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ABSTRACT

Aromatic turmeric (Curcuma aromatica Salish.) is an important medicinal and aromatic crop valued for
its rhizomes rich in essential oils and bioactive compounds, widely used in pharmaceutical, cosmetic,
and traditional medicinal preparations. However, poor sprouting often limits crop establishment and
productivity. The present study was conducted during 2022-23 and 2023-24 at the Horticultural Research
Station, Mondouri, Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal to evaluate the effect of
microbial bio-priming on germination, growth, yield, and quality of aromatic turmeric. The experiment
was laid out in a Randomized Block Design with ten treatments and three replications using the local
germplasm ‘Goalpokhar Local’. Treatments consisted of hydro-priming and different combinations of
Trichoderma viride, Trichoderma harzianum, and Pseudomonas fluorescens used for rhizome bio-
priming prior to planting. The results revealed significant variation among treatments for growth, yield
and quality parameters. Bio-priming of rhizomes with Trichoderma harzianum (10 g/l of water) +
Pseudomonas fluorscens (10 g/l of water) recorded the earliest sprouting, highest germination
percentage, maximum plant height, number of leaves and tillers per clump and greater pseudo stem girth.
The same treatment also produced the highest rhizome yield with increased clump weight and number of
primary and secondary fingers, resulting in superior projected yield per hectare. Moreover, microbial
bio-priming significantly improved quality parameters such as dry matter content, curcumin content,
oleoresin and essential oil, while also reducing disease incidence and storage rot of rhizomes. The study
demonstrates that microbial bio-priming with Trichoderma harzianum and Pseudomonas fluorescens is
an effective and eco-friendly strategy for improving growth, yield, and quality of aromatic turmeric
under Eastern Indian conditions.

Keywords Aromatic turmeric, Bio-priming,
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Aromatic turmeric (Curcuma aromatica Salisb.),

Introduction including India, China and Sri Lanka, and forms an

integral component of traditional medicinal systems

a member of the family Zingiberaceae, is an important
medicinal and aromatic plant cultivated mainly for its
highly fragrant rhizomes. It is considered the second
most important species of the genus Curcuma after
Curcuma longa in terms of rhizome production and
utilization (Sikha et al., 2015). The species is widely
distributed throughout South and Southeast Asia,

such as Ayurveda, Siddha and Unani (Ahmad et al.,
2011; Anoop, 2015). In India, aromatic turmeric occurs
naturally in the Himalayan region, Western Ghats and
several eastern states including West Bengal. The
rhizomes of aromatic turmeric possess a characteristic
camphoraceous aroma and contain several bioactive
compounds including curcuminoids, essential oils and
oleoresins that contribute to its medicinal and industrial
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value. These phytochemicals exhibit diverse biological
activities such as antioxidant, antimicrobial, anti-
inflammatory and anticancer properties (Pant et al.,
2013; Revathy and Malathy, 2013; Yu et al., 2011).
The essential oil of aromatic turmeric is widely utilized
in pharmaceutical, cosmetic and food industries (Pant
et al., 2013). Owing to these properties, the crop has
gained increasing importance in herbal medicine,
skincare formulations and nutraceutical products (Al-
Reza et al., 2010; Sikha et al., 2015). Despite its
potential, the productivity of aromatic turmeric largely
depends on efficient crop establishment, vegetative
growth, and rhizome development. The crop is
propagated vegetatively through rhizomes, and the
performance of planting material plays a crucial role in
determining germination, plant vigor, and ultimately
yield. Enhancement of early growth attributes such as
germination percentage, plant height, number of tillers,
and leaf development directly influences biomass
accumulation and rhizome vyield. In recent years, pre-
planting treatments such as bio-priming have gained
attention as a sustainable approach to improve crop
performance. Bio-priming involves hydration of
planting material along with inoculation of beneficial
microorganisms, which enhances germination, seedling
vigor, and overall plant growth (Rafi and Dawar,
2015). Previous studies have demonstrated that bio-
priming with microbial agents can significantly
improve growth parameters and yield attributes by
enhancing physiological efficiency and nutrient
utilization (Menon et al., 2016). Considering the
importance of improving growth, yield, and quality
traits in aromatic turmeric, the present investigation
was undertaken to evaluate the effect of bio-priming
treatments on germination, vegetative growth, rhizome
yield, and quality parameters of aromatic turmeric.

Materials and Methods

The present investigation entitled “Influence of
bio-priming with beneficial microorganisms on
growth, vyield and quality of aromatic turmeric
(Curcuma aromatica Salisb.)” was conducted for two
consecutive Kharif seasons (2022-23 and 2023-24) at
the Horticultural Research Station, Mondouri, Bidhan
Chandra Krishi Viswavidyalaya (BCKV), Mohanpur,
Nadia, West Bengal, India. The experimental site is
geographically located at 22.94° N latitude and 88.51°
E longitude with an elevation of 9.75 m above mean
sea level, representing the New Alluvial Zone of West
Bengal under a sub-tropical humid climate. The
experimental field consisted of sandy clay loam soil
with good drainage and moderate fertility status. A
locally adapted aromatic turmeric germplasm,
‘Goalpokhar Local’, was used as planting material.

Healthy and uniform rhizomes were collected from
farmers’ fields of Uttar Dinajpur district, West Bengal.
The experiment was laid out in a Randomized Block
Design (RBD) with three replications. Each treatment
plot measured 3.0 m x 1.0 m, accommodating 40
plants per plot at a spacing of 30 cm x 25 cm. The crop
was planted on 1% April during the Kharif season.
Healthy rhizomes of turmeric were dipped in different
concentrations of bio priming agent for 30 minutes for
pre planting rhizome treatment. The treatments
consisting of T;-Hydropriming with distilled water,
T,-Trichoderma viride (5 ¢/l of water), Ts-
Trichoderma viride (10 g/l of water), T,-Trichoderma
harzianum (10 ¢/l of water), Ts-Trichoderma
harzianum (20 g/l of water), Ts-Pseudomonas
fluorscens (10 g/l of water), T,-Trichoderma viride (5
o/l of water) +Pseudomonas fluorscens (10 g/l of
water), Tg-Trichoderma viride 10 g/l of water)
+Pseudomonas fluorscens (10 g/l of water), To-
Trichoderma harzianum (10 g/l of water) +
Pseudomonas fluorscens (10 g/l of water) and Tio-
Trichoderma harzianum (20 g/l of water) +
Pseudomonas fluorscens (10 g/l of water). The field
was prepared by thorough ploughing followed by the
formation of raised beds. Farmyard manure was
applied at 25 t ha™ along with a recommended dose of
fertilizers (150:75:150 kg N:P:K ha™), where half of
nitrogen and full phosphorus and potassium were
applied as basal, and the remaining nitrogen was top-
dressed at 60 days after planting (Tripathi et al., 2019).
Mulching was done using dried paddy straw
immediately after planting, and earthing up was carried
out at 90 days after planting. The crop was grown
mainly under rainfed conditions with supplemental
irrigation as required, and manual weeding was
performed at regular intervals. The crop was harvested
at maturity in early January when the aerial parts dried
completely, and rhizomes were cleaned and shade-
dried. Observations on growth parameters such as days
taken for germination, germination percentage at 30
days after planting, plant height (cm), number of tillers
and leaves, length and width of leaves (cm), and girth
of pseudo stem (cm) were recorded at monthly
intervals from five randomly selected plants per plot at
180 days after planting. Yield and yield attributes
including clump weight, size, number and weight of
primary and secondary fingers, mother rhizome
characteristics, yield per plot, and projected yield per
hectare were recorded at harvest. Quality parameters
such as dry matter content, curcumin content
(spectrophotometric method at 425 nm), oleoresin
content (Soxhlet extraction), and essential oil content
(steam distillation using Clevenger apparatus) were
determined after harvest by the following standard
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procedures. The experimental data were statistically
analyzed using analysis of variance (ANOVA) for
randomized block design, and treatment means were
compared at 5% level of significance.

Results and Discussion
Growth parameters

The results presented in table-1 clearly showed
that bio-priming treatments significantly influenced
germination and growth in aromatic turmeric. The
minimum days taken for germination was recorded in
Te (17.17 days), followed by T:.o (19.17 days), Ts
(19.84 days), and T+ (20.50 days), whereas the control
T: required 24.83 days. The highest germination
percentage was observed in Ty (94.00%), followed by
T1o (92.67%) and Ts (89.66%), while the lowest was
recorded in T: (79.50%). The improved germination
under bio-priming treatments may be due to enhanced
seed vigour and protection against soil-borne
pathogens, which is supported by the findings of
Lingyun et al. (2017) and Bhargava et al. (2015).

Significant improvement in growth parameters
was observed under bio-priming treatments. The

1714

maximum plant height was recorded in T:o (153.44
cm), closely followed by To (151.59 cm) and Ts
(148.16 cm), whereas the lowest was observed in T
(134.06 cm). The number of tillers per clump was
highest in T, (3.78), followed by T.. (3.53) and Ts
(3.48), while T: recorded the lowest (2.95). Similarly,
the number of leaves per clump was highest in Tio
(11.24) and T (11.23), compared to the lowest value
in T. (7.94). Leaf length was maximum in T1o (73.29
cm), followed by T (72.48 cm), whereas T recorded
the minimum (61.74 cm). Leaf width also followed a
similar trend, with the highest value in T1o (18.15 cm),
followed by Ts (17.90 cm), and the lowest in T
(15.30 cm). These improvements may be attributed to
enhanced nutrient uptake and growth-promoting effects
of microbial inoculants, as reported by Menon et al.
(2016) and Kumar et al. (2010). The girth of pseudo
stem was highest in T1o (10.12 cm), followed by T,
(9.97 cm) and Ts (9.86 cm), whereas the lowest value
was recorded in T: (8.82 cm), indicating stronger plant
development under combined bio-agent treatments

Table 1 : Effect of bio-priming treatments on germination and growth parameters of aromatic turmeric (Curcuma

aromatica Salisb.)

Days taken for | Germination | Plant | Number | Number | Length of Width Girth
Treatments germination percentage height | of tillers | of leaves leaves of leaves | of pseudo
(DAP) (%) (cm) clump® | clump® clump® | clump-' | stem (cm)

T, 24.83 79.50 134.06 2.95 7.94 61.74 15.30 8.82

T, 24.50 81.50 138.54 3.03 8.36 61.94 16.51 9.13

T 23.50 84.67 141.54 3.17 9.18 67.17 16.60 9.27

T, 22.34 85.83 144.67 3.18 9.59 67.50 16.74 9.42

Ts 23.17 86.90 146.04 3.19 9.98 68.28 16.75 9.55

Te 22.50 82.33 139.02 3.08 8.77 66.60 16.58 8.98

T, 20.50 88.50 147.56 3.16 10.42 69.92 17.22 9.69

Tg 19.84 89.66 148.16 3.48 10.83 70.19 17.39 9.86

T 17.17 94.00 151.59 3.78 11.23 72.48 17.90 9.97

Tio 19.17 92.67 153.44 3.53 11.24 73.29 18.15 10.12

S.Em () 0.346 1.268 1.819 0.048 0.141 0.857 0.211 0.139

C.D.(P=0.05) 1.037 3.796 5.446 0.142 0.422 2.565 0.633 0.417

Similar enhancement in plant vigour due to bio-
inoculants has been reported by Kevimeo and
Tiameren (2013). Overall, the combined application of
Trichoderma harzianum and Pseudomonas fluorescens
(Te and Tio) proved to be the most effective
treatments for improving germination and enhancing
plant growth in aromatic turmeric. The results
highlight the synergistic effect of bio-agents in
promoting plant health and productivity under field
conditions.

Yield parameters

The results presented in Table-2a and 2b,
indicated that bio-priming treatments significantly
improved yield attributes and overall productivity of
aromatic turmeric. The maximum weight of clump was
recorded in T1o (416.84 g), followed by Ts (407.17 g)
and Ts (388.92 g), whereas the lowest was observed in
T: (284.85 g). Similarly, clump length was highest in
T1o (20.93 cm), followed by Ts (20.73 cm), while T:
recorded the lowest value (17.24 cm). Clump width
also showed a similar trend, with the maximum in T,
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(15.93 cm) and minimum in T.: (14.09 cm). The
volume of clump was highest in T.o (438.48 cc),
followed by Ts (416.57 cc), whereas the lowest was
recorded in T: (293.10 cc). The increase in clump size
and volume under bio-priming treatments may be
attributed to enhanced nutrient uptake and better
translocation of photosynthates, which is in agreement
with the findings of Kumar et al. (2010) and Menon et
al. (2016).

Primary finger attributes were also significantly
influenced by the treatments. The highest number of
primary fingers per clump was recorded in Tio
(12.55), followed by T+ (12.39) and Ts (11.87), while
the lowest was in T: (10.02). The maximum weight of
primary fingers was observed in T.o (186.22 g),
followed by T. (179.26 g), whereas the lowest was

recorded in T: (122.14 g). Primary finger length and
width were also highest in T1o (8.33 cm and 2.53 cm,
respectively), followed by Ts (8.43 cm length and 2.47
cm width), while the lowest values were recorded in
T: (659 cm and 1.87 cm, respectively). These
improvements in finger development may be due to the
plant growth-promoting activities of bio-agents, which
enhance root growth and nutrient availability.

Secondary finger parameters also followed a
similar trend. The highest number of secondary fingers
per clump was recorded in Ts (21.55), closely
followed by T:o (21.36) and Ts (21.21), whereas the
lowest was observed in T. (16.81). The maximum
weight of secondary fingers were recorded in To
(140.65 g), followed by T:.o (138.00 g), while the
lowest was in T (84.64g).

Table 2a : Effect of bio-priming treatments on yield attributes and yield of aromatic turmeric (Curcuma
aromatica Salisb.)
Weight of Length of | Width of Volume Primary finger clump™ .
Treatments clump (g) clump clump of clump Number Weight (g) Length | Width
(cm) (cm) (cc) (cm) (cm)
T 284.85 17.24 14.09 293.10 10.02 122.14 6.59 1.87
T, 295.90 18.23 14.63 316.21 10.44 129.27 6.81 1.94
Ts 307.83 18.83 15.11 337.73 11.24 136.41 7.54 2.23
T, 324.58 19.48 15.71 353.66 11.33 152.25 7.65 2.25
Ts 339.71 19.77 15.32 360.38 11.52 159.34 7.88 2.26
Te 303.43 18.34 14.95 322.84 10.85 144.43 7.40 1.95
T, 352.59 19.94 15.69 373.30 11.58 165.08 8.01 2.37
Tg 388.92 20.44 15.61 405.89 11.87 173.12 8.28 2.38
Ty 407.17 20.73 15.77 416.57 12.39 179.26 8.43 2.47
Ty 416.84 20.93 15.93 438.48 12.55 186.22 8.33 2.53
S.Em () 4.946 0.245 0.191 4.653 0.167 2.210 0.122 0.035
C.D.(P=0.05) 14.811 0.734 0.573 13.932 0.496 6.618 0.366 0.106

Table 2b : Effect of bio-priming treatments on vyield attributes and yield of aromatic turmeric (Curcuma

aromatica Salisb.)

Secondary finger clump™ Mother rhizome Yield
Treatments Weight | Length | Width | Weight | Length | Width Yield per Projected
Number | gy | em) | em) | @ | em) | em) | o PO | ield (tha)
(kg/3.0 m?)

T, 16.81 84.64 2.01 1.65 70.59 5.76 3.25 9.03 22.58

T, 16.86 93.77 2.14 1.72 72.65 6.01 3.38 9.64 24.11

T3 17.65 93.86 2.74 1.80 77.16 6.74 3.41 10.75 26.89

T, 18.80 93.30 3.01 1.88 78.58 6.81 3.71 11.14 27.86

Ts 19.64 100.12 3.14 1.87 80.19 7.01 3.45 11.81 29.53

Te 17.86 91.81 2.21 1.86 74.31 6.65 3.43 10.00 25.00

T, 20.56 103.89 3.15 2.01 83.17 7.05 3.81 12.49 31.22

Tg 21.21 133.01 3.62 1.95 82.44 7.45 3.91 13.95 34.88

Ty 21.55 140.65 3.39 2.02 87.21 7.68 4.05 15.31 38.27

Tio 21.36 138.00 3.69 2.06 92.56 7.66 4.08 15.45 38.63

S.Em (3) 0.282 1.586 0.042 0.028 1.155 0.099 0.053 0.170 0.424

C.D.(P=0.05) 0.844 4.749 0.124 | 0.082 3.458 0.297 0.158 0.508 1.270
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Secondary finger length and width were highest in
T1o (3.69 cm and 2.06 cm, respectively), followed by
Ty (3.39 cm and 2.02 cm), whereas the lowest values
were observed in T: (2.01 cm and 1.65 cm). The
increase in number and size of fingers under bio-
priming treatments may be attributed to improved
rhizome development and efficient utilization of
nutrients.

Mother rhizome characteristics were also
significantly enhanced by bio-priming treatments. The
highest mother rhizome weight was recorded in Tio
(92.56 @), followed by T (87.21 g), whereas the
lowest was observed in T: (70.59 g). The maximum
length of mother rhizome was recorded in To (7.68
cm), closely followed by Tio. (7.66 cm), while the
lowest was in T: (5.76 cm). Similarly, the highest
width was recorded in T1o (4.08 cm), followed by T
(4.05 cm), whereas the lowest was observed in T
(3.25 cm). These results indicate better rhizome
enlargement under combined bio-agent treatments.

The vyield parameters clearly demonstrated the
superiority of bio-priming treatments. The highest
yield per plot was recorded in T:o (15.45 kg per 3.0
m?2), closely followed by Ts (15.31 kg), whereas the
lowest was observed in T: (9.03 kg). Similarly, the
projected yield was highest in T:o (38.63 t ha),
followed by Ts (38.27 t ha') and Ts (34.88 t ha™),
while the lowest was recorded in T: (22.58 t ha™). The
significant increase in yield under bio-priming
treatments may be attributed to improved plant growth,
enhanced nutrient uptake, and reduced disease
incidence. These findings are in agreement with earlier
reports by Reddy et al. (2003) and Shabir et al. (2013),
who observed increased yield and productivity due to
the application of Trichoderma and Pseudomonas.
Overall, the combined application of Trichoderma
harzianum and Pseudomonas fluorescens (Ts and T1o)
proved to be the most effective treatments in enhancing
yield attributes and overall productivity of aromatic
turmeric. The results clearly indicate the synergistic
effect of these bio-agents in improving rhizome
development and yield under field conditions.

Quality Parameters

The data presented in Table-3 demonstrated that
bio-priming treatments had a marked effect on the
quality attributes of aromatic turmeric. Among the
different treatments, the highest dry matter content was
recorded in T1o (26.65%), followed by Ts (25.53%)

and Ts (25.06%), whereas the lowest was observed in
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T: (21.61%). The increase in dry matter under bio-
priming treatments may be attributed to Curcumin
content was significantly enhanced by bio-priming
treatments. The highest curcumin content was recorded
in To (1.58%), followed by T.. (1.49%) and Ts
(1.39%), while the lowest was observed in T: (1.12%).
The increase in curcumin content may be due to
enhanced metabolic activity and synthesis of secondary
metabolites induced by beneficial microbes. Similar
findings were reported by Singh et al. (2013), who
observed increased curcumin content in turmeric with
bio-inoculation.

Table 3 : Effect of bio-priming treatments on quality
parameters of aromatic turmeric (Curcuma aromatica
Salish.)

Dry | Curcumin | Oleoresin | Essential
Treatments | matter | content content oil
(%) (%) (%) (%)
T, 21.61 1.12 6.68 2.26
T, 22.55 1.16 7.28 2.45
T, 23.50 1.19 7.62 3.19
T, 24.42 1.24 7.85 3.60
Ts 24.64 1.29 8.25 3.72
T 23.67 1.18 7.41 2.86
T, 24.85 1.35 8.58 3.96
T 25.06 1.39 8.89 4.21
T, 25.53 1.58 9.09 4.54
T 26.65 1.49 9.31 4.46
S.Em () 0.353 0.019 0.117 0.049
C.D.(P=0.05) | 1.057 0.056 0.350 0.147

Oleoresin content also showed a significant
increase under bio-priming treatments. The maximum
oleoresin content was recorded in Tio (9.31%),
followed by T (9.09%) and Ts (8.89%), whereas the
lowest was observed in T1 (6.68%). This improvement
may be attributed to enhanced biochemical processes
and accumulation of essential compounds in rhizomes,
as supported by earlier findings of Choudhary et al.
(1996).

Essential oil content was also significantly
influenced by the treatments. The highest essential oil
content was recorded in Ty (4.54%), followed by T,
(4.46%) and Ts (4.21%), while the lowest was
observed in T: (2.26%). The increase in essential oil
content may be due to improved synthesis of volatile
compounds under the influence of bio-agents. Similar
enhancement in essential oil content due to microbial
inoculation has been reported by Reddy et al. (2011).
Overall, the combined application of Trichoderma
harzianum and Pseudomonas fluorescens (To and T1o)
proved to be the most effective treatments in
improving quality parameters such as dry matter,
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curcumin, oleoresin, and essential oil content in
aromatic turmeric. The results indicate that bio-priming
not only enhances growth and yield but also improves
the biochemical quality of the produce.

Conclusion

The present investigation revealed that bio-
priming significantly improved germination, growth,
yield, and quality of aromatic turmeric (Curcuma
aromatica Salish.). Among the different treatments, the
combined application of Trichoderma harzianum and
Pseudomonas fluorescens (Ts and T:o) proved to be
the most effective in enhancing plant growth, rhizome
yield, and quality attributes such as curcumin,
oleoresin, and essential oil content. The findings
suggest that microbial bio-priming is an eco-friendly
and sustainable approach for improving productivity
and quality of aromatic turmeric under field conditions.
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