Short Research Article

Native liquid biofertilizer consortia of Staphylococcus equorum,
Bacillus velezensis and Staphylococcus epidermidis enhanced the

growth of nutmeg seedlings

ABSTRACT

Aims: The aim was to evaluate the three most distinct native liquid
biofertilizer consortia on the growth of nutmeg seedlings under pot culture
studies.

Study design:Completely Randomized Block Design

Place and Duration of Study:Department of Agricultural Microbiology,
College of Agriculture, Vellanikkara, Thrissur, Kerala and Block 10,Regional
Agricultural Research Station, Ambalavayal, Wayanad, Kerala. The pot
culture experiment was conducted from February 2023 to August 2023.

Methodology:The experiment was carried out in a completely randomized
block design with three replications along with control. Each treatment was
applied with a combination of NPK fertilizers (50% and 75% of recommended
dose of fertilizer, based on soil test data).One treatment was composed of
only organic fertilizers.

Results:The biofertilizer inoculation had a positive impact on the population
of soil microbes,which indicates good soil health. Application of
Staphylococcus equorum + Bacillus velezensis + Staphylococcus
epidermidis(consortium — 2) along with 50% of the recommended dose of
NPKfertilizers, recorded the highest plantgrowth parametersviz., plant height,
leaf length, leaf breadth, stem diameter, leaf area, shoot dry weight, and
maximum number of secondary roots.In most of the treatments, nutmeg
shoot growth was higher when compared to root growth.

Conclusion:The present study indicated that inoculation of native liquid
biofertilizer consortia enhanced the growth of nutmeg seedlings under pot
culture studiesin Wayanad. Hence liquid biofertilizer consortia can be utilized
for earlier establishment of nutmeg seedlings and thereby reduce the
dependency on thequantity of chemical fertilizers.
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1. INTRODUCTION

Nutmeg (Myrstica fragransHoutt.), a native of Maluku islands
(Indonesia), is a major export spice crop from India. Kerala, Karnataka,
Maharashtra, and Tamil Nadu are the contributers to nutmeg production in
India, with Kerala being the major producer. The perennial nutmeg spice tree
is grown for: the aril and the kernel. Nutmeg possesses a strong aroma with
a mildly sweet flavor. Nutmeg butter and essential oils are significant
derivatives of the spice. These spices find application in enhancing food
flavors andutilized in traditional medicinal practices. Nutmeg generally
requires a large quantity of major nutrients (1), leading to soil health
deterioration. Therefore, organic nutmeg cultivation needs to be encouraged,
as it is a directly consumed spice product(2). As an alternative to chemical
fertilizers, biofertilizers are widely used to reduce the quantity of chemical
fertilizers in many crops like paddy, vegetables, spices etc(3).

Microorganisms help the host plants to receive an appropriate amount
of nutrients, support healthy plant development (4), and maintain good
physiological balance without any harmful effect on the environment.
Biofertilizers are made up of efficient living microorganisms which help in root
microbe partnership leading to plant growth and development. By addressing
the rhizosphere biodiversity and utilizing soil microorganisms like Rhizobia,
Mycorrhiza, Bacillusetc, soil fertility and productivity can be increased (5).Soll
sustainability can be enhanced by isolating microbial strains with increased
plant growth-promoting characteristics from diverse agroecological zones
and subsequently introducing them for commercial use (6). In terms of
biofertilizers, liquid variants surpass carrier-based ones, exhibiting a greater
number of viable microorganisms over an extended shelf life (7). In a solid
state, the shelf life of Azotobacter, potassium mobilizing bacteria, and
Rhizobium is around 6 months, while phosphorus solubilizing
microorganisms can endure for up to 8 months. Conversely, the liquid
formulations of Azotobacter, Azospirillum, phosphorus solubilizing
microorganisms, and potassium mobilizing bacteria can last up to 2 years,
with Rhizobium maintaining viability for a period of 14 months. Carrier based
inoculants have some pitfalls like poor quality, higher contamination, clump
formation upon drying leading to significant loss of viability and unpredictable
field performance (8). Liquid biofertilizers also offer superior absorption and
more convenient applications compared to the carrier-based inoculants. By
plant and soil relationship, these beneficial bacteria boost nutrient
accessibility, hinder detrimental organisms, and instigate various
physiological processes in plants. Liquid Rhizobia with 2%
polyvinylpyrollidine, were observed to sustain a higher colony forming unit
(cfu) and proved highly successful in boosting soybean yield, in regions such
as the United States (specifically Hawaii under NifTal), Brazil, Europe
(including Spain and Argentina), and Asia (including China and Vietnam) (9).



Soil application of Azospirillum and Azotobacter were found beneficial for
nutmeg seedlings (10). The effect of Bacillus sp. consortia on nutmeg
seedlings was also found beneficial (11). Similar results (12) were obtained
for nutmeg seedlings, where inoculated nitrogen fixing bacteria and
phosphorus solubilizing microbes enhanced growth of nutmeg seedlings.
There are very few research work on the inoculation of nutmeg seedlings
with liquid biofertilizers consortia, particularly in Kerala. At present, there are
no liquid biofertilizer consortia for nutmeg in Kerala. Hence, a study was
undertaken with a major objective of evaluating the three most promising
liquid biofertilizer consortia for growth enhancement in nutmeg seedlings
under pot culture studies.

2. MATERIAL AND METHODS

Nutmeg rhizosphere soil samples were collected from Wayanad district
in Kerala and nitrogen fixers, phosphorus solubilizers, and potassium
solubilizers were isolated using standard protocols. These bacterial strains
were assessed quantitatively and qualitatively under in vitro for growth
promoting attributes such as nitrogen fixation (13), phosphorus solubilization
(14), potassium solubilization (15) and indole acetic acid (IAA) production
(16). The nine most promising isolates with abiotic stress (moisture and
temperature) tolerance were selected for pot culture studies. The liquid
biofertilizer consortia were prepared in nutrient broth supplemented with
15mM trehalose and 2.5% polyvinylpyrollidine (17).

The pot culture experiment was conducted using 6-month-old nutmeg
seedlings collected from Model nursery, Department of Plantation and Spices
crops, College of Agriculture, Vellanikkara, Thrissur. The experiment was
conducted at Block 10, Regional Agricultural Research Station, Ambalavayal,
Wayanad district, Kerala (GPS coordinates -11.615517°N latitude,
76.2133285°E longitude). The nutmeg seedlings were replanted in black
polybags of 15 x 40 cm (width x height) with potting mixture of soil, sand, and
farmyard manure in the ratio of 3:3:1 (18). The nutmeg seedlings were
maintained under 50% shaded condition. Initial soil physicochemical
properties such as soil pH, electrical conductivity, organic carbon, total
nitrogen, available phosphorus, and available potassium along with bacterial
populations such as nitrogen fixers, phosphorus solubilizers and potassium
solubilizers were recorded using standard protocols. The experiment was
conducted in Completely Randomized Design with 12 treatments and
replicated 3 times. The plot size was of 3. The treatment details were as
follows:

Ti: Microbial consortium - 1 (Staphylococcus equorum VTN2 +
Staphylococcus pasteuri PPP + Pseudomonas veroni MHK) with 50%
RDF of N, P, K



To: Microbial consortium - 2 (Staphylococcus equorumKPN3 +Bacillus
velezensis KKP1 + Staphylococcus epidermidis NMK2) with 50% RDF of
N, P, K

T3: Microbial consortium - 3 (Enterobacter sp. KPN1 + Pseudomonas
aeruginosa MKP2 + SphingobacteriumanhuienseMPK) with 50% RDF
of N, P, K

T4 PGPR Mix-1 (KAU) with 50% RDF of N, P, K

Ts:  Microbial consortium - 1 (Staphylococcus equorum VTN2 +
Staphylococcus pasteuri PPP + Pseudomonas veroni MHK) with 75%
RDF of N, P, K

Te: Microbial consortium - 2 (Staphylococcus equorumKPN3 + Bacillus
velezensis KKP1 + Staphylococcus epidermidis NMK2) with 75% RDF of
N, P, K

T7: Microbial consortium - 3 (Enterobacter sp. KPN1 + Pseudomonas
aeruginosa MKP2 + SphingobacteriumanhuienseMPK) with 75% RDF of
N, P, K

Ts: PGPR Mix-1 (KAU) with 75% RDF of N, P, K

Ty: KAU Package of practices for organic farming crops (19)

T10: RDF (Recommended dosage of fertilizer, based on soil test data)

T11: KAU Package of practices (1)

T12: Control (No inoculum, no fertilizers)

Commercial PGPR Mix - 1 (Azospirillumlipoferum,Azotobacter chroococcum,

Bacillus megaterium and Bacillus sporothermodurans) from KAU was also

used. Twenty ml of liquid consortium per plant was applied for each

treatment. PGPR Mix - 1 was applied at the rate of 20 g I"*. The population of

the bacterial strain in liquid biofertilizer consortia was 10%° g cfuml™. All the

liquid biofertilizer inoculants were mixed with farmyard manure and kept for

12 h before soil application. PGPR Mix - 1 was mixed with farmyard manure

and applied. Two applications of recommended fertilizer and liquid

biofertilizers consortia were carried out at planting and then at 90 days after

planting. Monthly observations on plant height, number of leaves, leaf length,

leaf breadth, leaf area and diameter of the stem were recorded, and

statistical analysis was performed using ANOVA through Web based

Agricultural Statistics software Package (WASP 2.0). The bacterial strain

population and soil pH of each treatment was recorded at 6 months after

plantingusing standard protocol.

3. RESULTS AND DISCUSSION

A total of 55 beneficial bacterial isolates comprising of 21 nitrogen
fixers, 18 phosphorus solubilizers and 16 potassium solubilizers were
obtained from the nutmeg rhizosphere soils of Wayanad district in Kerala.
Qualitative and quantitative screening for nitrogen fixation, phosphorus
solubilization, potassium solubilization and IAA production were carried out to
determine the most efficient bacterial strains. Potential 15 isolates (5 nitrogen



fixers, 5 phosphorus solubilizers and 5 potassium solubilizers) were selected
and screened for abiotic stress tolerance of temperature and moisture. These
15 isolates were also assessed for compatibility among themselves. Three
best isolates, each of nitrogen fixers, phosphorus solubilizers and potassium
solubilizers were selected based on efficiency and compatibility to produce 3
distinct liquid biofertilizer consortia. The 3 distinct liquid biofertilizer consortia
were designated as consortia -1 (Staphylococcus equorum VTN2,
Staphylococcus pasteuri PPP, Pseudomonas veroni MHK), consortia -2
(Staphylococcus equorumKPN3, Bacillus  velezensis KKP1,and
Staphylococcus epidermidis NMK2) and consortia -3 (Enterobacter sp.
KPN1, Pseudomonas aeruginosa MKP2, and
SphingobacteriumanhuienseMPK).

3.1. Effect of different treatments on the population of inoculated
biofertilizer strains

The final soil pH and beneficial bacterial population were recorded at 6
months after planting (Table 1). Initial soil pH was 5.68 and at 6 months after
planting, soil pH increased to 7.71 with different treatments. In the study (12),
the initial soil acidity was 4.7, which later increased with different treatments
to 5.4, by the end of 24-week-old experiment in nutmeg seedlings.

Table 1: Effect of different treatments on soil pH and population of

nitrogen fixers, phosphorus solubilizing bacteria and

potassium solubilizing bacteria at 6 months after planting

under pot culture studies.

Nitrogen Phosphorus Potassium
. fixing solubilizing solubilizing
Treatments Soil pH . _ .
bacteria bacteria bacteria
(x 10°cfug™®) | (x10°cfug™) | (x 10°cfu g™)
13.33 115.33 11.33
Ty 6.52 R a ‘
(8.123) (9.060) (8.050)
29.33 47.67 45.33
T, 6.83 be c c
(8.470) (8.68) (8.66)
24.67 31.67 12.33
T3 689 cd d f
(8.390) (8.500) (8.090)
T, 7.18 11.33 31.67 51.33




e d bc

(8.050) (8.503) (8.710)
12.67 11.33 71.33

Ts 6.98 . . .
(8.097) (8.050) (8.853)
72.67 22.00 31.33

Te 7.56 . . J
(8.860) (8.340) (8.497)
32.00 19.33 54.00

T7 692 b f b
(8.507) (8.283) (8.730)
11.67 21.33 13.33

Te 7.20 . 4 f
(8.063) (8.327) (8.123)
30.00 33.00 11.33

Tg 709 b d f
(8.477) (8.520) (8.050)
22.00 61.67 22.67

T1o 7.71 g b .
(8.340) (8.790) (8.353)
13.00 21.33 13.33

T 7.62 ¢ of f
(8.110) (8.327) (8.123)
31.67 68.33 12.67

T 6.74 ) X f
(8.517) (8.83) (8.10)

Bracket values are log transformation values. Each value represents a
mean of three replications. Mean values in a column sharing similar
alphabets do not differ significantly in ranking as determined by the DMRT
test (p<0.05).

An initial population of nitrogen fixers (18.33 x 10%, phosphorus
solubilizers (5.33 x 10°) and potassium solubilizers (20.3 x 10% were
recorded, in the potting mixture. Soil application of liquid biofertilizers allowed
the microbes to colonize the rhizosphere region more quickly. Bacterial
population increased significantly in the rhizosphere region of nutmeg
seedlings. In the study (12), bacterial population of 10%cfu g™ of nitrogen
fixing bacteria and 10°%fu g™ f phosphorus solubilizing bacteria increased to
10° nitrogen fixing bacteria and 10® phosphorus solubilizing bacteria at the
end of the 24-week-old experiment, which are in accordance with the present
study. In the present study, T; revealed the highest population of beneficial
bacteria (NPK), followed by T,. A study (20) revealed that application of liquid
biofertilizers containing Rhodopseudomonas sp. enhanced paddy growth and



yield in acid sulfate soils by reducing iron and aluminium toxicity.Many
researchers have concluded that inoculation of efficient native soil microbes
had a significant role in plant establishment and robustness of seedling
growth (10,21). The present results revealed that biofertilizers play a
promising role in nutrient input of nutmeg seedlings under pot culture, by
reducing the chemical fertilizers.

3.2. Effect of different treatments on shoot and root growth

The physiological growth parameters such as plant height, number of
leaves, leaf area, leaf length, leaf breadth and diameter of the stem in
nutmeg seedlings at 6 month after planting are presented in Table 2. The
liquid bio-inoculants had varying effects on the growth parameters. Plant
height (22.12cm), leaf length (13.03cm), leaf breadth (4.87cm), leaf area
(43.78cm?), and diameter of the stem (0.6cm) were highest in the case of
consortium - 2 (Staphylococcus equorumKPN3 +Bacillus velezensis KKP1 +
Staphylococcus epidermidis NMK2) with 50% RDF of N, P, K (T2). The
number of leaves was highest (22.67) inconsortium -1 (Staphylococcus
equorum VTN2 + Staphylococcus pasteuri PPP + Pseudomonas veroni
MHK) with 50% RDF of N, P, K(T1). For many crops, leaf length and leaf
breadth are good indicators of yield. The longer the leaves, it will receive
more sunlight, which will result in increased rate of photosynthesis (22). The
highest plant height was observed in the case ofconsortium - 2
(Staphylococcus  equorumKPN3  +Bacillus  velezensis KKP1 +
Staphylococcus epidermidis NMK2) with 50% RDF of N, P, K (T2). The
results are in accordance with the experiment (23) in walnut seedlings. The
co-inoculation of Pseudomonas chlororaphis and Acinetobacter pascens,
along with rock phosphate application, led to increased walnut seedling
growth parameters such as height, shoot and root dry weight, as well as
uptake of phosphorus and nitrogen. This approach also resulted in the
highest levels of available phosphorus and nitrogen in the soil, observed
under shade house conditions. In our study, the number of leaves were not
significantly different. Leaf fall was noticed which resulted in decreased
number of leaves. There were significant differences in the leaf length, leaf
breadth and stem diameter. Study of oil palm seedlings under greenhouse
conditions with 70% chemical fertilizers and 30% biofertilizer mixture
(Kocuriarhizophila, Arthrobacter methylotrophus, Bacillus spp. such as B.
pumilus, B. subtilis ssp.  Spizizenii, B. vallismortis, B. thuringiensis, B.
mycoides, B. mucilaginosus, Brevibacillusreuszeri, Paenibacilluspolymax,
Paenibacillusazoreducens, Azospirillumbrasilense, Aspergillus niger,
Aspergillus awamori and Saccharomyces cerevisiae Hansen) revealed
enhanced girth size, chlorophyll content, with improved nutrient uptake by the
seedlings (24).
Table 2: Effect of different treatments on the growth parameters of nutmeg

at 6 months after planting under pot culture studies



Treatments | Plant Number Leaf Leaf Leaf Stem
height of length | breadth area | diameter

(cm) leaves (cm) (cm) (cm?) (cm)

T: 20.93 22.67 | 12.27°°% | 4.83* | 39.58 0.60%

T, 22.12 14.22 | 13.03* | 4.87* | 43.78 0.60%

Ts 20.93 13.50 | 11.97 | 467" | 4135 | 0.52%
T4 18.57 12.50 | 11.84%" | 460" | 38.98 | 0.55*°

Ts 19.43 18.67 | 11.93°®® | 4.37°% | 36.93 0.60%

Te 15.43 09.67 11.22" | 4.38°9 | 41.16 0.52%
T, 17.69 08.67 | 12.28° | 454 | 3935 | 0.52
Ts 18.97 14.67 | 11.83%" | 4.30° 38.08 | 0.57*°

To 18.05 20.17 | 12.57*° | 4.44°" | 4091 | 0.58%°
T1o 19.13 07.67 | 12.63%° | 4.53" | 37.66 0.47¢
Tu 13.37 05.67 | 11.70%" | 4.47°" | 3553 0.40°
T 18.11 15.56 | 11.29°" | 4.34¢ 34.77 | 0.57%*°
CD (0.05) NS NS 0.675 0.310 NS 0.062

Each value represents a mean of three replications. Mean values in a column
sharing similar alphabets do not differ significantly in ranking as determined

by the DMRT test (p<0.05). NS - Non-Significant

The 6™ month observation revealed that 50% of recommended dose of
chemical fertilizer application with consortium, C, was the best treatment. A
study (25) revealed that application of vermicompost, 50% recommended
dose of fertilizers and biofertilizers (Azotobacter and phosphate solubilizing
bacteria) could result in higher growth, yield, and yield attributes of good
guality cucumber. The present study confirmed that the chemical fertilizer



dependency of the nutrient exhaustive crop, nutmeg could be reduced with
biofertilizers.

During the experimental period, nutmeg seedlings were diseased, the
causative microorganism was identified as Fusarium. Trichoderma sp.
(KAU) was applied to nutmeg seedlings, 2 months after planting. The second
application of biofertilizers was carried out after Trichoderma sp. application,
as the management of disease might have affected the biofertilizer strains.

After 6 months of planting, different physical attributes such as shoot
fresh weight (g), shoot dry weight (g), root fresh weight (g), root dry weight
(g) and number of secondary roots were recorded (Fig.1 - 5). Shoot fresh
weight was highest (25.5 g) in consortium -1 (Staphylococcus equorum
VTN2 + Staphylococcus pasteuri PPP + Pseudomonas veroni MHK) with
50% RDF of N, P, K(Ty), shoot dry weight (11.63 g) and maximum number of
secondary roots (21.67) were recorded in the case of consortium - 2
(Staphylococcus  equorumKPN3  +Bacillus  velezensis KKP1 +
Staphylococcus epidermidis NMK2) with 50% RDF of N, P, K (T2). Root fresh
weight (17.97 g) and dry weight (10.09 g) was highest in the case of KAU
Package of practices for organic farming crops (19), To. There was a
significant difference among the treatments with respect to root and shoot
growth at 6 months after planting. In a study (24), the treatment with the
highest dose of biofertilizers (Azotobacter and Azosprillum), 500 g, revealed
the most significant effect on seedling development, increased growth,
stimulated rooting, and the highest increase in leaf humber in Eucalyptus
grandis. Another study of field application of the biofertilizer, Bacillus
thuringiensis A5-BRSC, showed statistically significant increase in seed
germination, shoot height, root length, leaf diameter, vigor index, fruit weight,
seed weight, total fresh weight, dry weight of inoculated Abelmoschus
esculentus plants in comparison to the control plants under field conditions
27).

Fig 1: Fresh weight of nutmeg shoot as influenced by different treatments
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Fig 2: Dry weight of nutmeg shoot as influenced by different treatments
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Fig 3: Fresh weight of nutmeg root as influenced by different treatments
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Fig 4: Dry weight of nutmeg root as influenced by different treatments
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5: Number of secondary roots of nutmeg seedlings as influenced by different treatments.
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3.3. Effect of different treatments on root to shoot ratio.

The mean root to shoot ratio (R/S) recorded at 6 months after planting
ranged from 0.26 to 1.12 (Table 3). Highest R/S ratio was observed in the
case of consortium - 3 (Enterobacter sp. KPN1 + Pseudomonas aeruginosa
MKP2 + SphingobacteriumanhuienseMPK) with 75% RDF of N, P, K (T7).
The results are in accordance with the earlier studies in nutmeg seedlings
(12), where it ranges from 0.38-0.45. Lower the R/S ratio, the higher
proportion of shoots over roots.

Table 3: Effect of different treatments on root to shoot ratio of nutmeg

seedlings at 6 months after planting under pot culture studies.

Treatments Root to shoot ratio
Ty 0.5098
T, 0.5723
T3 0.4107
Ty 0.6942
Ts 0.6202
Te 0.5905
T 1.1184
Tg 0.2553
Tg 0.8066
T1o 0.6594
T 0.3973
Ti2 0.8151

Each value represents a mean of three replications.

The promising results exhibited by liquid biofertilizer consortia with
Staphylococcus equorumKPNS3 + Bacillus velezensis KKP1 +Staphylococcus
epidermidis NMK2 along with 50% RDF of NPKindicated that biofertilizers



could help in improved seedling growth (Fig 6) with reduced soil degradation.
Staphylococcus equorum has been identified as a halotolerant and seed
endophyte that boosts the shoot and root length, as well as the root weight,
of various plant species (28,29). Recent studies have reported that Bacillus
velezensis Ag75 had the ability to solubilize phosphorus, leading to increased
growth and vyield in maize plants (30). B. velezensis when combined with
organomineral fertilizer reduced the phosphate doses, improved the soll
microbial chemical properties and sugarcane biomass (31). The present
study of B. velezensis agrees with the previous reports that it is a promising
phosphorus solubilizer. Staphylococcus epidermidis YJ101, from white clover
rhizosphere soil is an efficient phosphate solubilizer and IAA producer, which
improved the growth of white clover under pot studies (32). In the present
study, it has been observed that Staphylococcus equorum(a nitrogen
fixer),Bacillus velezensis(a phosphate solubilizer) and Staphylococcus
epidermidis(a potassium solubilizer) as a liquid biofertilizer consortium makes
a remarkable increase in the overall growth development of nutmeg
seedlings.It would be interesting to study the effects of plant growth
parameters on field conditions to assess whether there will be similar or
divergent responses.

Fig 6: Effect of the best treatment on the growth of nutmeg seedlings

4. CONCLUSION

In this study, we successfully prepared three liquid biofertilizer
consortia, which can impart properties like nitrogen fixation, phosphorus
solubilization and potassium solubilization. Nutmeg seedlings treated with the
liquid biofertilizer consortia exhibited enhanced growth with respect to
various growth parameters of nutmeg. Notably, applying a 50%
recommended dose of chemical fertilizer based on soil test along with the



liquid consortium Staphylococcus equorumKPN3 + Bacillus velezensis
KKP1+ Staphylococcus epidermidis NMK2 resulted in the highest plant
height, leaf length, leaf breadth, stem diameter, leaf area, shoot dry weight,
and maximum number of secondary roots. The R/S ratio less than 1,
indicated that the aerial growth of nutmeg seedlings surpassed that of the
roots, in most of the treatments. Soil application of the liquid biofertilizer
consortium 2, not only reduces 50 % dependence on chemical fertilizers but
also enhances the robustness of nutmeg seedlings, facilitating their earlier
establishment when planted in pots.
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