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Abstract

The present study examined the potential of using Spathoglottis plicata Blume (Philippine ground orchid) as a sustainable landscape species by
assessing the effects of different shade and spacing conditions. The experiment was conducted in a factorial randomised block design (RBD) with
three levels of shade (0, 35 and 50 %) and three levels of spacing (60 x 45, 45 x 45 and 45 x 30 cm) in a 3 x 3 factorial arrangements giving nine
treatment combinations with each treatment replicated three times. Growth and flowering characters were recorded to assess the best
conditions for ornamental performance. Most traits showed significant interactions between shade and spacing. The treatment with 35 % shade
and 60 x 45 cm spacing led to better vegetative growth and flowering performance such as better plant spread, bigger leaves, earlier bud visibility,
earlier flowering, longer blooming period, larger flower diameter and a higher number of florets per inflorescence. On the other hand, heavier
shade increased plant height but decreased flowering quality. Moderate shade and wider spacing will increase plant vigour, flower display and
landscape value. Results indicate the good potential value of this species as a sustainable ornamental for landscape use, especially under partially
shaded conditions. Further studies should test stress tolerance and management practices to refine practical cultivation guidelines for
landscapes.
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Introduction naturalised in other warm regions such as parts of Africa, the
Caribbean and the Pacific Islands. This orchid is highly valued for its
adaptability to a range of environments, making it a favoured choice
for ornamental gardening. Spathoglottis plicata has broad, pleated
leaves that arise from a pseudobulb and showy deep purple, pink or
sometimes white flowers. The flowers are arranged in racemes for a
long period of time and the plant is very lush and vibrant. This plant
has considerable potential as a landscape element due to its striking
appearance and ecological benefits, e.g., attraction of pollinators
and contribution to biodiversity. Spathoglottis plicata is relatively low
maintenance once established and adapts well to a variety of
growing conditions. It does best in well-drained soils and in full sun
to partial shade. This plant occurs naturally in grasslands and open
woods, so it can grow in both cultivated and wild settings.

Orchidaceae is one of the largest and most diverse families of
flowering plants which includes approximately 800 genera and
30000-35000 species. India is home to a rich diversity of orchids with
approximately 1331 species belonging to 186 genera, representing
approximately 10 % of the global orchid flora (1). The Himalayas,
especially the Northeastern states, are the main habitat for many
these orchid species. This remarkable diversity is particularly
concentrated in the Northeastern states. This region harbours about
850 species of orchids, classified into 151 genera, making this region
a hotspot for orchid biodiversity (2). Assam is renowned for its rich
diversity of orchids, with approximately 293 species reported,
accounting for about 44.39 % of the orchid species found in

Northeast India and 24.42 % of the total species occurring in
India. Through the knowledge of its attributes and needs,

including the significance of shading and spacing for healthy growth
and flower performance, the landscaping designer will be able to
effectively incorporate this orchid into his landscaping projects.
Shading is a major factor in determining the physiology and

Spathoglottis plicata Blume, commonly known as the
Philippine ground orchid, is a resilient terrestrial member of the
Orchidaceae family that flourishes in tropical and subtropical
regions. Originally native to Southeast Asia, it has become widely
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appearance of ornamental plants in that it affects the process of
photosynthesis, transpiration and the uptake of nutrients (3). Light
shading has been found to increase chlorophyll formation and
hence create greener leaves that improve the efficiency of light
absorption while minimising heat stress and prolonging flowering by
increasing the amount of moisture held. Overly shading, on the other
hand, can have adverse effects on flower production and make the
plants more susceptible to diseases by reducing the amount of air
movement. Spacing of plants is highly interconnected with the
phenomenon of shading in determining growth and aesthetic
quality (4). Proper spacing enables efficient penetration of sunlight,
good circulation of air and provision of necessary nutrients, thus
ensuring proper growth without competition for resources (5).
Spacing within urban settings not only considers the mature size of
the plant but even acts as a measure for overcoming environmental
challenges. Inefficient spacing, on the other hand, may lead to
greater shading and increased competition for resources. A
successful reconciliation of spacing and shading results in a
balanced ornamental performance of plants.

Though it is a fact that the species is quite hardy and is an
appropriate choice for growing as an ornamental orchid, there has
been no systematic study conducted about how the combination of
shade intensity and planting spacing affects its overall growth and
flowering efficiency. The available studies give only generic
information about adapting to shade and spacing yet fail to identify
the best possible combination of S. plicata.

Materials and Methods

The experiment was conducted at the Experimental Farm,
Department of Horticulture, Assam Agricultural University, Jorhat-
13, in the year 2024-25, which lies within the Upper Brahmaputra
Valley Agro-Climatic Zone of Assam. The site is located at 26°47" N
latitude, 94°12" E longitude, at an elevation of 86.8 m above mean
sea level (AMSL). The topography of the land at the experimental site
is uniform.

The meteorological data collected during the investigation
period at the Meteorological Observatory of the Department of Agro-
Meteorology, Assam Agricultural University in Jorhat is illustrated
graphicallyinFig. 1.

Layout and preparation of experimental plot

The experiment was laid out using a factorial randomised block
design (RBD) with two factors (conditions and spacing) in nine
treatment combinations as mentioned in Tables 1 and 2. The
experiment consisted of 3 replications. Each experimental bed
measured 2.5 m by 1.6 m and a spacing of 0.5 m was maintained
between plots. Two shade net houses oriented in a North-South

Table 1. Experimental factors and their respective levels used in the
factorial randomised block design (RBD)

Conditions (C)

C: 0%

C2 35%

Cs 50 %
Spacing (S)

Si 60 x 45 cm
Sz 45x45cm
Ss 45x30cm

Table 2. Treatment combinations of growing conditions used in the
factorial randomised block design (RBD)

Sl. No. Notations Treatment combinations
1. T, CiS:
2. T, CiS:
3. Ts CiSs
4, Ts G5y
5. Ts C.S;
6. Te C.Ss
7. T7 CsS:
8. Ts CsS;
9. To Cs3Ss3

direction with a size of 14 m x 7.5 m x 3 m were constructed. The
frame of the houses was constructed with bamboo and was covered
with a 50 % roof screen and a 35 % roof screen of green colour to
resemble shading conditions. An open field condition without any
shade net was used to resemble 0 % shade. The planting materials
were collected from the experimental farm, Department of
Horticulture, Assam Agricultural University, Jorhat. Pseudobulb
divisions of 15 cm were taken from 3-year-old mother plants and
used for the study. Planting was carried out during the months of
July and August. Each bed consisted of 12 plants per plot. The soil
was acidic with a pH of 55 with texture of sandy loam.
Vermicompost (100 g/plant) was applied evenly across all
treatments during bed preparation to maintain uniform growing
conditions. The irrigation was provided evenly at weekly intervals
throughout the study. To enable accurate measurement, the chosen
plants in each plot were tagged 1-5. Every parameter, from planting
to flowering, was recorded at 2 month intervals and the observations
were documented.

Growth and flowering characteristics of S. plicata were
systematically recorded throughout the experiment.

Growth characters

The number of leaves per plant was counted for each sample and
the average was noted. Leaf length and breadth were measured in
centimetres (cm) using a scale and the mean values were calculated.
Plant height was measured as the distance from the base to the tip
of the longest leaf in cm, while plant spread was assessed by
averaging the distances between the outermost leaves in both East-
West and North-South directions.

Flower characters

The number of days from planting to bud visibility was recorded,
followed by the number of days taken from bud visibility to full
bloom. Blooming duration was noted from the first bloom until
senescence. Stalk length was measured from the base to the tip just
below the flower head in cm and flower diameter was recorded at
full bloom as the average of sampled flowers. In addition, the total
number of florets per inflorescence was counted at full bloom to
provide a complete assessment of flowering performance.

Statistical analysis

Data on growth and flowering were statistically evaluated in
factorial RBD using analysis of variance (ANOVA) in SPSS
software (version 21.0.0.0 IBM SPSS’Statistics). Analyses were
performed in 3 replications and the results are represented as
means. Subsequent analysis utilised these means, with
treatment effects tested via F-test at a 5 % significance level
(p = 0.05). Critical difference (CD) values were computed
exclusively when the F-test indicated statistically significant
differences between treatments.
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Fig. 1. Monthly meteorological data during the period of experimentation (2024-25).

Results and Discussions
Shade intensity and growth trade-offs

The study revealed contrasting growth trajectories under 35 % and
50 % shade that do not follow a simple pattern. It was observed
that under 50 % shade, S. plicata showed a strong investment in
vegetative elongation which produces the tallest plants (52.89 cm),
the longest stalks (79.24 cm) as mentioned in Tables 3 and 4. This
condition also showed the most elongated leaves (52.23 cm),
shown in Fig. 2, but this did not result in superior ornamental
quality. By contrast, plants under 35 % shade were shorter than
the plants under 50 % shade but consistently produced better
flowering outcomes across all recorded parameters. This pattern
suggests a trade-off between vegetative elongation and
reproductive performance, where deeper shade favours axial
elongation while moderate shade supports more productive and
ornamentally desirable flowering.

These differences in growth form are consistent with the
general concept of shade-avoidance, in which plants allocate
more to vertical extension under reduced light, while moderate
shade can support balanced vegetative and reproductive growth.
The taller plants and longer stalks recorded under 50 % shade in
this study resemble responses reported in Paeonia lactiflora,
where progressively heavier shade suppressed flowering in favour
of shoot extension and in other species where excessive shade has
been associated with reduced floral development due to altered
Callocation (6).

The results show that the growth patterns were different in
plants grown in 35 and 50 % shades, which do not seem to fit into
any trend. On the contrary, those grown in 35 % shades did not
demonstrate significant elongation growth, but instead grew
laterally, with wider leaves (5.28 cm) and bigger canopy width
(51.30 cm), showing that their growth pattern was related to
canopy expansion rather than elongation escape. This kind of
response has been shown by plants such as rose grown under
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Table 3. Leaves per plant (LP); leaf length (LL) and leaf breadth (LB) in centimetres (cm)
Treatment 60 DAP 120 DAP 180 DAP 240 DAP 300 DAP
LP LL LB LP LL LB LP LL LB LP LL LB LP LL LB
Conditions
C1(0 %) 6.17 14.67 2.76  8.47 23.04 312 11.02 28.80 3.62 11.60 32.52 4.04 11.97 40.53 4.37
C2(35 %) 6.50 15.47 2.84 10.07 24.60 3.37 12.09 32.64 3.66 12.59 37.74 440 12.90 43.28 5.28
C3(50 %) 6.11 17.00 272 9.22 2653 3.11 10.78 36.38 3.53 10.76 41.61 4.08 11.02 52.23 4.38
SEd (+) 0.08 0.21 0.03 0.29 0.78 0.06 0.32 0.65 0.04 0.33 0.47 0.07 0.17 0.53 0.06
CD(P=0.05) 0.17 0.45 0.08 0.63 1.67 0.14 0.68 1.38 0.10 0.71 1.00 0.16 0.37 1.13  0.12
Spacing
S1(60 x 45) 6.36 15.93 2.82  9.60 25.40 3.27 11.78 33.67 3.67 12.06 38.17 426 1230 47.12 4,78
S, (45 x 45) 5.17 15.77 276 9.38 24.60 3.20 1111 3233 3.60 11.63 37.25 418 11.87 44.70 4.64
S5 (45 % 30) 4.72 15.43 273 878 24.27 3.13 10.76 31.82 3.53 11.26 36.44 4,07 11.68 44.23 4.60
SEd (%) 0.08 0.31 0.03 0.29 0.36 0.06 0.32 0.46 0.04 0.33 0.47 0.07 0.17 0.53 0.06
CD(P=0.05) 0.17 0.65 0.08 0.63 0.77 0.14 0.68 0.98 0.10 0.71 1.00 0.16 0.37 1.13 0.12
Interaction (C x S)
c J;e:itn’:fi:; s 60 DAP 120 DAP 180 DAP 240 DAP 300 DAP
LP LL LB LP LL LB LP LL LB LP LL LB LP LL LB
CiS: 6.06 14.80 2.83 853 23.80 3.20 11.33 29.80 3.67 11.70 33.20 4.07 11.83 41.40 4.47
C1S2 6.33 1470 2.74 8.60  23.00 3.10 11.00 28.40 3.61 1190 32.80 4.01 12.13 40.20 4.27
CiSs 6.11 1450 2.72 8.27  22.60 3.07 10.00 28.20 3.58 11.20 31.55 4.05 11.80 40.00 4.37
C2S: 6.80 1580 290 11.00 25.00 3.42 13.00 33.80 3.78 13.80 38.88 453 13.87 45.55 5.39
C2S2 6.48 15,60 2.81 10.20 24.60 3.38 11.67 32.40 3.65 12.13 37.55 4.47 1247 42.50 5.29
C.Ss 6.33 15.00 2.79 9.00 24.20 3.31 11.60 31.72 3.55 11.83 36.78 420 1237 41.80 5.17
CsSy 6.22 17.20 2.75 9.271 27.40 3.20 11.00 37.40 3.57 10.67 4244 419 11.20 54.40 4.50
CsS, 6.10 17.00 272 9.33 26.20 3.13 10.67 36.20 3.55 10.87 41.40 4,07 11.00 51.40 4.37
CsS3 6.00 16.80 2.68 9.07 26.00 3.00 10.67 35.55 3.47 10.73 41.00 3.97 10.87 50.88 4.27
SEd (%) 0.17 0.36 0.06 0.51 0.63 0.11 0.55 0.80 0.08 0.58 0.73 0.13 0.30 0.93 0.10
CD (P=0.05) 0.30 0.78 0.14 1.09 1.33 0.25 1.18 1.69 0.18 1.24 1.55 0.28 0.65 1.97 0.22
LP: leaves per plant; LL: leaf length; LB: leaf breadth; DAP: days after planting.
Table 4. Plant height (PH) and plant spread (PS) in centimetres (cm)
Treatment 60 DAP 120 DAP 180 DAP 240 DAP 300 DAP
PH PS PH PS PH PS PH PS PH PS
Conditions
C1(0%) 29.78 17.22 31.85 23.06 35.31 30.33 43.53 38.83 47.55 4524
C2(35 %) 17.22 18.82 33.13 26.80 34.71 34.32 43.94 43.53 50.82 51.30
C5(50 %) 31.20 17.04 3431 22.04 36.90 29.56 45.48 36.78 52.89 44.29
SEd () 15.39 0.12 0.14 0.17 0.30 0.12 0.63 0.20 0.51 0.27
CD (P=0.05) 32.33 0.27 0.29 0.37 0.65 0.27 1.35 0.44 1.09 0.57
Spacing
S (60 x 45) 29.78 18.27 33.87 25.20 36.97 32.67 45.79 41.11 51.77 48.49
S, (45 x 45) 17.22 17.69 33.06 24.07 35.46 31.34 44,11 39.66 50.09 47.06
S5 (45 x 30) 31.20 17.33 32.38 22.64 34.50 30.20 43.06 38.38 49.41 45.29
SEd () 15.39 0.12 0.14 0.17 0.30 0.12 0.63 0.20 0.51 0.27
CD (P=0.05) 32.33 0.27 0.29 0.37 0.65 0.27 1.35 0.44 1.09 0.57
Interaction (C x S)
c Jﬁj‘iﬂ:tei';; s 60 DAP 120 DAP 180 DAP 240 DAP 300 DAP
PH PS PH PS PH PS PH PS PH PS
CiS: 30.33 17.53 32.33 23.93 36.07 31.87 45.00 39.33 48.47 47.27
CiS; 30.00 17.13 32.10 23.07 35.33 30.13 42.87 39.17 47.23 45.17
CiSs 29.00 17.00 31.13 22.20 34.53 29.00 42,73 38.00 46.97 43.30
G5 31.67 20.13 34.07 28.87 36.60 36.00 44.60 45.67 51.50 53.00
C.S: 31.00 18.87 32.73 26.93 34.07 34.30 43.67 43.13 50.63 51.00
C,S3 30.93 17.47 32.60 24.60 33.47 32.67 43.57 41.80 50.33 49.90
CsSy 32.87 17.13 35.20 22.80 38.23 30.13 47.77 38.33 55.33 45.20
CsS; 32.27 17.07 34.33 22.20 36.97 29.60 45.80 36.67 52.40 45.00
CsS3 31.86 16.93 33.40 21.13 35.50 28.93 42.87 35.33 50.94 42.67
SEd (%) 0.31 0.22 0.24 0.30 0.53 0.22 1.10 0.36 0.89 0.47
CD (P=0.05) 0.66 0.47 0.51 0.64 1.12 0.47 2.33 0.76 1.89 0.99

PH: plant height; PS: plant spread; DAP: days after planting.
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Fig. 2. Leaf length (LL) and leaf breadth (LB).
photo-selective shade nets, where better growth and longer-
lasting flowers had been achieved due to moderate light intensity,
supporting the conclusion that 35 % shading represented
optimum growth conditions in this case (7).

Flower characters influenced by shade

The effect of interaction of shade levels and planting distances on
reproduction was mostimportant. The combination of 35 % shade
and 60 x 45 cm planting distances (CS:) resulted in early

appearance of flower buds (66.43 days), short time for bud to
flower (31.47 days), longer period of flowering (86.33 days), higher
number of florets in an inflorescence (12.64) and large size of
flowers (5.43 cm) as mentioned in Tables 5 and 6. It can be
deduced that the combination of moderate shade and low
planting density contributed to an environment where there are
efficient assimilation of C and its partitioning into reproductive
tissues.

Table 5. Days taken to bud visibility, days to bloom from bud visibility and blooming duration (days)

Treatment Days taken to Days taken to bloom Blooming duration
bud visibility from bud visibility (from first bloom to senescence)
Conditions
C1(0 %) 71.69 40.02 80.67
C2(35 %) 67.67 34.07 84.67
C3(50 %) 82.17 47.81 78.33
SEd () 0.97 0.50 0.98
CD (P=0.05) 2.06 1.86 2.09
Spacing (cm)
S1(60 x 45) 72.08 38.78 83.11
S, (45 x 45) 73.74 40.36 82.22
S3(45 % 30) 75.70 42,77 78.33
SEd () 0.97 0.50 0.98
CD (P=0.05) 2.06 1.86 2.09

Interaction (C x S)

Treatment combinations Days taken to bud visibility

Days taken to bloom from bud

Blooming duration (from first bloom to

visibility senescence)

CiS: 70.53 38.00 81.67
C1S2 71.87 39.60 80.67
CiSs 72.67 42.47 79.67
CoS: 66.43 31.47 86.33
C2S2 67.10 34.33 85.67
C2Ss 69.47 36.40 82.00
CsSy 79.27 46.87 81.33
CsS; 82.27 47.13 80.33
CsSs 84.97 49.43 73.33
SEd () 1.68 0.87 1.71
CD (P=0.05) 3.5 1.86 3.63

Plant Science Today, ISSN 2348-1900 (online)
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Table 6. Stalk length (cm), flower diameter (cm) and number of florets per inflorescence

Treatment Stalk length (cm) Flower diameter (cm) Number of florets per inflorescence
Conditions
C1(0%) 67.30 4.15 9.97
C2(35 %) 76.20 4.95 11.06
Cs(50 %) 79.24 3.9 8.74
SEd () 2.74 0.25 0.18
CD (P=0.05) 5.82 0.54 0.39
Spacing (cm)
S1(60 x 45) 76.70 4.64 10.77
S, (45 x 45) 76.06 4.47 9.69
S3(45 % 30) 69.99 3.98 9.31
SEd () 2.74 0.25 0.18
CD (P=0.05) 5.82 0.54 0.39
Interaction (C x S)

Treatment combinations Stalk length (cm) Flower diameter (cm) Number of florets per inflorescence
CiS: 64.08 4.23 10.68
C1S2 76.15 4.28 9.73
CiSs 61.68 3.93 9.50
C2Sy 79.94 5.43 12.64
C.S: 74.34 5.21 10.47
C.Ss 74.32 4.19 10.07
CsSy 86.07 4.23 9.00
CsS; 77.68 3.91 8.87
CsS3 73.97 3.80 8.37

SEd () 4.75 0.44 0.32
CD (P=0.05) 10.08 0.93 0.68

Under 35 % shade, light was reduced but not to the extent
that it impaired flowering, while wider spacing reduced
competition for resources, together supporting earlier flowering
and improved flower size. Although specific physiological
mechanisms such as changes in spectral quality, hormone
regulation or photorespiration were not measured, the present
results are consistent with reports that intermediate shading and
adequate plant spacing can advance flowering, increase floret
number and extend the blooming period in several ornamental
species (8). Within these limitations, the combination of 35 %
shade and 60 x 45 c¢m spacing can be recommended as an
ornamentally favourable regime for S. plicata under the conditions
of this study.

Effect of plant spacing on resource competition and growth

Plant spacing exerted a clear and complementary influence on
growth and flowering, with the widest spacing (60 x 45 cm)
consistently outperforming narrower arrangements. The highest
values for leaf number (12.30) as mentioned in Fig. 3, plant spread
(48.49 cm), bud visibility (72.08 days) and flower quality at this
spacing underline the role of reduced intraspecific competition in
enhancing individual plant performance, even under favourable
light conditions (9). At lower planting densities, each plant has
access to a larger soil volume and greater shared light
environment, which together support more robust vegetative and
reproductive growth (10).

16 -

Leaves per plant
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Fig. 3. Leaves per plant (LP).
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The findings are consistent with earlier studies conducted on other
ornamental monocots. In gladiolus, wider planting distance
considerably enhanced growth of corms and inflorescences (11),
while in tuberose, lowering of plant density resulted in improved
vegetative growth and cut-flower yield (12).

Studies in China aster and marigold likewise report
improved plant architecture and flower size at lower densities,
illustrating the general principle that increased spacing tends to
reduce competition and improve individual reproductive output
(13). In ornamental sunflower, optimum plant density was
shown to maximise floret size through improved light
interception per plant (14); a similar mechanism is consistent
with the larger flower diameter (4.64 cm) observed at
60 x 45 cm spacing in the present study.

Wider spacing in this experiment also likely improved air
movement around the canopy, which has practical implications
for microclimate and plant health, although these variables were
not directly measured. Improved airflow is generally associated
with reduced humidity and a lower incidence of microclimatic
stress, conditions that may favour more rapid and uniform floral
development (15). The shorter bud visibility to bloom interval
(38.78 days) at the widest spacing therefore appears to be
associated with a more favourable physical environment around
developing inflorescences, in addition to the benefits of reduced
competition for water, nutrients and light (16).

Integrating the findings

The results showed that S. plicata distributed its resources under
different growing conditions. When shade is too deep, the plant
responds by growing taller and extending its leaves, but that
comes at the expense of flowering. When grown in full sun, heat
and stress suppress reproductive development from the other
direction. At 35 % shade, neither extreme applies, the plant
receives enough light to photosynthesise productively while being
shielded from the most damaging aspects of direct solar radiation
and there is no strong signal to elongate. Adding wider spacing to
this setting makes the situations become even more favourable.
Under these combined conditions, plants at C;S: channelled more
of their fixed C into flowers rather than stems and leaves, an
outcome that reflects findings in other herbaceous ornamentals
where moderate shade and reduced competition together
enhanced reproductive output.

Conclusion

Clearly, shade and distance have an important role to play for
Spathoglottis plicata, not only for the growth pattern but also
when it comes to appearance and performance within
landscapes. According to the data collected, the 35 % shade at a
distance of 60 x 45 cm had produced the best overall outcomes,
where healthy and well-developed leaves together with plentiful
blooms could be observed throughout the period of observation.
For tropical growers and gardeners, this information would be very
easy to implement in practice since it is based on consistent
evidence obtained regarding all traits evaluated within the
framework of this research project. There is one forewarning here
since all this information was obtained within the scope of a 1-year
experiment. Plant responses can shift with seasonal weather
patterns and what holds true in one season does not always
repeat in the next. Running similar trials across multiple seasons

would go a long way toward confirming how reliably S. plicata
responds to these conditions and whether the recommended
treatment holds up overtime.

Acknowledgements

The authors acknowledge the Department of Horticulture, Assam
Agricultural University, Jorhat, Assam, India, for providing support
throughout the research.

Authors' contributions

NB conducted the experiment, performed formal data collection
and prepared the initial draft of the manuscript. TS conducted the
plagiarism verification and refinement of the final manuscript. TT
conducted the statistical analysis. KT participated in study design
and coordination efforts. EL was involved in manuscript writing. SS
conceptualised and managed the research and provided overall
supervision. KD offered critical guidance and oversight during the
experimental phase. SD helped in manuscript editing. RMP and
MHM provided help in collection of data throughout the research
process. All authors reviewed and approved the final version of the
manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of interest
todeclare.

Ethicaliissues: None

Declaration of generative Al and Al-assisted technologies in
the writing process

During the preparation of this manuscript the authors used
Perplexity and GPT-5 Mini, to assist with language correction,
text refinement and related editorial tasks. The tool was used
only to improve clarity, grammar and presentation; all
intellectual content, conceptualisation, data collection, analysis,
interpretation and conclusions in the manuscript are the
author’s own work. The authors reviewed and edited the content
as needed and takes full responsibility for the content of the
publication.

References

1. Bhat ZA, Khan FU. Effect of spacing and corm size on growth,
flowering and corm production in Gladiolus cv. White Prosperity
under Kashmir conditions. J Hortic Sci. 2007;2(2):112-4. https://
doi.org/10.24154/jhs.v2i2.616

2. Malam VR, Singh SP, Ahlawat TR, Mathukia RK, Jat G. Effect of spacing
and crop duration on growth, flowering and bulb production in
tuberose (Polianthes tuberosa L.) cv. Double. J Horticult Sci. 2010;5
(2):134-7. https://doi.org/10.24154/jhs.v5i2.462

3. Whitman C, Padhye S, Runkle ES. A high daily light integral can
influence photoperiodic flowering responses in long day herbaceous
ornamentals.  Scientia  Horticult.  2022;295:110897.  https://
doi.org/10.1016/j.scienta.2022.110897

4. Achard P, Baghour M, Chapple A, Hedden P, Van Der Straeten D,
Genschik P, et al. The plant stress hormone ethylene controls floral
transition via DELLA-dependent regulation of floral meristem-identity
genes. Proc Natl Acad Sci U S A. 2007;104(15):6484-9. https://
doi.org/10.1073/pnas.0610717104

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.24154/jhs.v2i2.616
https://doi.org/10.24154/jhs.v2i2.616
https://doi.org/10.24154/jhs.v5i2.462
https://doi.org/10.1016/j.scienta.2022.110897
https://doi.org/10.1016/j.scienta.2022.110897
https://doi.org/10.1073/pnas.0610717104
https://doi.org/10.1073/pnas.0610717104

NEWTON ET AL

10.

11

12

Abbasnia Zare SK, Sedaghathoor S, Padasht Dahkaei MN,
Hashemabadi D. The effect of light variations by photoselective shade
nets on pigments, antioxidant capacity and growth of two
ornamental plant species: Marigold (Calendula officinalis L.) and violet
(Viola tricolor). Cogent Food Agric. 2019;5(1):1650415. https://
doi.org/10.1080/23311932.2019.1650415

Zhang X, Gao Q, Zhang Y, Li H. Effects of shade on plant growth and
flower quality in the herbaceous peony (Paeonia lactiflora). Sci Hortic.
2012;148:105-11. https://doi.org/10.1016/j.plaphy.2012.10.005

Shahak Y. Photo-selective netting for improved performance of
horticultural crops: A review of ornamental and vegetable studies
carried out in |Israel. Acta Hortic. 2008;(770):18. https://
doi.org/10.17660/ActaHortic.2008.770.18

Kumar A, Kashyap B, Dhiman SR, Pathania S, Hashem A, Abd_Allah
EF, et al. Impact of planting density and shoot thinning on
alstroemeria flowering, soil attributes and cost economics. Heliyon.
2024;10(14):e34189. https://doi.org/10.1016/j.heliyon.2024.e38158

Tokatlidis 1. Crop resilience via inter-plant spacing brings to the fore
the productive ideotype. Front Plant Sci. 2022;13:934359. doi: https://
doi.org/10.3389/fpls.2022.934359

Kumar A, Gautam D, Shekhar G, Parab GV, Sawant Dessai U,
Chandravanshi R, et al. Effect of different plant spacing and pinching
on flowering & yield quality of African marigold (Tagetes erecta L.) cv.
Pusa Narangi Gainda. Int J Adv Biochem Res. 2025;9(2):413-9. doi:
https://doi.org/10.33545/26174693.2025.v9.i2f.3811

Srivastav A, Sisodia A, Singh AK, Maurya AK, Singh M. Influence of
Corm Size and Spacing on the Growth, Flowering and Corm Traits of
Gladiolus cv. Malaviya Shatabdi. Int. J. Plant Soil Sci. 2025 ;37(5):347-
54. https://doi.org/10.9734/ijpss/2025/v37i55458

Singh KP, Sangama. Effect of planting densities on growth, flowering
and postharvest quality of cut spike in tuberose (Polianthes tuberosa)
cv. 'Single’. J Appl Hortic. 2000;2(1):54-55. https://doi.org/10.37855/
jah.2000.v02i01.17

13.  Nigam N, Kumar A, Sonkar P, Gallani R, Tiwari S. Effect of spacing on
performance of china aster (Callistephus chinensis L. Nees) under
Malwa Plateau conditions of Madhya Pradesh. Jour of Orna Horti.
2024 Jul. 16;27(1):36-41.

14. Mladenovi¢ E, Cveji¢ S, Joci¢ S, Cuk N, Cukanovié J, Jockovié M, et al.
Effect of plant density on stem and flower quality of single-stem
ornamental sunflower genotypes. Hortic Sci (Prague). 2020;47(1):45-
52. doi: https://doi.org/10.17221/10/2019-HORTSCI

15.  Shamshiri RR, Jones JW, Thorp KR, Ahmad D, Man HC, Taheri S.
Review of optimum temperature, humidity and vapour pressure
deficit for microclimate evaluation and control in greenhouse
cultivation. Int J Agric Biol Eng. 2018;11(6):1-11.

16. Gowtham K, Chethankumar C, Hemalatha P, Rajkumar R. Effects of
plant spacing and NPK fertilizer rates on growth, flowering, yield and
quality of daisy (Aster amellus L.) cv. Purple Multipetal. J Exp Agric Int.
2025;47(7):47-59. https://doi.org/10.9734/jeai/2025/v4Ti73545

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1080/23311932.2019.1650415
https://doi.org/10.1080/23311932.2019.1650415
https://doi.org/10.1016/j.plaphy.2012.10.005
https://doi.org/10.17660/ActaHortic.2008.770.18
https://doi.org/10.17660/ActaHortic.2008.770.18
https://doi.org/10.1016/j.heliyon.2024.e38158
https://doi.org/10.3389/fpls.2022.934359
https://doi.org/10.3389/fpls.2022.934359
https://doi.org/10.33545/26174693.2025.v9.i2f.3811
https://doi.org/10.9734/ijpss/2025/v37i55458
https://doi.org/10.37855/jah.2000.v02i01.17
https://doi.org/10.37855/jah.2000.v02i01.17
https://doi.org/10.17221/10/2019-HORTSCI
https://doi.org/10.9734/jeai/2025/v47i73545
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

