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Abstract

Improper nutrient management is one of the major challenges for
sustainable production of tuberose cultivation. The present study has
utilized drones to deliver agricultural inputs, particularly nutrients, in
tuberose cultivation over 2 seasons (2022-2024) in Sathiyamangalam, Tamil
Nadu. Present study has conducted with 10 treatments replicated thrice in a
randomized block design, the treatments included NPK 19:19:19,
micronutrients, humic acid and GA; at various concentrations. Nutrients
were applied via foliar spray using drones and knapsack sprayers. Results
demonstrated a significant positive impact of drone-facilitated foliar
nutrient application on tuberose growth and yield. Drone spray of micro
nutrient mixture + 0.5 % poly feed + 0.6 % humic acid + 150 ppm GAswith
spray fluid of 50 L ha'recorded the maximum plant growth and yield
attributes over other treatments. The study showed enhanced flowering
attributes in tuberose, including a reduced time to first spike emergence
(77.18 days), increased spike length (99.22 cm) and number of florets per
spike (43.39). Additionally, higher yield and quality parameters were
observed, such as hundred floret weight (221.57 g), floret diameter (4.36
cm), floret length (6.88 cm), spike weight (126.89 g) and yield per plant
(390.51 g). Physiological parameters were also higher in plots treated with a
drone spray of MN mixture + 0.5 % poly feed + 0.6 % humic acid + GA; at 150
ppm, followed by those treated with a knapsack spray of the same mixture.
The findings revealed that foliar application of nutrients and growth
regulators using drones significantly improved the growth, yield and quality
of tuberose.

Keywords

Tuberose; Unmanned Aerial Vehicle; Nutrient spraying; Plant growth
regulators; Growth and yield

Introduction

Floriculture is a crucial sector in India, significantly boosting the economy.
The country's diverse agroclimatic conditions allow the cultivation of a wide
variety of flower crops across 2.82 lakh ha, producing 22.98 million tonnes
annually, including 614.6 lakh loose and cut flowers. India's floriculture
exports, valued at USD 88.38 million, are primarily concentrated in the
southern states (1). Tuberose, cultivated on 21.71 thousand ha in India, is a
tropical flower valued for its long-lasting spikes used as cut and loose
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flowers. Its adaptability to various climates and its use in
the perfume industry, where its volatile oil contains
compounds like geraniol and methyl benzoate, make it a
profitable crop.

Soil applied nutrients often suffer from losses due
to leaching, volatilization and runoff, reducing nutrient use
efficiency. Foliar nutrition addresses deficiencies and
significantly impacts tuberose yield by delivering macro
and micronutrients directly to the plant. Manual
application with knapsack sprayers is common, but labour
shortages and rising costs are challenges for cultivation
(2). Drone-based nutrient application offers a time- and
cost-saving alternative, reducing labour and improving
yields and crop quality. Unmanned Ariel Vehicle is called
as a drone used for both crop protection and fertilizer
application with NPK fertilizers enhancing productivity
and nutritional value. Foliar spraying during critical
growth stages is essential for optimal nutrient utilization
and improved crop production (3). This study evaluated
the impact of drone and knapsack sprayer used to
spraying of plant nutrients and growth regulators on the
growth, yield and quality of tuberose.

Materials and Methods

The experiment was conducted over 2 consecutive
seasons (June 2022 - May 2023 and June 2023 - May 2024)
in farmer field at Sathiyamangalam, Erode, Tamil Nadu
during 2022-2024. The soil texture is sandy clay loam and
slightly alkaline in nature. The experiment was laid in a
randomized block design (RBD) with 10 treatments and
replicated thrice. Treatment details are shown in Table 1.
The composition of nutrient solution contains poly feed
and micro nutrient mixture is 19:19:19 NPK/kg and 0.25 %
FeS0., 0.25 % ZnS0O,4 and 0.3 % H3BOs. Tuberose cv. Arka
Prajwal was used in the study for both seasons. Bulbs were
planted with spacing of 45 cm x 30 cm. Sprinkler irrigation
with Irrigation Water/Cumulative Pan Evaporation ratio of
1.0 was adopted and fertilizer dose of 200:200:200 kg/ha
was supplied through drip fertigation for all the
treatments.

Foliar spray of nutrient solution was done at 60
days interval from 45 days after planting using drone and
knapsack sprayer with spray fluid of 50 and 500 L ha*
respectively. Technical parameters of the drone and
knapsack sprayer was given in Table 2.

Drones were equipped with battery capacity of
16000 mAh and discharge rate of 1.5 L min®. The
effectiveness of different treatments was evaluated by
measuring growth, flower, yield and quality parameters
including physiological and leaf nutrient contents. Plant
height, number of leaves and leaf area index were
recorded at first spike emergence stage of the crop.
Different parameters were determined using specific
method details given in Table 3.

Plant samples collected at 180 days after planting
were oven-dried at 65 °C until reaching a constant weight
for nutrient analysis. To check the significant difference
between various treatments and phenological stages for
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leaf area index, the values of 2 seasons were averaged and
Two-way ANOVA was performed. Two-way ANOVA was
performed to check significant differences in crop yields
for various treatments between different seasons. All
statistical tests were performed in SPSS statistical
software (IBM SPSS Statistics 23).

Table 1. Treatment details of the experiment.

Treatments Treatment Combinations

T Drone spray of MN mixture + 0.5 % Poly feed + 0.4
! % Humic acid + 100 ppm GA;

T Drone spray of MN mixture + 0.5 % Poly feed + 0.4
2 % Humic acid + 150 ppm GA;

T Drone spray of MN mixture + 0.5 % Poly feed + 0.6
3 % Humic acid + 100 ppm GA;

T Drone spray of MN mixture + 0.5 % Poly feed + 0.6
4 % Humic acid + 150 ppm GA;

Ts Drone spray of MN mixture (control)

T Knapsack spray of MN mixture + 0.5 % Poly feed +
6 0.4 % Humic acid + 100 ppm GA;

T Knapsack spray of MN mixture + 0.5 % Poly feed +
T 0.4 % Humic acid + 150 ppm GA;

T Knapsack spray of MN mixture + 0.5 % Poly feed +
8 0.6 % Humic acid + 100 ppm GA;

T Knapsack spray of MN mixture + 0.5 % Poly feed +
o 0.6 % Humic acid + 150 ppm GA;

Tiwo Knapsack spray of MN mixture (control)

MN mixture - Micro Nutrient mixture
Poly feed - All 19:19:19 (N: P: K /kg)
GA:s- Gibberellic acid

Table 2. Technical parameters of the drone and knapsack sprayer.

cgr o as Parameters Parameters (Knapsack
Classifications (Drone) sprayer)
* *
Dimension 1520715207590 41.9*17.853.3cm
mm
Nozzle type Flood jet Hollow cone
Tank capacity 0L 0L
Spraying width 3.5m 0.75-1.0m
Spraying height 0.75-1m 20-30 cm above the
crop
No. of nozzles 4 1

Table 3. Different parameters were determined using specific method.

Parameters Analysis method

Leaf greenness SPAD meter

soluble protein content Lowery's method (27)

Nitrate reductase activity Sinha and Nicholas (28)

Total phenol content Bray and Thorpe (29)

carotenoid content Arnon (30)

Nitrogen, phosphorus and
potassium content

Micro Kjeldahl (31) and Triacid
method (32)

Feand Zn Digestion method described by (33)

Boron Dry ashing method (34)
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Results and Discussion

Effect of foliar application on growth and flowering
parameters

The experimental findings revealed that foliar application
of nutrients and growth regulators had significant impact
on the growth and flowering characters of tuberose. Plots
treated with drone spray of MN mixture, 0.5 % poly feed,
0.6 % humic acid and 150 ppm GA;s (T4) exhibited increased
plant height (69.89 cm), leaf count (26.76) and leaf area
index (1.92) at first spike emergence. It was statistically on
par with knapsack spray of MN mixture + Poly feed 0.5 % +
0.6 % Humic acid + 150 ppm GA; (To). Similarly, T4 resulted
in early spike emergence (77.18 days), increased rachis
length (36.87cm), spike length (99.22 cm) and number of
florets per spike (43.39). However, control (T1) had lower
values on tuberose growth and flowering parameters
(Table 4).

Micronutrients play vital roles in plant physiology.
Iron is crucial for chlorophyll and thylakoid synthesis and
serves as a cofactor for enzyme activation. Zinc improves
nitrogen uptake and metabolism, carbonic anhydrase
activity, tryptophan synthesis and stress tolerance. Boron
enhances the wall structure, apical growth and sugar
translocation. Micronutrient application has been shown
to enhance growth and flowering in various flower crops
such as gladiolus, chrysanthemum and marigold (4, 5). The
optimal micronutrient application enhances tuberose
flowering characteristics through foliar treatment with Fe,
Zn and B (6). Similarly, the micronutrient application
induces early flowering and increases floret length in
tuberose (7). Additionally, the application of gibberellic
acid accelerates internodal length and increases crop
growth by promoting cell division and enlargement. Foliar
spray of gibberellic acid enhances the growth of tuberose
and increases rachis length by elongating internodal
lengths (8). The foliar application of primary nutrients via
poly feed promoted increased tuberose growth by
enhancing nutrient availability during critical growth
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stages. The stimulatory effect of humic acid on stem
growth is attributed to its influence on root H-ATPase
activity and the distribution of nitrates across roots and
stems, thereby altering the distribution of cytokinins,
polyamines and abscisic acid. These findings are
consistent with similar results observed in China aster (9).
Moreover, drone application was found superior over
knapsack sprayer, which mainly due to uniform droplet
deposition with increased penetration led to efficient
translocation of nutrients in plant system. The obtained
results align with the outcomes of the experiment by (2,
10).

Effect of foliar application on yield and quality
parameters of tuberose

Drone application of MN mixture + Poly feed 0.5 % + Humic
acid 0.6 % + GA; at150 ppm was noticed with higher 100
floret weight (221.57 g), spike weight (126.89 c¢cm) and
yield/plot (28.90 kg). Similarly, it had improved quality
attributes such as floret length (6.88 cm) and diameter
(4.36 cm). Lower yield and flower quality was observed in
control (Table 5).

Positive effects on yield and quality parameters
resulted from foliar application of nutrients and plant
growth promoters, leading to increased assimilate
synthesis and efficient partitioning for flower growth. This
led to elevated flower production and overall yield, as
reported (11) in marigold and (12) in chrysanthemum.
Humic acid, containing active phenolic groups, can inhibit
peroxidase activity, prolonging the persistence of indole-3-
acetic acid (IAA) in plants. This increased production of
auxin and growth substances contributes to more floral
bud production, consistent with findings in Nicotiana
plumbaginifolia (13). Additionally, GAs enhances floret size
by promoting metabolite translocation at the floret
development site, potentially through cell elongation, thus
increasing floret diameter in tuberose (14). Gibberellins
are known for boosting the sink strength of actively
growing parts of the gladiolus (15).

Table 4. Effect of different nutrient formulations on growth and flowering parameters of tuberose.

Traits/ Plant height Number of LAI Days for first lze,igkt?, Fea:-,cghti; ;\Ilgrr‘:? se :;::
Treatments (cm) leaves spike emergence (cm) (cm) spike
T 63.84 21.14 1.59 80.33 93.97 33.48 37.65
T, 68.49 24.88 1.82 78.28 97.82 35.75 41.68
Ts 66.01 23.21 1.7 79.69 94.58 34.52 39.96
Ta 69.89 26.76 1.92 77.18 99.22 36.87 43.39
Ts 60.70 19.68 1.45 83.59 93.18 32.26 37.24
Te 62.29 19.67 1.49 81.35 93.53 32.95 37.41
Tz 68.09 24.67 1.747 78.96 97.14 35.07 41.04
Ts 65.27 22.28 1.66 80.24 95.87 34.21 39.67
To 69.52 26.15 1.89 77.93 98.59 36.18 43.03
Tio 59.53 17.82 1.41 85.46 91.78 30.82 36.86
CD (0.05) 0.742 0.836 0.032 0.650 0.293 0.571 0.271
SE(d) 0.353 0.398 0.015 0.309 0.139 0.272 0.129
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Table 5. Effect of different nutrient formulations on yield and quality parameters of tuberose.
o "SR il S N et it
T 197.04 6.54 4.15 105.12 296.21 21.92
T 216.14 6.83 4.30 119.63 358.45 26.53
Ts 201.81 6.57 4.23 110.86 321.44 23.79
Ta 221.57 6.88 4.36 126.89 390.51 28.90
Ts 189.16 6.47 4.09 101.38 281.53 20.84
Te 192.27 6.49 4.13 102.67 281.31 21.26
Tz 213.48 6.68 4.27 117.66 350.39 25.93
Ts 206.16 6.58 4.21 112.31 328.47 2431
To 220.17 6.79 4.34 124.25 377.04 27.91
Tiwo 186.86 6.42 3.98 97.21 271.37 20.08
CD (0.05) 1.16 0.021 0.015 1.128 7.76 0.744
SE(d) 0.55 0.01 0.007 0.537 3.71 0.351

The increased yield observed with drone spraying,
compared to manual application, is due to enhanced
nutrient absorption. Turbulence from the propellers
creates a downward airflow, causing leaves to flutter and
flip, resulting in greater droplet deposition on active leaf
sites. This leads to a more uniform distribution of finer
droplets, facilitating increased penetration and efficient
nutrient translocation compared to manual spraying. This
combined effect enhances crop growth and yield, aligning
with previous studies (16, 17).

Effect of foliar application on physiological parameters
and nutrient composition of tuberose

Physiological parameters such as SPAD (Soil Plant Analysis
Development) value (57.72), total soluble protein (136.55
mg/g), nitrate reductase activity (51.93 NO, g'h?),
carotenoid (0.39 mg/g) and total phenol content (18.74
mg/ 100 g) were noticed higher in the treatment with MN
mixture + Poly feed 0.5 % + 0.6 % Humic acid + 150 ppm

GAs through drone. The control plot had lower values on
physiological parameters (Table 6).

Chlorophyll content in leaves is crucial for
photosynthesis, as it enables the conversion of solar
energy into chemical energy within chloroplasts. Nitrogen
and iron are essential for increasing chlorophyll content,
with iron serving as a vital cofactor for enzymes involved in
chlorophyll synthesis (18). Soluble proteins, which are
indicative of heightened carboxylation during growth are
essential for effective photosynthesis. Humic acid, rich in
minerals, can elevate protein content in plants. The nitrate
reductase enzyme catalyses the conversion of nitrate to
nitrite, a critical step for amino acid synthesis. Its activity is
often correlated with plant growth and yield, reflecting the
plant's metabolic state (19). Enhanced nitrate reductase
activity improves nitrogen use efficiency, boosting crop
productivity. Additionally, humic acid increases leaf area
by promoting intracellular metabolism and enhancing
chlorophyll content (20).

Table 6. Effect of different nutrient formulations on physiological parameters of tuberose.

Traits/ chl ;’F:)l:)?\;;le\::[ue s Total soluble protein Nitra;eétri(‘a;i:ltl;ctase Carotenoids Total phenol content
Treatments 90 DAP (mg/g) at 90 DAP (NO, gh) (mg/g) (mg/ 100 g) at 90 DAP
T: 51.12 128.35 46.48 0.27 15.88
T, 53.65 132.67 49.48 0.35 17.84
Ts 54.23 129.72 47.67 0.32 16.97
Ts 57.72 136.55 51.93 0.39 18.74
Ts 47.82 126.54 44.38 0.23 14.76
Te 50.85 127.41 45.36 0.26 15.39
Ts 52.86 131.56 48.94 0.34 17.43
Ts 53.48 128.68 47.18 0.31 16.38
Ty 55.97 135.92 50.84 0.37 18.35
T 47.18 119.42 42.16 0.19 12.24
CD (0.05) 1.598 2.593 1.304 0.01 0.321
SE(d) 0.755 1.225 0.616 0.005 0.151
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The nutrient analyses revealed that maximum
content of macronutrients (N, P and K) and micronutrients
(Fe, Zn and B) were found in plants applied with MN
mixture + Poly feed 0.5 % + Humic acid 0.6 % + GA; at150
ppm through drone and followed by manual spraying (Ts).
Lower nutrient content was noticed in control (Fig. 1 and
Fig. 2). Increased nutrient content in leaves results from
the interaction of a micronutrient mixture, which
promotes mineral absorption and root growth, enhancing
physiological processes and nutrient utilization. Similarly,
humic materials positively impact nutrient uptake and
plant growth (21). Additionally, drone application ensures
uniform deposition of fine droplets, improving nutrient
absorption in plants (2). Due to the labour shortage drones
used for spraying of foliar nutrients at the critical stage of
the crop to improve the yield and quality parameters (22).
These findings align with studies of (23, 24) which highlight
the advantages of drone spraying in terms of coverage
uniformity and reduced chemical usage. As agricultural
technology advances, drone applications present a
promising solution for efficient and effective crop
management, particularly in ornamental horticulture
where precise nutrient management is crucial for optimal
flower quality and yield.
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Fig. 1. Effect of different nutrient formulations on available macro nutri-
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Fig. 2. Effect of different nutrient formulations on available micro nutri-
ents (ppm) of tuberose leaves.

Multivariate analysis:

Principal Component Analysis (PCA) reduces complex
datasets to uncorrelated principal components, capturing
the most variance in the data (25). PCA was employed to
examine the phenotypic diversity of different traits under
drone and knapsack spray applications of various nutrient
mixtures across 2 seasons. This statistical approach aimed
to identify the primary plant attributes contributing to the
observed variances within the population. Through PCA,
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our objective was to reveal patterns in the data that could
elucidate the effects of different treatments on plant
characteristics.

A biplot representation, displayed in (Fig. 3) was
employed to visually explore the relationships among
parameters and treatments. This graphical representation
revealed significant differences among treatments,
providing insights into the impact of different nutrient
mixtures and application methods on the observed traits.

PCA - Biplot

.
TI0

days taken.to.spike emergence

\|

Dim2 (2.2%)

8"

Dim (96.8%)

Fig. 3. Graph representing a PCA biplot.

Additionally, a correlation plot (Fig. 4) was
examined to understand the relationships between
variables and principal component groups. Notably, the
duration of spike emergence exhibited negative
correlations, while other growth and flowering parameters
showed positive correlations with the PC groups. This
suggests potential associations between certain variables
and the predominant patterns of phenotypic diversity
observed across treatments and seasons.

Correlation Plot of variables VS PCs
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plantheight
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b
5

rachis.length

Fig. 4. A correlation plot between variables and PCs.

Eigen values, % of variation and % contribution of each
variable

In the study, eigenvalues greater than 1 were observed in
the principal component (PC;) for tuberose cv Arka Prajwal
with 8.708 (96.756 % of total divergence). The percentage
of variation in relation with each principal component
could be demonstrated by a screen plot, obtained by a
graph between eigen values and principal component
numbers (Table 7) (Fig. 5).
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Table 7. Eigen values of different principal component.

PC Eigenvalue Pef,ﬁﬁ?:ﬁ%ﬁ of p(e::'ch:;:ZSZif
variance
PC. 8.708 96.756 96.756
PC; 0.195 2.168 98.924
PCs 0.052 0.578 99.502
PCs4 0.022 0.244 99.746
PCs 0.016 0.175 99.921
PCs 0.005 0.054 99.975
PC; 0.002 0.024 99.999
PCs 0 0.001 100
PCo 0 0 100
g
o o om o o o

i 2 5 4 5
Dimensions

Fig. 5. Graph representing the percentage of variance in different PC.

B ARSI DY ¥ A o
Fig. 6. Foliar application of nutrient spray through drone in the research
field.

The graph shows that in the first principal
component (PC;) had an eigenvalue of 8.708 (96.756 % of
total divergence) in tuberose cv Arka Prajwal. Eigenvalues
gradually  decreased  with  increasing  principal
components. The maximum contribution to the variance
was due to PC; followed by PC,. The PC; showed maximum
contribution of variables on principal components with
parameters viz., such as days taken for spike emergence,
plant height, spike length, rachis length, floret weight and
weight of spike as given (Fig. 3 and Fig. 5). These findings
align with the principal component analyses of key traits
in calla lily (26).

conclusion

In conclusion, the study suggests that foliar application of
various macro and micro nutrient combinations, alongside
growth regulators through UAVs, leads to enhanced
growth, flowering, vyield, quality and leaf mineral
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concentrations in tuberose flowers. In essence, it
highlights the potential of UAV technology to revolutionize
agricultural practices, offering a more efficient and precise
method for nutrient delivery and ultimately contributing
to improved crop productivity and quality in tuberose
cultivation.
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