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ABSTRACT

Curcuma longa L. (family Zingiberaceae), one of the earliest spices cultivated in
Southeast Asia, has been used for centuries as a natural remedy for chronic diseases.
This study investigated the effects of triacontanol (TRIA) and silicon dioxide (SiO,)
on turmeric’s development, biochemistry, and yield attributes. An experiment
using a randomized block design (RBD) applied eight spray treatments at 5-day
intervals: (T-0) DDW (control), (T-1) 1 ppm TRIA, (T-2) 2 ppm TRIA, (T-3) 4 ppm
TRIA, (T-4) 200 ppm SiO,, (T-5) 1 ppm TRIA + 200 ppm SiO,, (T-6) 2 ppm TRIA
+ 200 ppm SiO,, and (T-7) 4 ppm TRIA + 200 ppm SiO,. Key results revealed that
treatment T-7 (4 ppm TRIA + 200 ppm SiO,) produced the highest shoot length per
plant (18.93% increase) and fresh weight (68.53% increase), whereas T-3 (4 ppm
TRIA) yielded the maximum root length per plant (45.45%), number of leaves per
plant (38.88%), leaf area (48.54%), and rhizome length (73.33%). Biochemically,
T-3 showed the highest total chlorophyll content (10.97% increase), while T-7
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displayed the maximum total carotenoids content increase (36.47%). Crucially, T-3
(4 ppm TRIA) significantly enhanced yield, increasing the number of rhizomes
per plant by 52.94%, the weight of rhizome per plant by 112.28%, and essential oil
(EO) content by 45.45%. The study concludes that 4 ppm TRIA (T-3) optimizes root
growth, chlorophyll, rhizome yield, and EO content, while the combination of 4
ppm TRIA and 200 ppm SiO, (T-7) is most effective for shoot growth, fresh weight,

and carotenoids accumulation in turmeric.
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INTRODUCTION

Curcuma longa L. (turmeric), a medicinally
important plant widespread in the Ayurveda,
Siddha, and Unani systems of Indian
medicine, used as a common household
remedy for the treatment of various diseases.'™
Curcuma longa L. is a short-stemmed
perennial plant belonging to the ginger family
(Zingiberaceae), which possesses large oblong-
shaped leaves and produces ovate, pyriform,
or oblong-shaped rhizomes that are usually
dichotomously branched and brownish-
yellow in colour.>*¢ It is used as a food additive
(spice, preservative, and dye) in several Asian
countries, such as China and Southeast Asia.
India has a long tradition of utilizing plants in
medicine. It is also believed to be a good omen
and runs as a tradition in religion. In ancient
Hindu medicine, it is used predominantly for
the treatment of sprains and swelling due to
injury.” In Indian medicinal system, turmeric
powder has been traditionally employed for
the treatment of anorexia, biliary disorders,
cough, diabetes, coryza, wounds, rheumatism,
hepatic diseases, and sinusitis.”® Curcuma
longa is applied to treat diseases connected
with abdominal cramps in China. The
coloring principle of turmeric is the highest
component of this plant, contributing to its
anti-inflammatory effect.'” The rhizomatous
herbs forming the genus occur in the tropical
belt, but it is cultivated as a spice mainly in
India, Southeast Asia, and Indonesia.®*'°

India holds a leading position in global
turmeric production. It is grown across
the country, but large-scale cultivation is
mainly concentrated in the southern and
eastern regions, including West Bengal,
Andhra Pradesh, Karnataka, Orissa, and
Tamil Nadu.>*"" Curcuminoids are the main
phytochemical ingredients in turmeric.

In turmeric, curcuminoids concentration
fluctuates between 2 and 9%, depending
on cultivar, soil, and climatic conditions.'*"
Turmeric contains carbohydrates (69.4%),
moisture (13.1%), proteins (6.3%), fats (5.1%),
and minerals (3.5%). The essential oil (EO)
(5.8%) has sesquiterpenes (53), zingiberene
(25%), cineol (1%), phellandrene (1%), and
borneol (0.5%).11314

Rhizomes or fingers provide the common
mode of turmeric propagation. The most
suitable time for planting is from April
through June in India, depending on the local
agroclimatic conditions. It is a plant adapted
for warm and wet weather conditions." Early
planting with a soil temperature of 30-35 °C
provides good and quick germination. Optimal
growth is achieved in fertile and well-drained
soils such as clayey, sandy, alluvial loam, black
and red.’

TRIA is a 30-carbon primary alcohol, which
has plant growth-regulating activity.>®* TRIA
has been used as a plant growth regulator since
1977, and it promotes plant development and
yield ina variety of crops, including sweet basil,
canola, coffee, coriander, fennel, lemongrass,
maize, mint, opium poppy, tomato, rice,
soybean, and wheat.’>? Foliar spray of TRIA
boosts plant biomass, photosynthetic pigment
content, EO content, antioxidant enzyme
activities, gas exchange parameters, carbonic
anhydrase (CA) activity, nitrate reductase
(NR) activity, mineral nutrient acquisition,
osmolytes accumulation, yield, and quality
aspects.?1?2

TRIA has been identified as a substance that
mitigates salinity stress, thereby enhancing
crop productivity across a range of crops,
including Zea mays, Glycine max, Helianthus
annuus, Raphanus sativus, Coriandrum sativum,
Mentha piperita, and Erythrina variegata.*
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Silicon is the most plentiful element in the
earth’s crust, second only to oxygen. It occurs
in various forms such as calcium silicate,
potassium silicate, rock dust, and fine silica
particles, and it is an important trace element
for inducing resistance against diverse
stresses, diseases, and pathogens of plants.”
The application of silicon dioxide (SiO,) helps in
abiotic and biotic stress conditions in plants.?*?
It provides defense” and resistance against
herbivores and pests,® and also hinders the
penetration of bacteria, fungi, and nematodes,
and increases disease resistance.””? Silicon
can regulate plant growth development, plant
water relation, leaf thickness, metabolism,
elasticity and plasticity of the cell wall.”

Keeping the medicinal value and commercial
properties of turmeric in mind, a hypothesis
was developed to study the impact of TRIA
and SiO, (alone or in combination) could
promote plant development, physiological,
biochemical, and yield characteristics of
turmeric.

MATERIAL AND METHODS

Plant material and treatments

The Keshari variety of turmeric rhizome was
obtained from the Council of Scientific and
Industrial Research (CSIR), National Botanical
Research Institute (NBRI) in Lucknow,
Uttar Pradesh. The rhizomes were planted
in August 2021. The field experiment was

carried out using a Randomized Block Design.
Three sprays were applied at 5-day intervals
to ensure comprehensive coverage. Different
doses are shown in Table 1.

Table 1: Different doses of TRIA and SiO,

Treatments Doses

TO DDW (control)

T-1 1 ppm TRIA

T-2 2 ppm TRIA

T-3 4 ppm TRIA

T-4 200 ppm SiO,

T-5 1 ppm+200 ppm (TRIA+ SiO,)
T-6 2 ppm+200 ppm (TRIA+ SiO,)
T-7 4 ppm+200 ppm (TRIA+ SiO,)

Site location, agro-climatic conditions and
soil properties

To study the effect of TRIA and SiO, on
Curcuma longa L. To achieve this goal a field
experiment was conducted at Botanical
Garden (27°13'34.9”N 78°00°'51.2” E) DEL Agra
(U.P.) India, and situated at 163 m sea level
height. The agroclimatic conditions of August
to December at the experimental site are
detailed in figure 1, while Table 2 presents the
physiochemical properties of the soil before
the plantation of Curcuma longa L. rhizomes.
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Figure 1: Climatic conditions during the growing metrological standard weeks
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Estimation of pH, electrical conductivity
(EC), and salinity of soil

Samples of the soil were collected randomly
from the experimental site, at a depth of
about 0-30 cm. Samples were air-dried and
sieved via using 2 mm sieve to eliminate the
granular fraction for determination of pH,
EC, temperature, and salinity of soil (Table 2).
Three replicants of each sample, measured 20
gm soil and mixed with 50 mL distilled water
were made and each replicant was shaken for
5 min and kept for 30 min. pH, EC, and salinity
were measured through the method given by
Singh et al.** and all soil samples were analyzed
through water analyser 371 (Systronics India).

Table 2: Physiochemical properties of the soil.

Property Value
Soil depth (cm) 0-30
pH (1:2) 7.12
EC (dS.m™) 1.87
Salinity (ppt) 11.97
Moisture content (%) 20
OC (%) 5.98
N (%) 0.0028
Na (%) 0.0142
K (kg/ha) 26.760
P (kg/ha) 26.76
Sand (%) 30
Silt (%) 40
Clay (%) 30
Soil texture type Loam soil

Determination of moisture content, soil
texture, and organic carbon of soil

Soil moisture content was analyzed
by Kadam and Shinde’s gravimetric and
international pipette method.* Organic carbon
was analyzed by using Walkley and Black
method.®

Estimation of nitrogen, sodium, phosphorus,
and potassium in soil

Soil nitrogen content was determined
through the alkaline permanganate method
(Kjeldahl method) given by Page.> Sodium
determination was done according to the
protocol given by Knudsen et al.®* and
potassium was measured by flame photometer
according to the protocol given by Ghosh et al.*
Phosphorus was determined according to
Olsen’s method given by Olsen and Sommers,*

and the absorbance of phosphorus colour
intensity was measured by spectrophotometer
at 882 nm.

Growth, biochemical and yield parameters

In these experiments the following growth
parameters are measured during the study
viz., shoot length per plant, root length per
plant, fresh weight of shoot, number of leaves
per plant, leaf area per plant, and length of
rhizome. Biochemical parameters are total
chlorophyll and carotenoids content, and yield
parameters are number of rhizomes per plant,
weight of rhizome and EO content in leaves.

Each plant from the respective treatment was
carefully harvested, and both shoot and root
lengths were measured using a meter scale.
The fresh weight of each plant was determined
using an electronic balance. The leaf area of
the upper, middle, and lower leaves of each
Curcuma longa L. plant sample was assessed
by using graph paper. The count of rhizomes
present in each plant was determined. The
weight of rhizomes in each plant was measured
using an electronic balance. In each treatment,
plants were harvested carefully, and the length
of rhizomes was measured with a meter scale.

Estimation of total chlorophyll and

carotenoids content in leaves

The total chlorophyll and carotenoids
content were estimated by the method of
MacKinney* and MacLachlan and Zalik,*”
using a spectrophotometer at 645 and 663 nm
(for chlorophyll estimation) and for carotenoids
estimation at 480 and 510 nm.

Extraction of EO

The EO was extracted and quantified by
gravimetrical method given by Guenther.*® 100
g fresh leaves were used for extraction through
hydrodistillation (3h) wusing Clevenger’s
apparatus.

Statistical analysis

All growth and yield parameters observed
value were analyzed by SPSS software.

RESULTS

Effect of TRIA, SiO, and their combination
on growth traits

The foliar application of TRIA, SiO,, and their
combined treatment exhibited a significant

impact on both shoot and root length per plant,
as depicted in Figure 2A and 2B. Notably, the
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application of 4 ppm TRIA led to a significant
enhancement in shoot length per plant (16.66).
Furthermore, the combined treatment,
comprising 4 ppm TRIA and 200 ppm SiO,,
demonstrated an even more pronounced effect,
elevating the shoot length by 18.93 in Curcuma
longa L. when compared to the control.

Turning attention to root length, the
application of TRIA at 4 ppm exhibited a
substantial improvement, increasing root
length by 45.45%. Similarly, the combined
treatment of 4 ppm TRIA with 200 ppm SiO,
showed a significant impact, elevating root
length per plant by 38.18% as compared to the
control.

The foliar application of TRIA, SiO,, and their
combination produced significant impacts on
shoot fresh weight per plant. Notably, the4 ppm
TRIA resulted in a substantial improvement
of 37.68%, while the combined treatment of
4 ppm TRIA with 200 ppm SiO, exhibited an
even more remarkable enhancement of 68.53%,
as illustrated in Figure 3A.

In terms of the number of leaves per plant,
4 ppm TRIA led to a noteworthy increase of
38.38. Moreover, the combined treatment of 4

ppm TRIA with 200 ppm SiO, demonstrated a
considerable impact, elevating the number of
leaves per plant by 27.77 in comparison to the
control group, as depicted in Figure 3B.

The foliar application of TRIA, SiO,, and
their combination resulted in significant
improvements in leaf area. Specifically,
both the application of 4 ppm TRIA and
the combined treatment (4 ppm TRIA + 200
Si0,) demonstrated significant increases,
registering at 48.54% and 36.47 %, respectively,
as compared to control.

Additionally, the length of rhizomes
exhibited substantial growth under the
influence of 4 ppm TRIA, showcasing a
remarkable increase of 73.33. Similarly, the
combined treatment (4 ppm TRIA + 200 ppm
Si0,) positively impacted rhizome length,
demonstrating a notable growth of 47.61%
over the control.

These results underscore the efficacy of both
TRIA and the combined treatment in positively
influencing the growth parameters of
Curcuma longa L., providing valuable insights
for optimizing plant development.
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Figure 2: Effect of TRIA, SiO, and their combination on (A) Shoot length/plant, (B) Root length/plant. The data is statistically
significant with a p-value < 0.05, and the means were compared using DMRT
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Figure 4: Effect of TRIA, SiO, and their combination on (A) Leaf area, (B) length of rhizome. The data is statistically significant with
a p-value < 0.05, and the means were compared using DMRT

Effect of TRIA, SiO, and their combination
on physio-biochemical related traits Total
chlorophyll and carotenoids content in leaf

The foliar application of TRIA, SiO,, and their
combination resulted in significantly improved
leaves total chlorophyll and carotenoids content.
Notably, the treatment with 4 ppm TRIA led to
a significant increase total chlorophyll content
(10.97) and the combined treatment (4 ppm TRIA
+ 200 ppm SiO,) exhibited an 8.7 improvement
as compared to control, as illustrated in Figure
5A.

Similarly, the total carotenoids content saw
a positive impact, with the application of 4
ppm TRIA resulting in a notable increase of
19.42. The combined treatment (4 ppm TRIA
+ 200 ppm SiO,) further enhanced carotenoids
content, showing a significant growth of 36.47
compared to the control, as depicted in Figure
5B. These findings highlight the effectiveness of
both 4 ppm TRIA and the combined treatment
in enhancing the photosynthetic pigments,
providing valuable insights for optimizing
plant physiological processes.
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Figure 5: Effect of TRIA, SiO, and their combination on (A) Total chlorophyll content (B) Total carotenoids content. The data is
statistically significant with a p-value < 0.05, and the means were compared using DMRT

Effect of TRIA, SiO, and their combination
on yield traits

The foliar application of TRIA, SiO,, and
their combination significantly enhanced
the yield attributes. The maximum weight of
rhizome increased by an impressive 112.28
with the combined treatment of 4 ppm TRIA
and 200 ppm SiO,. Additionally, the weight
of rhizomes also saw a substantial increase of

54.95 with the application of 4 ppm TRIA alone
compared to the control, as depicted in Figure
OA.

Furthermore, the number of rhizomes
exhibited growth, increasing by 47.05 with
both 4 ppm TRIA alone and the combined
treatment of 4 ppm TRIA and 200 ppm SiO,,
in comparison to the control, as illustrated in
Figure 6B.
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The EO content of Curcuma longa L. reached
its maximum with the combined treatment
of 4 ppm TRIA and 200 ppm SiO,, showing
a substantial increase of 45.45. Spraying
with 200 ppm SiO, alone also resulted in an
important rise of 27.27. While the treatments
with 1 ppm, 2 ppm, and 4 ppm TRIA exhibited

a consistent and significant increase of 18.18
compared to the control, as depicted in Figure
6C. These findings underscore the significant
positive impact of the treatments on the yield
attributes and EO content, providing valuable
insights for enhancing the overall productivity
of Curcuma longa L.
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Figure 6: Effect of TRIA, SiO, and their combination on (A) Weight of rhizome (B) Number of Rhizome/plant (C) EO content of
Curcuma plant. The data is statistically significant with a p-value < 0.05, and the means were compared using DMRT

DISCUSSION

TRIA has been shown to enhance various
aspects of plant growth and development,
including photosynthesis, protein synthesis,
yield, nitrogen fixation, water absorption,
nutrient uptake, antioxidant enzyme activities,
and the levels of secondary metabolites in
various crops.?’? Silicon, another beneficial
nutrient, also plays animportantrole in growth,
development, and abiotic stress tolerance.**

The foliar application of plant growth
regulators and nutrients can significantly
improve crop yield and secondary metabolites
in medicinal plants.***! Furthermore, the use of
TRIA in foliar spray applications at different
concentrations has shown positive impact on
the growth and physiological attributes of
various crops.

Ali and Perveen* observed that, 1 pM
TRIA (foliarly applied) significantly enhanced
stomatal conductance, photosynthetic
pigments, flavonoids, and anthocyanin
contents in Triticum aestivum L. Similarly,
Perveen et al® reported that 5 pM TRIA
improved growth, physiochemical attributes,
and drought tolerance in Zea mays L.
Additionally, Naeem et al.** observed that a
concentration of 10°® M TRIA enhanced growth,
photosynthetic pigments, herbage yield, and
EO content in Mentha arvensis L. The positive
effects of TRIA have also been demonstrated
in other crops, such as Foeniculum wvulgare®
and Zingiber officinale,> where foliar sprays of
TRIA significantly increased yield, chlorophyll
content, and EO yield.

In parallel, silicon nanoparticles (SiNPs) have
shown similar benefits. Mukarram et al.?® found
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that a foliar spray of 150 mg L SiNPs enhanced
the photosynthetic rate, chlorophyll content, and
EO content in Cymbopogon flexuosus. Siddiqui
et al* applied nano-SiO, under salt stress,
nano-5iO, (exogenously applied) increased
growth attributes, chlorophyll pigments,
proline content, and CA activity in Cucurbita
pepo L.

Moreover, Othman et al.” demonstrated
that foliar application of SiO, (333 mg L")
and 1-ethoxysilatrane (102 mIL?) significantly
increased total chlorophyll and carotenoids
content, fresh weight, height, and number
of leaves in Lactuca sativa. Janmohammadi et
al.*® observed enhanced plant height, number
of flowers, plant canopy, achene vyield,
and photosynthetic pigments in Carthamus
tinctorius L. with a foliar spray of 20 mM
Si0,. Simko et al.*’ observed that foliar spray
of 510, at 3.66 mM on Lactuca sativa enhanced
crop yield under abiotic stress.

In the case of Solanum lycopersicum L.,
Parveen and Siddiqui® found that foliar
spray containing 0.20 g L™ SiNPs led to higher
levels of proline, antioxidant enzymes and
photosynthetic pigments, against pathogens.
Overall, the research suggests that both TRIA
and silicon-based treatments can significantly
enhance plant growth, development, and
stress tolerance in various crops.

CONCLUSION

The foliar application of TRIA, SiO,, and
their combined treatment demonstrated
significant impacts on various growth
parameters in Curcuma longa L. Specifically,
the application of 4 ppm TRIA resulted in a
substantial enhancement in shoot length, root
length, shoot fresh weight, and the number
of leaves per plant. The combined treatment
of 4 ppm TRIA with 200 ppm SiO, showed
even more remarkable improvements in these
parameters.

Moreover, both TRIA and the combined
treatment positively influenced leaf area,
with significant increases recorded. The
height of rhizomes also exhibited substantial
growth under the influence of 4 ppm TRIA
and the combined treatment. These findings
highlight the efficacy of both TRIA and the
combined treatment in positively influencing
the growth parameters of Curcuma longa L.,
providing valuable insights for optimizing
plant development.

Furthermore, TRIA, SiO, and their
combination as foliar application resulted
in significant improvements in leaves
total chlorophyll and carotenoids content,
enhancing photosynthetic pigments and
providing valuable insights for optimizing
plant physiological processes.

Lastly, the yield attributes were significantly
enhanced, with the combined treatment of
4 ppm TRIA and 200 ppm SiO, leading to an
impressive increase in the maximum weight
of rhizome, the number of rhizomes, and the
EO content. These findings underscore the
significant positive impact of the treatments on
the yield attributes and EO content, providing
valuable insights for enhancing the overall
productivity of Curcuma longa L.
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