig. 6). Data indicated that grain yield of
soybean ranged within 19.38-25.94 q ha'while
straw yield - within 26.33-35.16 q ha? in vari-
ous treatments of phosphorus application. Sig-
nificantly greater grain (25.94 q ha?) and straw
(35.16 g ha?) yield of soybean was observed with
100% P,O, application through PROM and this
treatment was followed by and statistically on
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par with 75% P,0. (25.00 and 32.66 q ha?), 100%
P,0. vermicompost (24.69 and 32.00 q ha”) and
100% P,0, through DAP (24.38 and 31.66 q ha™).
Use of either 75% or 100% P,O, through PROM

and 100% P,O, through vermicompost resulted
in almost 27-33% increase over control while
17% over RDF for grain yield of soybean grown in
highly calcareous soil.

Table 5. Effect of PROM and phosphatic fertilisers
on grain and straw yield of soybean in calcareous soil

Yield (q ha?)
Sr. No. Treatment "

Grain Straw
1 Absolute Control 19.38 26.33
2 RDF (NPK) 22.13 26.91
3 50% P,0,: PROM 23.75 28.25
4 75% P,0.: PROM 25.00 32.66
5 100% P,O,: PROM 25.94 35.16
6 100% P,O,: DAP 24.38 31.66
7 100% P,O,: SSP 22.44 27.83
8 100% P,0O,: Vermicompost 24.69 32.00

SE+ 0.69 1.06
CD at 5% 2.01 3.22

Note: SE: Standard error, CD at 5% : Critical difference at 5% significance level, RDF: Recommended dose of fertilisers
(N - Nitrogen, P - Phosphorus, and K - Potassium), P-rich organic manure (PROM), Diammonium phosphate (DAP),

Single super phosphate (SSP)
Source: compiled by the authors

The presence of calcium carbonate (CaCO,)
in soil, when the pH is alkaline, can restrict the
availability of phosphorus, iron, zinc, and potas-
sium. Subsequently, the added phosphatic fer-
tiliser is rapidly transformed into an unavailable
form, which has the effect of reducing the plant’s
usable form of P in the rhizosphere. Phospho-
rus-enriched compost incorporated for soybean
in highly calcareous soil produced higher yield
which might be attributed to a greater availability
of P and other nutrients in soil. Among inorgan-
ic fertilisers, 100% P,O, through SSP application
produced lower yield (2244 q ha?) than that of
DAP (24.38 g ha?). Single super phosphate is a cal-
cium phosphate that is applied in soil with a high
calcium carbonate content and an alkaline pH.
This may result in the restriction of solubilisation
of phosphorus, which is rapidly converted into in-
soluble complexes of tricalcium phosphate.

The organic acids like fumaric, succinic,
formic, propionic, gluconic, etc., released un-
der the application of PROM via phosphate sol-
ubilising bacteria and decomposition of organic
manure, resulted in lowering the soil pH near
rhizosphere, leading to the conversion of insol-
uble phosphorus into soluble form. In addition,
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these phenomena have been demonstrated to
accelerate mineralisation rates, not only for P,
but also for micronutrients. The further plant
growth-promoting effect of PSB (Bacillus me-
gaterium and Bacillus thuringiensis) and other
microorganisms present in the PROM might
have played a role in higher microbial-orient-
ed nutrient availability. This, in turn, could have
resulted in increased nutrient uptake, higher
photosynthetic rate and higher chlorophyll syn-
thesis, which could have led to an increase in
yield. P. Bagade et al. (2025) also reported analo-
gous findings. The utilisation of organic manure,
which is abundant in phosphorus, has been
demonstrated to have a substantial impact on
the soil's biological condition, owing to its role as
a nutrient source for microbes. This increase in
microbial population consequently stimulates
heightened levels of biological activity within
the rhizosphere. In conjunction with organ-
ic components such as fluvic and humic acid,
these microbes may have retained nutrients
through a process of chelation, thereby enhanc-
ing nutrient availability to plants. This approach
contrasts with the conventional methods of
leaching, fixation, and precipitation of nutrients.



Effects of phosphorus rich organic manure (PROM)...

Application of either 75% or 100% P,O,
through PROM and 100% P,0. via vermicompost
improved leaf area, chlorophyll, yield, and yield
characteristics, which might be attributed to
greater solubility of calcium-fixed phosphorus
by PSB. Subsequent addition of manure might
have enhanced release of organic acids during
decomposition, lowering therhizosphere pHand
increasing solubilisation of fixed and precipitat-
ed P in calcareous soil. The experiment yielded
results that lend further credence to the hypoth-
esisthatthe suppression of pH changes can exert
asubstantial influence onthe physical, chemical,
and biological characteristics of soil, thereby en-
gendering conditions conducive to optimal root
growth and enhanced access to the soil. This can
engender an increase in the yield of soybeans.

0 Absolute RDF (NPK)  50% P,0s: 75% P,0s:
Control PROM PROM

PR NNW
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P applied via SSP may not have been avail-
able to plants due to its alkaline calcareous na-
ture, resulting in smaller yield compared to
PROM and vermicompost. P application through
SSP might have increased the Ca content in cal-
careous soil that might have enhanced CaCO,
and alkalinisation, resulting in less microbial
activity, subsequently leading to poor nutrient
availability. Furthermore, PROM and vermi-
compost not only supplied P, but also provides
significant amount of other essential nutrients
contributing to improvement in growth and
yield features resulted into higheryield. PSB and
beneficial microflora added via PROM and ver-
micompost might have secreted plant growth
promoting constituents leads to positive growth
over SSP and DAP application.

| Yield (g hat) Grain Yield (g ha?) Straw

100% P,0s:  100% P,0s:  100% P,0s:  100% P,0s:
PROM DAP SSP Vermicompost

Figure 6. Grain and straw yield of soybean
Note: RDE Recommended dose of fertilisers (N - Nitrogen, P - Phosphorus, and K - Potassium), P-rich organic
manure (PROM), Diammonium phosphate (DAP), Single super phosphate (SSP)

Source: compiled by the authors

It was hypothesised that the application of P,
derived from organic matter, has enhanced the
quality of the soil. This improvement has been
demonstrated by an increase in soil porosity and
water-holding capacity, alongside a reduction in
soil pH. The impact of this enhanced soil quality
has been shown to result in a decrease in nutri-
ent fixation, an increase in microbial population
and activity, and an enhancement in enzyme
synthesis. These changes have collectively led to
a higher availability of nutrients. The outcome of
this experiment is in agreement with the findings
reported by K. Khan et al. (2023). Results of the
present study are also uniform with K. Aswitha et
al. (2024). The researchers found that among
many P-activators like FYM, SSP and DAP, vermi-
compost and P rich organic manure were found
to be the best P-activators in calcareous soil. Hus-
nain et al. (2021) also concluded that the residual
effect of reactive rock phosphate in combination

o)

with Rhizobium and P solubilising bacteria re-
sulted in a reported increase in soybean yield of
40.9% in the absence of reactive rock phosphate
and microbes. T. Dev et al. (2020) reported that
the efficiency of rock phosphate as a source of
phosphorus for crop production is enhanced
by increased solubility due to the application of
farmyard manure (FYM) and phosphate-solu-
bilising bacteria (PSB). The researchers further
concluded that the combined application of
phosphate-solubilising bacteria (PSB) and farm-
yard manure (FYM) enhanced the mineralisa-
tion of organic phosphorus, thereby increasing
soil phosphorus availability, promoting plant
growth, and improving the dry matter yield of
soybean. P. Lokhande et al. (2023) also conclud-
ed that addition of 30:60:30 kg ha' N, P,0O,, and
K,0 to soybean in combination with Beejamruth
seed treatment, Jeevaamrut (soil application at
500 Lha’on 30 and 45 DAS) and two foliar sprays
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of panchyagavya at 3% reported significantly
greater leaf area, chlorophyl], yield characteris-
tics, and yield amount itself. The combined ap-
plication of rhizobia inoculant, P-fertiliser, and
organic manure increased grain yield fourfold,
whereas the combined application of rhizobia
inoculant, P-fertiliser, and cattle manure in-
creased grain yield threefold. Harvest index,
phosphorus agronomic efficiency, and rainwa-
ter use efficiency were relatively greater with
the manure (prepared from poultry manure,
rice husks, and urban waste) treatment combi-
nations than with solely cattle-based manure
combinations and the control treatment. The
application of rhizobia inoculant, P-fertiliser in
combination with manure (poultry manure, ur-
ban waste, and rice husks) was profiTable with
value-costratioof2ascompared tothe combina-
tion of cattle manure which had a value cost ratio
of 0.40. The findings revealed that manure offers
a better option of improving soybean response
to rhizobia inoculant and P-fertiliser and can
enhance rainwater use efficiency. However, the
long-term benefit must be quantified (Ulzen et
al., 2020). In summary, numerous studies con-
firmed that the combined application of organic
manure, phosphorus fertilisers, and microor-
ganisms such as phosphate-solubilising bacte-
ria and inoculants markedly enhances phospho-
rus availability in calcareous soils, improves soil
physicochemical properties, boosts plant pro-
ductivity, and increases soybean yield. This inte-
grated approach shows promise for sustainable
agriculture and improving resource use efficien-
cy under challenging agroecological conditions.

CONCLUSIONS

In conclusion, the study showed that phospho-
rus application through PROM, vermicompost,
and phosphatic fertilisers significantly influ-
enced soybean growth in calcareous soil. Ap-
plication of 100% P,O, through PROM and ver-
micompost, as well as 75% P,0, through PROM,
resulted in superior plant height, chlorophyll
and leaf count. The presence of PSB in PROM
may have contributed to solubilising unavaila-
ble forms of calcium-fixed phosphate, influenc-
ing plant growth. These findings highlighted the
potential of phosphorus application to improve
soybean growth through PROM to improve
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soybean growth and yield. Furthermore, appli-
cation of P,0. through PROM, vermicompost,
and phosphatic fertilisers significantly influ-
enced leaf area plant™, leaf area index, and total
chlorophyll content in soybean. The highest val-
ues of leaf area plant, leaf area index, and total
chlorophyll were reported with the addition of
100% P,0, through PROM. Notably, the applica-
tion of 100% P,0O, through phosphorus-rich or-
ganic manure resulted in a significantly greater
number of pods plant?(46.33), seeds pod*(3.00),
and seed plant? (150.27), followed by 75% P,0.
via PROM, 100% P,O. vermicompost, and 50%
P,0,: PROM treatments. Furthermore, the study
supported the hypothesis that the application
of PROM and vermicompost creates favourable
conditions for root growth, leading to a greater
yield of soybean in alkaline calcareous soil, as
evidenced by the improved grain and straw yield,
better availability of nutrients, improved soil pH,
and enhanced microbial population and activ-
ity. The study demonstrated that phosphorus
application through PROM and vermicompost
significantly improved the grain and straw yield
of soybean in highly calcareous soil. The use of
organic matter-based P application resulted in
greater availability of nutrients, improved soil
pH, and enhanced microbial population and
activity, and positive growth over inorganic fer-
tiliser application. This rock phosphate-based
organic manure further needs to be assessed
in various types of soils and crops to maintain
and improve soil health and quality. The findings
of the presented study can be used to produce
P-rich organic base manure which will maintain
soil sustainability. This approach warrants fur-
ther investigation across diverse soil types, cli-
matic conditions, and crop species to validate its
broader applicability and long-term impact on
soil health and productivity.
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BnnauneB pochopoBMicHOro opraHiuHoro go6pusa (PROM)
Ha PiCT i BPOXXaMHICTb COi HA KAP6OHATHUX IPYHTaX

AHoTauia. ®ircailia docdopy Ta HOro AOCTYITHICTD € CEPHUO3HOK IPO6JIEMOI Ha JIYKHHUX
i RapboHaTHUX IpyHTaX. O6MeXeHa NOCTYIIHICTb ITOXUBHUX DEUYOBHH y IPYHTI € 3HAYHUM
BUKJIMKOM g docdoposanerxHux 6060BUX KYNbTYp, TaKUX AK cod. [1poTe BUKOPUCTAHHSA
opraHiuHoro mobpuea Ta ¢ocdopuTy 3a yuacTi docdar-posunHIOBaIbHUX 6GarTepiin (PSB)
Biflirpae BaskJIMBY pOJib He JHIe Yy MiABUIIEeHHI BMicTy docdopy, a 1 y 3HIIKEHHI CTpecy.
MeTo10 HOCTiIReHHS 6y/I0 OLiHUTH BIUIUB pi3HUX Ikepen docdopy, BRIOUAIOYN OpTraHiuHi Ta
HeopraHiuHi 7o6puBa, Ha IapaMeTpPU POCTY Ta MPOAYKTUBHICTH COi, 10 BUPOIIYETHCSI B YMOBaX
BaITHSIHOTO I'PYHTY. JOCIiIKeHHA [T0Ka3aJl1o, 1[0 3aCTOCyBaHH:A 75 a60 100 % P,Os uepe3s PROM a6o
100 % yepe3 BepMUKOMIIOCT 3HAYHO IIOKPAIIYBaJIO PiCT COi, 30KpeMa 36iIblIyBasacs KilbKicTb
JIUCTKIB i BMCOTa poCIvH Ha 28-11 Ta 56-11 IeHb micis ciBbu. BukopuctanHsa PROM 3 100 % P,0s
IlaJI0 HAWBUIL TOKA3HUKY JIMCTKOBOI IoBepxHi (1657,26 cM?), iHAEKCY IMCTKOBOI roBepxHi (7,37)
Ta 3araJIbHOro BMicTy xstopodiny (1,23 mr r™!). Kpim Toro, 3actocyBarusa 100 % P,0s uepes PROM
MIpU3BEJIO 0 3HAYHOTO 36i/bIIeHHA KiJIBKOCTI CTPYYKIB Ha pociuHi (46,33), HaCIHUH y CTPY4YKy
(3,00) Ta HaciuuH Ha pociuHi (150,27). TaKOK 3HAYHO BUIIY BPOKAMHICTH 3epHa (25,94 11/ra) Ta
conomu (35,16 11/ra) coi 3abe3neunsio BHeceHHS 100 % P,0s yepe3 PROM, 3a IKUM iIl1JI0 BHECEHHS
75 % uepe3 PROM abo 100 % uepe3 BepMHUKOMIIOCT. OTKe, BUPO6HUIITBO $0ocdOpOBMiCHOTO
OpraHiyHOro fo6puBa MOXKe 6YTH CTaJIUM IIiIX00M IS MiLBUIIEHHS POCTY Ta BPOJKAMHOCTI COi.
Pe3ybTaTy LOCTiIKEHHSI MOKYThb 6YTH BUKOPUCTaHi arpoHoMaMu, GaxiBIAMU 3 I'PYHTO3HABCTBA
Ta arpoximii, a TakoXX pepMepaMu i CiTbCBROIOCIIOAAPCHKUMY MiATIPUEMCTBAMY, AKi ITPAITIOIOTh
i3 xapboHaTHUMU (Ka/bI[iEBUMH) IPYHTAMU Ui IiABUINEHHA ebeKTUBHOCTI BHKOPHUCTAHHSA
dochopHUx mO6PHUB i MOKpalIeHHS BPOKAMHOCTI COi
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