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ABSTRACT

G. RANJITHA : Sodic soils reduce rice productivity by causing ionic imbalances, osmotic stress and
Conceptualization, design, oxidative damage, which hinder nutrient uptake and physiological functions. Elevated
manuscript writing curation, sodium and pH levels further limit the availability of key micronutrients (Zn, Fe, Mn,
tabulat'ion of results and data Cu, B), compounding yield losses. Early-stage micronutrient supplementation,
analysis . . . . . .

especially when integrated with halo-tolerant microorganisms, can enhance the nutrient
BRSNS solubility, uptake and plant resilience. To test this approach, a field experiment was
Conceptualization, design, conducted to evaluate the efficacy of halophilic microbial consortium consisting of
supervision, manuscript Bacillus subtilis, Halobacillu smassiliensis and Paraburkholderia fungorum (S1)
editing and guidance applied alone or enriched with either expired pharmaceutical nutrient supplements

(EPNS) (S2: Bioron®, Bonetuff®, Huntred®, Lyvell®, Rymega-9G®) or conventional
G. MANJUNATH ; micronutrient salts (S3: ZnSO, «7H,0O, FeSO, *7H,0, MnSO, , CuSO, *5H,0, Na B,
T. BHAGYALAKSHMI § O, *4H,0) equivalent to 1500:500:10:50:5 mM concentrations of Zn:Fe:Mn:Cu:B.
N. N. AsHA &

The treatments were imposed via seed treatment (M1), soil application (M2), or a
S. S. PrRAKASH :

Supervision, critical . . . . .
feedback and halped to 3 x 3 factorial randomized complete block design (RCBD) with nine treatment

combination of both (M3), along with the recommended dose of fertilizers (RDF) in a

shape the research combinations plus a control and replicated three times. The combined seed and soil
application of EPNS-enriched consortium (M3S2) produced the highest plant height
(88.54 cm), number of tillers per m? (685), number of leaves per hill (88.32) and leaf
Corresponding Author : area (870 cm? hill"). The yield parameters also improved significantly, the number of
G. RaNiTHA panicles per m? (280.8) and recording the lowest percentage of chaffiness (14.78%)
resulting in the highest grain yield (48.56 q ha) and straw yield (62.45 q ha'). These
results demonstrate that integrating halophilic microbial consortium with EPNS could
Received : October 2025 effectively address micronutrient deficiencies in sodic soils, improving plant growth
Accepted : October 2025 and enhancing the rice yield potential.
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SODICITY is one of the most critical abiotic system, poor water management and continuous rice
constraints limiting crop productivity and quality cultivation have intensified soil sodicity and alkalinity,
worldwide. In Karnataka, 1.48 million hectares are resulting in nutrient imbalances, ion toxicity and
affected by salt-related problems of which sodicity reduced microbial activity. Rice yields in the state,
accounts for over 200 hectares in the Cauvery averaging 3089 kg ha'!, have remained stagnant due

Command Area of Mandya, a key rice-growing to progressive soil health deterioration (FAO, 2022;
region (Jena & Natarajan, 2013). In this irrigated SRD, 2022 and Anonymous, 2023). High evaporation,
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low organic matter and shallow saline sodic water
tables accelerate sodium accumulation, impair
photosynthesis and restrict crop growth (Hegde et al.,
2015 and Rahman et al., 2017).

In sodic soils, excessive Na" and associated high pH
displace essential cations such as Ca?", Mg®" and
K" severely disrupting plant physiological processes
(Serrano et al., 1999 and Netondo et al., 2004).
Sodium toxicity accelerates leaf senescence, reduces
photosynthetic capacity, lowers water-use efficiency,
and ultimately leading to significant yield losses
(Munns, 2002; Shereen et al., 2005 and Gholipoor
et al., 2002). It also impairs stomatal conductance,
pigment stability and spikelet differentiation,
particularly in inferior spikelets, thereby lowering the
grain yield (Cattivelli et al., 2008 and Hayashi et al.,
2006). Although, rice plants deploy adaptive
mechanisms such as osmolyte accumulation, ion
homeostasis and reactive oxygen species (ROS),
scavenging these are often inadequate under severe
sodic stress (Golldack et al., 2011 and Amirjani, 2011).

Conventional amelioration strategies such as the
application of gypsum, organic matter and improved
irrigation management are effective but often require
community-level coordination for sustained impact.
In contrast, the use of halophilic microbial consortium
offers a more targeted approach for managing the
microclimate of the rice rhizosphere in sodic soils
(Tester & Davenport, 2003). These microbes produce
Na*-binding exopolysaccharides, phytohormones and
stress-reducing enzymes (e.g., ACC deaminase),
improving root zone conditions, nutrient uptake and
overall plant resilience (Shah, 2016 and Varuna,
2021). When integrated with existing agronomic
practices, halophiles can complement and enhance the
efficacy of conventional approaches.

Micronutrients, though required in small quantities
are critical for plant physiological and metabolic
processes. Their deficiency, common in sodic soils,
reduces the efficiency of applied N, Pand K fertilizers,
further constraining the growth and yield (Singh,
2008). High sodium levels and alkaline pH lower
micronutrient solubility, while poor soil physical

properties restrict root uptake, making integrated
micronutrient management essential (Chand and
Prasad, 2017).

Expired pharmaceutical nutrient supplements (EPNS),
containing minerals such as Ca, Mg, S, Fe, Zn, Cu
and Mn, represent an underutilized and sustainable
alternative to conventional micronutrient salts.
Repurposing these supplements not only supplies
essential nutrients but also addresses the
environmental concerns associated with
pharmaceutical waste disposal. When combined with
halophilic microbial consortia, EPNS can enhance
nutrient availability through microbial chelation,
sequestration and improved rhizosphere activity, while
simultaneously mitigating the effects of sodic stress
(Patel et al., 2021).

The present study was therefore undertaken to
evaluate the efficacy of halophilic microbial
consortium, either alone or in combination with EPNS
or conventional sulfate salts, for improving rice
growth and yield in sodic soils of the Cauvery
Command Area in Karnataka.

MATERIAL AND METHODS
Experimental Site and Soil Characteristics

A field experiment was conducted during summer of
2024 at the College of Agriculture, V.C. Farm,
Mandya, located in the Southern Dry Zone of
Karnataka (12°342 N, 76°492 E; altitude 695 m above
mean sea level). The experimental soil was sandy clay
loam in texture, alkaline in reaction (pH 8.79), with
an electrical conductivity of 0.34 dS m™ and organic
carbon content of 5.85 g kg'. The available nutrient
status was low in nitrogen (236.43 kg ha'), medium
in phosphorus (29.76 kg ha* P,O,), and medium in
potassium (198.85 kg ha™ K, O), with an exchangeable
sodium percentage (ESP) of 23.76. All DTPA-
extractable micronutrients were above their respective
critical limits Table 1.

Preparation of Halophilic Microbial Consortium
Enriched with Micronutrients

Three most effective and compatible halophilic
bacterial isolates, Bacillus subtilis, Paraburkholderia
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TaBLE 1

Initial soil physical and chemical properties of
the experimental site

Particulars Value

Physical properties
Particle size distribution (per cent oven dry basis)

Sand 59.73
Silt 12.09
Clay 28.18
Texture Sandy Clay loam
Chemical properties
Soil pH (1:2.5 soil water suspension) 8.79
EC (dS m™) (1:2.5 soil water suspension) 0.34
Cation exchange capacity [cmol (p*) kg'] 16.16
Exchangeable sodium percentage 23.76
Organic carbon (g kg™') 5.85
Available nitrogen (kgha™) 236.43
Available P O_(kg ha') 29.76
Available K O (kg ha') 198.85
Exchangeable calcium [cmol (p)kg'] 8.81
Exchangeable magnesium [cmol (p)kg!] 2.62
Exchangeable sodium [cmol (p*) kg'] 3.84
Available Sulphur (mg kg™!) 14.19
DTPA-Fe (mg kg) 6.95
DTPA-Zn (mg kg™') 1.01
DTPA-Mn (mg kg) 12.04
DTPA-Cu (mg kg') 2.79
Hotwater-soluble boron (mg kg™) 0.87

fungorum and Halobacillus massiliensis were
isolated from salt-affected soils of Mandya region and
assayed for their compatibility with micronutrients
using either expired pharmaceutical nutrient
supplements (EPNS) or conventional micronutrient
salts. Based on these assays, the most compatible
concentrations were determined as 1500:500:10:50:5
mM Zn, Fe, Mn, Cu and B, respectively. The required
quantities of EPNS (Bioron®, Bonetuff®, Huntred®,
Lyvell® and Rymega-9G®) or conventional salts
(zinc sulphate heptahydrate, iron sulphate
heptahydrate, manganese sulphate, copper sulphate
pentahydrate and disodium octaborate tetrahydrate)

were accurately weighed, dissolved in sterile distilled
water to prepare stock solutions and then diluted to
the desired working concentrations. After inoculation
of the isolates, the micronutrient-enriched cultures
were incorporated into a talc-based formulation
prepared using 0.17 mM NaCl to enhance viability.
The prepared formulations were used for seed or soil
application as per the experimental treatments.

Experimental Design and Treatments

The experiment was laid out in a 3 x 3 factorial
randomized complete block design (RCBD) with nine
treatment combinations plus a control, each replicated
three times. The factors were:

-Control treatment consisted of RDF + ZnSO,-7H,0
@ 40 kg ha! applied at transplanting.

-Factor 1: Methods of application
M1 : Seed treatment
M2 : Soil application

M3 : Seed treatment + soil application
-Factor 2: Source of application

S1: Halophilic microbial consortium (HM-Bacillus
subtilis, Paraburkholderia fungorum,

Halobacillus massiliensis) alone

S2: HM enriched with expired pharmaceutical
nutrient supplements (HM+EPNS: Bioron®,
Bonetuff®, Huntred®, Lyvell®, Rymega-9G®
at 1500:500:10:50:5 mM Zn:Fe:Mn:Cu:B)

S3 : HM enriched with conventional micronutrient
salts (HM+MM: ZnSO, -7H,0, FeSO,-7H,0,
MnSO,, CuSO,-5H,0, Na,B, O_-4H,O at
1500:500:10:50:5 mM Zn:Fe:Mn:Cu:B)

For seed treatment, rice seeds @ 62.5 kg ha! were
coated with 1 kg of halophilic microbial consortium,
with or without enrichment as per treatment, using
jaggery solution as a sticking agent prior to sowing in
the nursery. For soil application, halophilic microbial
consortia @ 10 kg ha™' (with or without enrichment)
were mixed thoroughly with farmyard manure and
applied uniformly to the soil during transplanting.
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TABLE 2

Interaction treatments for rice

Control RDF

M1S1  RDF+ Seed treatment HM

M1S2  RDF+ Seed treatment EPNS+HM

M1S3  RDF+ Seed treatment MM+HM

M2S1  RDF+ Soil application HM

M2S2  RDF+ Soil application EPNS+HM

M2S3  RDF+ Soil application MM+HM

M3S1  RDF+ Seed treatment and Soil application HM

M3S2  RDF+ Seed treatment and Soil application
EPNS+HM

M3S3  RDF+ Seed treatment and Soil application MM+HM

Crop and Nutrient Management

The rice variety ‘MSN-99’ was transplanted at a
spacing of 20 x 10 cm using 30-day-old nursery
seedlings (two seedlings per hill). The recommended
dose of fertilizers for salt-affected soils (125:62.5:62.5
kg ha' N:P,O, :K,O) was supplied using urea,
di-ammonium phosphate (DAP) and muriate of potash
(MOP) respectively, along with farmyard manure
(10 tha™). The calculated quantity of urea was applied
in three split doses: 50 per cent of the recommended
dose of nitrogen (RDN) as a basal application, 25 per
cent at the tillering stage and 25% per cent at the
panicle initiation stage. MOP was applied in two equal
splits: half as basal and the remaining half at 60 days
after transplanting (DAT). DAP was applied entirely

as a basal dose. In addition, 50 per cent of the
calculated gypsum requirement was incorporated
uniformly during land preparation.

Observations Recorded

Morphological observations were recorded at critical
growth stages 30, 60 and 90 days after transplanting
(DAT) and at harvest. This included plant height (cm)
and the number of tillers per hill at all observation
stages, as well as leaf number and leaf area per hill at
30, 60 and 90 DAT. At harvest, yield data were
collected from each net plot and grain and straw yields
were estimated and expressed in quintals per hectare
(q ha'). Yield-attributing parameters, namely the
number of panicles per square meter and percentage
chaffiness were also recorded at harvest. The collected
data were subjected to statistical analysis following
the methodology of Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Effect of Halophilic Microbial Consortium
Eenriched with Expired Pharmaceutical
Nutrient Supplements on Growth and Yield of Rice
in Sodic Soil

Growth Parameters of Rice
Plant Height (cm)

The application of EPNS-enriched halophilic
microbial (HM) consortium significantly influenced
rice plant height at later growth stages (Table 3).

TABLE 3

Effect of expired pharmaceuticals and micronutrients enriched halophilic microbial
consortium on plant height of rice at different growth stages

Plant height (cm)
Treatments
30DAT 60DAT 90DAT At harvest
Methods of application

M1 46.99 63.73 67.31 73.71

M2 48.42 70.05 75.01 79.81

M3 50.46 76.2 81.34 86.47
S.Em+ 1.15 1.13 1.21 1.09
CD@5% NS 3.28 3.51 3.17

Continued....
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TasLE 3 Continued....

Plant height (cm)
Treatments
30DAT 60DAT 90DAT At harvest
Source of nutrients
S1 47.93 66.51 70.49 76.26
S2 49.08 72.06 76.79 82.13
S3 48.87 71.41 76.37 81.6
S.Em+ 1.15 1.13 1.21 1.09
CD@5% NS 3.28 3.51 3.17
Tl  Control 46.12 53.34 56.77 63.89
S.Em+ 1.89 1.89 2.03 1.83
CD@5% NS 6.00 6.11 5.84
Interaction (M %S)
T, MiSI 46.76 59.77 63.14 70.11
T, MIS2 47.17 66.07 69.67 75.88
T, MIS3 47.05 65.34 69.11 75.14
T, Ma2SI 47.78 66.23 71.01 76.13
T, M2S2 48.89 72.15 77.12 81.97
T, M2S3 48.58 71.78 76.89 81.33
T, M3SI 49.25 72.54 77.33 82.55
T, M3S2 51.17 77.95 83.57 88.54
T, M3S3 50.97 77.12 83.12 88.32
S.Em+ 1.99 1.95 2.09 1.89
CD@5% NS 5.68 6.09 5.49

While no differences were observed at 30 DAT,
significant variation appeared at 60 DAT, 90 DAT and
harvest.

was statistically on par with HM+MM consortium
S3 and significantly higher than HM alone S1. Among
the methods of application, the highest plant, height
was recorded with seed treatment + soil application
(M3: 76.20, 81.34 and 86.47 cm), followed by the
soil application and seed treatment alone.

Among the interactions, the highest, plant height was
noticed in the treatment receiving seed treatment +
soil application of HM+EPNS consortia (T,), with
77.95 cm at 60 DAT, 83.57 cm at 90 DAT and 88.54
cm at harvest. These values were statistically on par
with T , (HM+MM with same method), which
recorded 77.12, 83.12 and 88.32 cm, respectively. The
lowest values were recorded in the control (T : 53.34,

The accumulation of soluble salts such as sodium and
chloride in sodic soils disrupts root architecture and
limits water and nutrient uptake, especially potassium,
calcium and manganese, thereby inhibiting plant
growth (Karimi et al., 2005). The high pH of these
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56.77 and 63.89 cm).

Considering sources alone, HM+EPNS consortium
(S2) recorded the highest plant height at 60, 90 DAT
and at harvest (72.06, 76.79 and 82.13 cm), which

soils further aggravates nutrient deficiencies by
reducing the availability of micronutrients like zinc
(Zn), iron (Fe), manganese (Mn) and boron (B),
impeding overall development. In this study, combined
application of expired pharmaceutical nutrient
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supplements (EPNS) and halophilic microbial
consortium significantly improved plant height,
indicating a synergistic role in alleviating salt stress.
The halophilic microbes promote plant growth by
producing phytohormones (IAA, gibberellins) that
stimulate elongation, secrete extracellular polymeric
substances (EPS) that bind sodium and enhance soil
properties and generate ACC deaminase, which
reduces ethylene levels that inhibit growth
under stress (Shah, 2016 and Sarkar et al., 2018).
The micronutrients particularly zinc, boron and
manganese are equally critical for plant height under
sodic conditions. Zinc supports auxin synthesis and
protein metabolism is essential for elongation
(Ali et al., 2011), boron maintains cell wall integrity
and activates meristems (Hussain ef al., 2012), while
manganese aids enzymatic and metabolic functions
for vegetative growth. These results align with earlier
reports highlighting improved plant height through
integrated nutrient management compared to
conventional NPK alone (Meghana et al., 2019 and
Zaman et al., 2020).

Number of Tillers per m?

The number of tillers per m?recorded no significant
difference at 30 DAT, but significant variation was
recorded at 60, 90 DAT and at harvest (Table 4).
Among the sources, HM+EPNS (S2) produced the
highest number of tillers (602, 612 and 615 m?).
Regarding methods, seed treatment + soil application
(M3) was most effective, resulting in the highest tiller
numbers (634, 655 and 659 m?). Among the
interaction treatments, the highest number of tillers
was recorded in T, (HM+EPNS with seed treatment
+ soil application): 655 m? at 60 DAT, 677 m? at
90 DAT, and 685 m™ at harvest. These were
statistically on par with T,, (HM+MM with same
method): 642, 665, and 672 m?2, respectively. The
control treatment (T ) recorded the lowest number of
tillers: 434, 441 and 450 m™2.

The number of tillers per square meter improved
significantly with the combined application of EPNS,
micronutrient mixtures and halophilic microbial
consortium. This enhancement is attributed to greater
availability and mobility of key micronutrients,

TABLE 4

Effect of expired pharmaceuticals and micronutrients enriched halophilic microbial consortium on
number of tillers of rice at different growth stages

Tillers (Number m?)
Treatments
30DAT 60DAT 90DAT At harvest
Methods of application
M1 428 526 525 532
M2 445 583 590 589
M3 462 634 655 659
S.Em+t 9.17 9.66 9.99 10.31
CD@5% NS 28.07 29.03 29.97
Source of nutrients
S1 438 551 559 558
S2 451 602 612 615
S3 447 591 600 607
S.Em+ 9.17 9.66 9.99 10.31
CD@5% NS 28.07 29.03 29.97

Continued....
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TasLE 4 Continued....

Tillers (Number m?)
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Treatments
30DAT 60DAT 90DAT At harvest
T1 Control 418.00 434.00 441.00 450.00
S.Em+ 15.13 16.22 16.75 15.27
CD@5% NS 51.87 53.57 46.91
Interaction (M %S)
T, MISI 421 498 495 497
T, MI1S2 432 549 547 551
T, MIS3 431 532 533 547
T, M2SI 434 551 559 555
T, M282 454 601 611 609
T, M283 448 598 601 602
T, M3S1 458 605 624 621
T, M382 466 655 677 685
T, M3S3 463 642 665 672
S.Em+ 15.88 16.72 17.29 17.86
CD@5% NS 48.62 50.28 51.90

particularly zinc and boron, under microbe-assisted
nutrient management. Zinc stimulates auxin-mediated
bud outgrowth and cell division that is essential for
tiller initiation, while boron supports meristematic
activity and cell wall integrity, ensuring the emergence
and stability of new tillers (Hussain et al., 2012 and
Mohan et al., 2017). Additionally, the halophilic
microbial consortium promote root development and
nutrient uptake via IAA production and phosphate
solubilization, indirectly fostering tiller proliferation
(Tank & Saraf, 2010 and Bharti et al., 2016). These
results are in agreement with the earlier findings that
integrating NPK with micronutrients enhances tiller
density more effectively than conventional
fertilization (Zaman et al., 2020). In contrast, the poor
performance under the control (ZnSO, alone) likely
reflects zinc immobilization in sodic soils,
highlighting the role of biological mediation for
efficient nutrient delivery.

Leaf Numbers and Leaf Area per Hill

The effect of EPNS-enriched halophilic microbial
consortium on leaf number and leaf area (cm? hill?)

was evaluated across growth stages. No significant
differences were noted at 30 DAT, but marked
improvements appeared at 60 and 90 DAT as
influenced by the method of application, sources of
application and their interactions (Table 5).

Among the interactions, the seed treatment + soil
application of HM+EPNS consortium (T,) produced
the highest leaf number (73.56 and 88.32 hill") and
leaf area (705 and 870 cm? hill!") at 60 and 90 DAT,
respectively. These values were statistically on par
with T, (HM+MM consortia with the same
application method), which recorded 72.21 and 87.31
leaves and 692 and 810 cm? leaf area. The lowest
values were recorded in the control (T : 48.12 and
64.11 leaves; 450 and 579 cm?). Considering the
source of microbial enrichment alone, HM-+EPNS
consortium (S2) consistently outperformed others,
recording 66.32 and 80.25 leaves hill” and 637 and
777 cm? leaf area at 60 and 90 DAT, which was
significantly higher than HM+MM and HM alone.
With respect to the methods of application, the
combined seed treatment + soil application (M3)
showed the highest number of leaves (70.81 and 85.73
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TABLE 5

Effect of expired pharmaceuticals and micronutrients enriched halophilic microbial consortium on
leaves and leaf area of rice at different growth stages

Leaves (Number hill ") Leaf area (cm*hill )

Treatments
30DAT 60DAT 90DAT 30DAT 60DAT 90DAT
Methods of application
Ml 30.11 57.99 69.88 290 544 677
M2 31.72 63.45 76.93 303 614 727
M3 32.05 70.81 85.73 315 680 820
S.Em+ 0.57 1.04 1.18 8.54 10.36 11.36
CD@5% NS 3.01 3.43 NS 30.1 33.02
Source of nutrients
S1 30.94 60.25 73.36 298 576 707
S2 31.62 66.32 80.25 307 637 777
S3 31.33 65.68 78.92 303 624 740
S.Em+ 0.57 1.04 1.18 8.54 10.36 11.36
CD@5% NS 3.01 343 NS 30.1 33.02
T, Control 29.33 48.12 64.11 282 450 579
S.Em+ 0.94 1.74 0.62 14.09 17.4 19.3
CD@5% NS 5.56 1.99 NS 55.67 60.88
Interaction ( M'xS)
T, MISI 29.35 53.97 66.17 287 510 641
T, MiIS2 30.85 60.05 72.12 292 569 700
T, MIS3 30.14 59.94 71.34 290 553 690
T, M2S1 31.55 60.12 72.35 296 577 701
T, M2S82 31.88 65.34 80.32 310 638 760
T, M2S3 31.74 64.89 78.11 302 627 720
T, M3S1 31.92 66.67 81.57 311 642 780
T, M3S82 32.13 73.56 88.32 318 705 870
T, M3S3 32.1 72.21 87.31 316 692 810
S.Em+ 0.98 1.79 2.04 14.79 17.94 19.68
CD@5% NS 5.21 5.94 NS 52.14 57.2

hill") and leaf area (680 and 820 cm? hill™"), followed
by the soil application alone and seed treatment.

soils, nutrient imbalances and high pH restrict the
availability of nitrogen, zinc and boron, thereby
limiting leaf initiation and expansion (Karimi et al.,

The number of leaves and area per hill that are the 2005). The microbial consortium helped to

key indicators of vegetative vigor and photosynthetic
potential, were significantly enhanced under
treatments with EPNS and halophilic microbial
inoculants compared to the control. In saline-sodic

overcome these constraints through nutrient
solubilization and phytohormone production
(cytokinins, IAA and gibberellins), which stimulated
the cell division, shoot organogenesis and cell
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elongation, ultimately increasing both leaf number and
leaf surface. In addition, EPS production and
antioxidant enzyme activation (catalase, SOD,
peroxidase) improved water balance and reduced
oxidative stress, supporting sustained leaf emergence
and turgidity under salt stress conditions (Shah, 2016
and Sarkar et al., 2018).

Micronutrients delivered through EPNS and
micronutrients mixture further contributed to leaf
growth. Zinc enhanced auxin biosynthesis, boron
strengthened cell walls and supported meristematic
activity, while manganese and copper facilitated
enzymatic functions and chloroplast development
(Ali et al., 2011; Hussain ef al., 2012 and Zaman
et al., 2020). The synergistic action of the microbial
consortium and micronutrient supplementation
clearly outperformed RDF-only treatments,
highlighting the importance of optimized nutrient
formulations with biological delivery systems in
improving canopy development and photosynthetic
capacity under sodic conditions.

Yield Parameters of Rice
Grain and Straw Yield (q ha?)

The application of halophilic microbial consortium
(HM) and micronutrient-enriched EPNS significantly
enhanced rice grain and straw yields under sodic soil
conditions. Among the application methods, seed
treatment combined with soil application (M3)
produced the highest grain yield (47.41 q ha') and
straw yield (61.10 q ha"), followed by soil application
alone and seed treatment (Table 6). With respect to
nutrient sources, the HM + EPNS consortium (S2)
resulted in the highest grain (45.08 q ha') and straw
(57.49 q ha') yields. The interaction effect (MxS)
showed that M3S2 (seed treatment + soil application
of HM+EPNS) recorded the maximum yields (48.56
and 62.45 q ha'), closely followed by M3S3
(HM+MM consortium) with 48.12 and 62.34 q ha'.
The least grain (35.34 q ha') and straw (42.44 q ha')
yields were observed in the control.

The combined application of halophilic microbial
consortium (HMC) with EPNS significantly improved

TABLE 6

Grain and straw yield of rice as influenced by
the application of expired pharmaceuticals and
micronutrients enriched halophilic
microbial consortium

Treatments Gr(znlllzj;ld Stzzvi;z_isld
Methods of application
Ml 39.67 50.89
M2 43.53 55.69
M3 47.41 61.10
S.Em+ 0.53 0.65
CD@5% 1.54 1.89
Source of nutrients
S1 41.63 53.08
S2 45.08 57.49
S3 43.90 57.11
S.Em+t 0.53 0.65
CD@5% 1.54 1.89
T, Control 35.34 42.44
S.Em+t 0.90 1.11
CD@5% 2.70 3.20
Interaction ( M'xS)
T, MISI 37.12 47.42
T, MIS2 41.56 53.12
T, MIS3 40.32 52.12
T, Ma2S1 42.22 53.31
T, M2S2 45.12 56.90
T, M2S3 43.25 56.87
T, M3SI 45.56 58.52
T, M3S2 48.56 62.45
T, M3S3 48.12 62.34
S.Em+t 0.92 1.12
CD@5% 2.67 3.27

nutrient availability, root development and biomass,
leading to higher grain and straw yield. Halophilic
microbes contributed higher grain and straw yields
by producing phytohormones, ACC deaminase and
exopolysaccharides, which enhanced cell prolife-
ration, root growth and soil structure while reducing
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ethylene stress under sodic conditions (Glick et al.,
2007 and Shrivastava & Kumar, 2015). Enrichment
with micronutrients (Zn, Fe, Mn, Cu) and
macronutrients (Ca, Mg, S) through EPNS further
supported chlorophyll synthesis, photosynthesis
and stress tolerance, ensuring better plant metabolism
(Singh et al., 2009 and Rathod et al., 2019). These
treatments also improved ionic homeostasis by
lowering Na* accumulation and enhancing K* and
Ca?" uptake, resulting in favorable Na*/K* and Na*/
Ca?" ratios that sustained photosynthetic efficiency
and biomass accumulation (Munns & Tester, 2008
and Yang et al., 2009). Overall, the synergy of
microbial and nutrient enrichment, particularly
via seed treatment and soil application, proved
effective in overcoming sodicity-related limitations
and offers a sustainable strategy for enhancing rice
yield in saline soils.

No. of Panicle per Metre Square

EPNS enriched Halophilic Microbial Consortium
with different methods and sources showed significant
variation at harvest recording highest number of
panicles per m? in seed treatment + soil application
(270.2 m?). With regard to sources of application
HM + EPNS consortium (248.6 m?) recorded highest
number of panicles per m?is presented in Fig. 1.

The interactive effect of EPNS enriched halophilic
microbial consortium with different methods and
sources recorded higher number of panicles per m?
T, (280.8 m?) treatment that received seed treatment
+ soil application of HM + EPNS consortia which
is on par with T, (274.7 m?) that received HM + MM
consortium in the same manner. The lowest was
recorded in control (T ,-176.7 m?).

Per Cent Chaffiness

The chaffiness was significantly reduced with
improved application methods with the lowest
percentage observed in M3 (15.64%), followed by M2
and M1. Among the nutrient sources, HM+EPNS
consortia (S2) recorded markedly lower chaffiness
(17.66%) compared to the control (25.45%) (Fig. 1).
Among the interactions T, (seed treatment + soil
application of HM + EPNS) showing the lowest value
(14.78%).

The combined application of halophilic microbial
consortium (HM) with expired pharmaceutical
nutrient supplements (EPNS) significantly increased
the number of panicles per m? compared to the
control, primarily due to the enhanced vegetative
growth, greater tiller formation and improved nutrient
uptake. The synergistic effect of microbes and
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300

No. of panicles per m2

Control MISI

o

150
100
50
0

MIS2 MIS3 M2S1 M2S2 M2S3  M3S1

«Chaffiness (%)

25
20
- — — 15
10
0

M3S82 M3S3

Chaffiness (%)

Ln

Fig. 1 : Effect of expired pharmaceuticals and micronutrients enriched halophilic microbial consortia
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micronutrients supported key metabolic processes
such as auxin production, protein synthesis and
efficient photosynthesis, which are vital for panicle
initiation and elongation. Improved ion balance,
particularly lower Na* /K" and Na* /Ca*" ratios
(Mohamed and Gomaa, 2012 and Prasad et al., 2018)
further contributed to better panicle development and
grain filling (Munns, 2005). Moreover, a notable
reduction in per cent chaffiness was recorded under
HM+EPNS treatments, reflecting improved pollen
fertility and spikelet filling efficiency facilitated by
micronutrients like boron and zinc (Suman & Sheeja,
2018 and Helio et al., 2019). The stress-alleviating
mechanisms of halophilic microbes, including ACC
deaminase activity, osmolyte production and
antioxidant defence, also played a crucial role in
sustaining reproductive development under sodic
conditions. Together, these improvements highlight
the effectiveness of integrating microbial consortium
with micronutrient supplementation in optimizing
panicle production and reducing chaffins in rice grown
under salt stress conditions.

This study demonstrates that the integration of
halophilic microbial consortium (HMC) enriched with
expired pharmaceutical nutrient supplements (EPNS)
constitutes a viable and sustainable strategy to enhance
rice growth, yield and salinity tolerance under salt-
affected conditions. The observed improvements
could be attributed to the synergistic interplay
between microbial activities and re-purposed
nutritional inputs, which collectively enhanced the
nutrient bioavailability, root system architecture
and key physiological processes. The co-application
of HMC with either EPNS or conventional
micronutrient salts ensured a holistic nutrient
management approach, delivering essential
macro- and micronutrients while promoting ionic
homeostasis and hormonal equilibrium. These
microbial consortium significantly contributed to the
improved stress resilience through modulation of
rhizosphere dynamics and plant metabolic responses,
thereby fostering optimal growth in saline
environments. Moreover, the valorization of expired
supplements not only addresses environmental
concerns associated with pharmaceutical waste but
also contributes to sustainable agriculture and global

food security by improving crop productivity in
marginal soils.

Acknowledgment : My sincere thanks go to the
Department of Microbiology and the Department of
Agronomy, College of Agriculture, V.C. Farm,
Mandya, as well as the Department of Plant Pathology,
College of Horticulture, Mysore for providing the
laboratory facilities essential for carrying out this
research. I am also grateful to Satva Pvt. Ltd. for
generously providing the expired pharmaceuticals
used in this study.

REFERENCES

AL, L. K., MoHAMED, N. A. AND EL-MaGHRABY, T. A., 2011,
Effect of P and Zn fertilization on wheat yield and

nutrient uptake in calcareous soil. J. Soil Sci. Agric.
Eng.,2 (5):555-569.

Amriang, M. R., 2011, Effect of salinity stress on growth,

sugar content, pigments and enzyme activity of rice.
Int. J. Bot., 7 (3): 73 - 81.

ANoNYMous, 2023, Agri. Situation in India, agristat. http//
www.des.kar.nic.in

BHARTI, N., PANDEY, S. S., BARNAWAL, D., PATEL, V. K. AND
KaLrA, A., 2016, Plant growth promoting rhizobacteria
Dietzia natronolimnaea modulates the expression of
stress responsive genes providing protection of wheat
from salinity stress. Sci. Rep., 6 (1) : 347-368.

CatTiveLLl, L., Rizza, F., BADEck, F. W., MAzzucoTELLL, E.,
MASTRANGELO, A. N., FraNcIA, E., MARE, C., TONDELLI,
A. anxD Stanca, A. M., 2008, Drought tolerance
improvement in crop plants. An integrated view from
breeding to genomics. Field Crops Res., 105 (3) : 1 -
14.

CHanD, T. AND PrasAD, V. M., 2017, Effect of micronutrient
spray on fruits yield and quality of tomato
(Lycopersicon esculentum Mill.). Bull. Env. Phamacol.
Life Sci., 7 (1) : 80 - 87.

FAO (Food and agriculture organization), 2022. http://
www.fao.org/faostat/en/#data

GHOLIPOOR, M., SOLTANI, A., SHEKARI, F. AND SHEKARI, F. B.,
2002, Effects of salinity on water use efficiency and

262



Mysore J. Agric. Sci., 60 (1) : 252-264 (2026)

G. RANJITHA et al.

its components in chickpea (Cicer arietinum L.). Acta
Agronomica Hungarica, 50 (7) :127 - 134.

Gurick, B. R., CHENG, Z., CzAarRNY, J. AND Duan, J., 2007,
Promotion of plant growth by ACC deaminase-

producing soil bacteria. European J. Plant Pathol., 119
(3):329-339.

GoLLpack, D., KiNg, I. L. anp Yang, O., 2011, Plant
tolerance to drought and salinity: Stress regulating
transcription factors and their functional significance
in the cellular transcriptional network. Plant Cell Rep.,
30: 1383 -1391.

GoMmEez, K. A. aND GoMEZ, A. A., 1984, Statistical procedures
for Agric. Res. 2 nd Ed John Wiley & Sons, New York.

Havashi, K., NisHimura, S. aNnp Kazuyuki, Y., 2006,
Ammonia volatilization from the surface of a Japanese
paddy field during rice cultivation. J. Soil Sci. Plant
Nutr., 52 (4) : 545 - 555.

HEeGDE, R., NATARAJAN, A., MEENA, R. S., NIrRaNIANA, K. V.,
THAYALAN, S. AND SiNGH, S. K., 2015, Status of soil
degradation in an irrigated command area in
Chikkarasinakere Hobli, Mandya District, Karnataka.
Curr. Sci., 43 (6) : 1501 - 1511.

Hevrio. B. B., Maiko, E. S., ALex, S. D., Marony, P. D.,
ALMEDA S. AND VITOR, L. N., 2019, Manganese foliar
supplementation impacts rice yield in tropical lowlands.
J. Plant Nutr., 42 (14) : 1567 - 1574.

HussaiN, M. M., KHan, A. M., KHaN, B., FAR0o0Q, M. AND
Faro0Q, S., 2012, Boron application improves growth,
yield and net economic return of rice. Rice Sci., 19 (3)
1259 -262.

Hussain, M. M., Knan, A. M., Knan, B., FARooQ, M. aND
Faro0Q, S., 2012, Boron application improves growth,
yield and net economic return of rice. Rice Sci., 19 (3)
1259 -262.

JENa, J. K. AND NATARAJAN, A., 2013, Assessment of soil
sodicity problem in part of Cauvery command area of
Karnataka. Asian J. Soil Sci., 8 (2) : 339 - 341.

Karmvi, G., GHORBANLI, M., HEDARI, H., KHAVARINEJAD, R.
A. AND AssAREH, M. H., 2005, The effects of NaCl on
growth, water relations, osmolytes and ion content in
Kochia prostrate. Biol. Plant, 49 (4) : 301 - 304.

Karivi, G., GHorRBANLI, M., HEIDARI, H., KHAVARINEJAD, R.
A. AND AssAREH, M. H., 2005, The effects of NaCl on
growth, water relations, osmolytes and ion content in
Kochia prostrate. Biol. Plant., 49 (4) : 301 - 304.

MEGHANA, S., KapaLLl, G. G., PRaKASH, S. S. AND FATHIMA,
P. S., 2019, Effect of micronutrients mixture on
growth and yield of aerobic rice. Int. J. Chem. Stud.,
7(2):1733 -1735.

MoHaMED, H. 1. AND Gomaa, E. Z., 2012, Effect of plant
growth promoting Bacillus subtilis and Pseudomonas
fluorescens on growth and pigment composition of
radish plants (Raphanus sativus) under NaCl stress.
Photosynthetica., 50 (2) : 263 - 272.

MoHan, A., Tiwari, A., Kumar, M., PANDEY, D., SINGH, A.
AND SINGH, B., 2017, Effect of foliar spray of various
nutrients on performance of rainfed rice (Oryza sativa
L.). J. opharmacogn. phytochem., 6 (5) : 2252 - 2256.

Munns, R. aND TESTER, M., 2008, Mechanisms of salinity
tolerance. Annu. Rev. Plant Biol., 59 (1) : 651 - 681.

Munns, R., 2002, Comparative physiology of salt and water
stress. Plant Cell Environ., 25 (4) : 239 - 250.

Munns, R., 2005, Genes and salt tolerance: bringing them
together. New Phytol., 167 (3) : 645 - 663.

NEetonpo, G. W., OnyaNGo, J. C. aNDp BEeck, E., 2004,
Sorghum and salinity: II. Gas exchange and chlorophyll
fluorescence of sorghum under salt stress. Crop Sci.,
44 (3) : 806 - 811.

PateL, R., DEsal, M. anp Buart, N., 2021, Utilization of
expired micronutrient pharmaceuticals in rice
nursery for sustainable crop production under sodic
soil conditions. Agricultural Research Journal,

58 (4): 712 - 718.

1)
S
Q
3
Q
A
~
3
=
=
8o
~
S
~
o
=
3
=
®
S
@
g.

263




e}
1\
Q
=
2
Q
A
~
S
~
=
=~
=
=
S
~
S0
X
N~

)

Mysore Journal o

Mysore J. Agric. Sci., 60 (1) : 252-264 (2026)

G. RANJITHA et al.

PrasaD, P. S. aND SuBBarRAYAPPA, C. T., 2018, Evaluation of
extractants for determination of available and
estimation of critical limits of zinc in tomato grown
soils of eastern dry zone, Karnataka. Mysore J. Agric.
Sci., 52 (2) : 416 - 422.

RaHMAN, A., NaHAR, K., ManMuUD, J. A., HASANUZZAMAN,
M., HossaIN, M. D. S. anp Funita, M., 2017, Salt stress
tolerance in rice emerging role of exogenous
phytoprotectants. Adv. Int. Rice Res., 9 (3) : 139 - 145.

Rarnop, S., CHANNAKESHAVA, S., Mawmara, B.,
BHAIRAPPANAVAR, S. AND TamBaT, B., 2019, Effect of
different methods of application of zinc and boron on
yield and nutrient uptake of chickpea (Cicer arietinum

L.). Mysore J. Agric. Sci., 53 (3) : 76 - 81.

SARKAR, A., PRAMANIK, K., MITRA, S., SOREN, T. AND MAITI,
T. K., 2018, Enhancement of growth and salt tolerance
of rice seedlings by ACC deaminase-producing
Burkholderia sp. MTCC 12259. Plant Physiol.,
231 (5) : 434 - 442,

SERrRANO, R., MULET, J. M., Rios, G. D. E., MARQUEZ, J. A.,
LArrNOA, 1., LEUBE, M. P., EnDIzABAL, 1., PASCUAL-
AHUIR, A., ProFT, M., Ros, R. AND MonTESINOS, C.,
1999, A glimpse of the mechanisms of ion homeostasis
during salt stress. J. Exper. Bot., 50 (8) : 1023 - 1036.

SHaH, G. AND JaN, M., 2016, Halophilic bacteria mediated
phytoremediation of salt- affected soils cultivated with
rice. J. Geochem. Explor., 17 (2) : 59 - 65.

SHEREEN, A. S., MumTaAz, S., Raza, M. A. AND SoLANGl, S.,
2005, Salinity effects on seedling growth and yield
component of different inbred rice lines. Pakistan J.
Bot.,37 (1) : 131 - 139.

SHRIVASTAVA, P. AND KuMaAR, R., 2015, Soil salinity: Aserious
environmental issue and plant growth promoting
bacteria as one of the tools for its alleviation. Saudi J.
Biol. Sci., 22 (2): 123 - 131.

SiNnGH, M. V., 2008, Micronutrient deficiencies in crops and
soils in India. Micronutrient deficiencies in global crop
production, pp. : 93 - 125.

SINGH, M. V., 2009, Micronutrient nutritional problems in
soils of India and improvement for human and animal
health. Indian J. Fert.,5 (4) : 11 - 26.

SrD (Statistica Research Department), 2022, Statista.com/
statistics/ india-area-of-cultivation for-rice.

SumaN, B. M. anp SHEEJA, K. R., 2018, A review on zinc
and boron nutrition in rice. J. Appl. Nat. Sci., 10 (4) :
1180 -1186.

TaNk, N. AND SArRAF, M., 2010, Salinity resistant plant
growth promoting rhizobacteria ameliorates sodium
chloride stress on tomato plants. J. Plant Interact., 5
(1):51-58.

TESTER, M. aND DavenrorT, R., 2003, Na* tolerance and
Na* transport in higher plants. Ann. Bot., 9 (3) : 503 -
527.

VaruNa, R. G., 2021, Evaluation and molecular
identification of salt tolerant microorganisms for
growth promotion in paddy (Oryza sativa L.). M.Sc.
thesis (Unpub.), College of Agriculture., V.C. Farm,
Mandya.

YANG, J., KLoEPPER, J. W. aND RyU, C. M., 2009, Halophilic
bacteria and their role in plant salt tolerance. J.
Microbial Ecol., 58 (1) :1-9.

ZamaN, Q. U., ZuBalr, A., MUHAMMAD, R., AMBREEN, A.,
NusrarT, E., UMAIR, R., Rana, N. A., AsIF, 1., MUHAMMAD
S. N., SAFDAR, B., ZULFIQAR, A. S. AND MUHAMMAD, Y.,
2020, Zinc nutrition application augments morpho-
physiological attributes, productivity and grain zinc
bioavailability of Paddy Rice. J. Appl. Bot. Food Qual.,
93 (2): 11-109.

264



