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Abstract

Regulating planting time under a congenial growing environment could
improve growth, flowering and yield as well and thus the quality of crop
production. A field experiment was carried out to identify appropriate
planting time and growing conditions for flower regulation in marigolds
(Tagetes erecta L.) in factorial randomized block design with 5 different
planting dates, under open and naturally ventilated polyhouse conditions in
two marigold cultivars (cv (s).), ‘Pusa Narangi Gainda’ and ‘Pusa Basanti
Gainda’. It was noted that planting dates, growing environments and
varieties had significant effects on growth and flowering parameters.
Results showed that the 10" of July planting under naturally ventilated
polyhouse condition using marigold cv. ‘Pusa Narangi Gainda’ exhibited
luxuriant vegetative growth, which ultimately resulted in enhanced flower
yield per plant (730.43 g) and per square meter (6.89 kg) with a greater
benefit-to-cost ratio (2.86) and hence, was found economically best for
commercial production of marigold. However, economic flower yield was
also obtained under naturally ventilated polyhouse conditions till August
planting.

Keywords
economics; naturally ventilated polyhouse; open field; staggered planting;
Tagetes erecta

Introduction

Tagetes spp. L., commonly known as marigold and belonging to the
Asteraceae family, is a widely cultivated crop in India and valued for its
commercial importance in loose flower production. It is indigenous to
Central and South America (1). Genus Tagetes encompasses approximately
55 species (2), among which Tagetes erecta L. and Tagetes patula L. are the
most important commercially cultivated species. It has gained popularity
due to its ease of cultivation, wider adaptability, profuse flowering, short
juvenility, extended blooming period, visually appealing hues with varied
forms, sizes and durable keeping quality. It is one of the primevally
cultivated flowering plants for ornamental purposes in tropical and
subtropical regions around the world (3). India’s diverse agroclimatic
conditions are immensely conducive to the commercial cultivation of
marigolds, leading to its widespread cultivation across many states. Among
traditional loose flowers grown in India, marigold holds a prominent
position in terms of both area and production (4). Marigold is being
cultivated in 80980 ha with a production of 941.46 MT (5).

Plant Science Today, ISSN 2348-1900 (online)


http://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/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/
https://doi.org/10.14719/pst.4605
https://doi.org/10.14719/pst.4605
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.4605&domain=horizonepublishing.com
http://www.horizonepublishing.com/
https://doi.org/10.14719/pst.4605
mailto:panchalsangmeshad123@gmail.com

SANGMESH ETAL

Marigold has huge market demand and is extensively used
to make floral garlands, divine offerings and social
occasions, for the beautification of landscapes, carpet
bedding, potted plants and additionally for making
different processed products (6). It is also being explored
for the production of natural products and therapeutic
components. Marigold is favoured for production of
carotenoid pigments, namely lutein, zeaxanthin and
xanthophylls, which aid in vision and protect the retina,
skin, breast and cervical tissue (7, 8). Lutein is also being
used as a food colorant and is also included in poultry feed
to achieve desired pigmentation (9-12). Tagetes oil is the
most unique and exquisite perfume used in cosmetics and
as an insect repellent (13). Marigold contains thiophane
compounds with medicinal and nematocidal properties,
making it an effective trap crop for tomatoes and onions
under an integrated pest management system to reduce
the menace of fruit borer (14, 15). Its cultivation can
increase farmers’ income and attract industrial interest for
its potential for value addition (16, 17).

Flowering can be influenced by numerous factors that
include the inherent characteristics of genotype or the
growing environment and cultivation aspects. To regulate
flowering, various techniques can be employed viz,
genetic, physiological and mechanical approaches. These
strategies offer an opportunity to modulate the
developmental cycle by inducing or hindering plant
growth and its maturation to coordinate flowering with
the market demand (18). Diverse growing conditions and
geographical location of the area provide distinct
environmental attributes for flower cultivation (19). The
growing environment for any commercial flower grower is
determined by various factors, including temperature and
photoperiod. Temperature plays a crucial role in
cultivation which increases linearly from its base
temperature to the optimum (20). The optimal
temperature for marigolds range between 18 °C and 23 °C,
with night temperature being 15.5-18 °C and the daytime
temperature of 18-22 °C for quality flower production (21).
Crops cultivated beneath polyhouses have a positive
impact on their vegetative as well as reproductive phases
when compared to those grown in open fields (22). Apart
from other cultivation prerequisites, planting date is also
an essential aspect that determines the flower quality and
yield (23).

Marigold (Tagetes spp. L.) is cultivated year-round across
India, making the availability of quality flowers essential
for profitable production (24, 25). This crop is especially
lucrative during the October-November festival season
when demand peaks. However, there is a significant need
for loose flowers from November to February, but low
temperatures and frost during winter prevent open-field
cultivation in regions like the mid-hill zones of Himachal
Pradesh (26). Protected cultivation offers a solution by
creating a favourable environment, extending the growing
season and supporting consistent crop productivity. While
advances in protected cultivation have shown promise,
more research and public awareness are needed to
optimize its use for sustainable flower production (27).

2

Given the crop’s significance from the farmers’ point of
view, there is a prime need to identify a convenient
planting time and appropriate growing environment for
commercial cultivation for loose flower production during
the winter season. This study intends to examine the
impact of different planting dates and growing
environments on growth as well as the flowering of the
‘Pusa Narangi Gainda’ and ‘Pusa Basanti Gainda’ cultivars
of marigold.

Materials and Methods
Experimental location

The study was carried out from June 2020 to February
2021 at the Experimental Farm of the Department of
Floriculture and Landscape Architecture, Dr. Yashwant
Singh Parmar University of Horticulture and Forestry,
Nauni, Solan, Himachal Pradesh, at a 30°52°02” N latitude
and 77°11’30” E longitude and at an elevation of 1276 m
above mean sea level. The region falls under the mid-hill
zone of Himachal Pradesh with a sub-temperate to sub-
tropical climate and is characterized by warm summers
and moderate winters.

Planting material

Seeds of commercially grown marigold cultivars of
Himachal Pradesh, namely ‘Pusa Narangi Gainda’ and
‘Pusa Basanti Gainda’, were procured from the Indian
Agricultural Research Institute, New Delhi and seedlings
were raised in the nursery.

Experimental procedure

The experiment was conducted in a factorial randomized
block design with three replications, using 2 marigold
cultivars, ‘Pusa Narangi Gainda’ (Vi) and ‘Pusa Basanti
Gainda’ (V,). Healthy, uniform seedlings (4-6 leaf stage)
were transplanted at 30 cm x 30 cm spacing on 5 planting
dates: 10% of July (D1), 25 of July (D), 10* of August (Ds),
25% of August (Ds) and 10% of September (Ds), under 2
conditions: open field (E;) and naturally ventilated
polyhouse (Ez). Growth and flowering of marigolds are
substantially influenced by temperature, which is over 4 °C
more acute in naturally ventilated polyhouse than open
field conditions (Fig. 1). Standard crop management
practices, including irrigation, weeding, pinching, staking
and crop protection, were applied throughout the course
of the experiment.

Data were collected on growth, flowering and yield
parameters like plant height (cm), spread (cm), number of
primary and secondary branches, days to flower bud
formation and flowering, flowering duration (days), flower
size (cm), number of marketable flowers per plant and per
square meter and yield per plant and per square meter (g).
The economics of marigold cultivation were also evaluated
for a200 m? area.

Statistical analysis

Data of various parameters were analysed through the
analysis of variance (ANOVA) technique utilizing the F-test
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Fig. 1. Meteorological data during the crop period (June 2020-April 2021).

for factorial randomized block design in the program
OPSTAT (28, 29). Comparisons of means have been
performed because of critical differences (CD) at 5% levels
of significance. The regression analysis was computed
between various parameters and yield using Microsoft
Excel software (30).

Results

Effect of staggered planting and growing environment
on growth parameters

During the investigation period, data on various growth
attributes of marigolds, namely, plant height (cm), spread
(cm), number of primary branches and number of
secondary branches per plant were documented. From the
data, it is evident that there was a significant effect of
staggered planting on the growth of marigold cultivars,
‘Pusa Narangi Gainda’ and ‘Pusa Basanti Gainda’, under
open and naturally ventilated polyhouse conditions (Table
1). July planting favoured the maximum vegetative
growth. The 10* of July planting resulted in the most
vigorous vegetative growth, with the highest plant height
(159.65 cm), plant spread (61.70 cm), several primary
branches (4.71) and secondary branches per plant (55.04).

There was a significant increase in plant growth of
marigolds in terms of plant height (116.71 cm), plant
spread (55.34 cm), number of primary branches (3.94) and
secondary branches per plant (45.15) was observed under
naturally ventilated polyhouse condition as compared to

300.00
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open condition. Between cultivars, more plant height
(107.01 cm), number of primary branches (3.89) and
secondary branches (42.90) were recorded in ‘Pusa
Narangi Gainda’ in comparison to ‘Pusa Basanti Gainda’,
but more plant spread was observed from ‘Pusa Basanti
Gainda’ (51.39 cm) than Pusa Narangi Gainda’ (48.44 cm)
(Fig. 2 & 3).

Effect of staggered planting and growing environment
on flowering parameters

The flowering attributes of marigold cvs., ‘Pusa Narangi
Gainda’ and ‘Pusa Basanti Gainda’, showed a significant
difference concerning different planting dates and growing
environments (Table 1). The earliest planting (10% of July)
took the maximum time for bud formation (55.61 days)
whereas the earliest flower bud formation was noted in
the crop planted on 25 of August (39.85 days). As regards
flowering, the earliest flowering was noted in the crop
planted on the 25" of July (68.90 days), followed by the
10™ of August planting, which took 69.85 days. Whereas
the 25 of August planting took the maximum time (76.38
days). A delay in flowering was noted with further
extending the date of planting to the 25™ of August (76.38
days) and the 10%" of September (74.50 days).

Crop grown under open conditions produced early buds
(43.48 days) and consequently they flowered earlier (65.44
days) as compared to polyhouse conditions. Further, early
bud formation was observed in ‘Pusa Basanti
Gainda’ (46.47 days) which also produced early flowering
(69.85 days) in comparison to ‘Pusa Narangi Gainda’. The
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Table 1. Effect of planting dates, growing environment and cultivars on growth, flowering and yield parameters

Growth parameters

Flowering parameters

Yield parameters

Days

Num- tak)én Num Num- Market- Market-
Num- ber of f Days Dura- ber of ber of able able

Plant Plant ber of or taken : Size of market- flower

. € . second- flower tion of market- flower .

Palrtlcu- height  spread Pbrlma;"y ary bud toflow-  gower-  flower able ﬂable yield yield
ars ranch- erin ) owers per

(em) (em) esper  Pranch- for- & dll'lg (cm) flowers per Fl’ert square

plant Tasl::{ mation  (days) (days) pFl,aerl;t square p(g;\ meter
(days) meter (kg)
D. 159.65 61.70 4,71 55.04 55.61 74.79 107.89 7.01 100.27 943.75 537.36 5.30
D 137.45 58.54 4.14 46.01 48.81 68.90 101.36 6.78 69.78 695.08 422.86 4.47
D; 101.66 50.43 3.65 42.08 43.15 69.85 91.40 6.33 54.40 465.50 309.90 3.08
Da 67.96 39.68 3.19 25.71 39.85 76.38 82.27 5.92 27.22 272.00 155.90 1.71
Ds 57.08 39.22 3.28 23.17 47.33 74.50 77.04 5.46 20.00 201.50 101.10 1.18
Mean 104.76 49.91 3.79 38.40 46.95 72.88 91.99 6.30 54.33 515.57 305.43 3.15
SE(m) 2.41 1.01 0.08 1.07 0.29 0.26 0.22 0.02 1.72 13.67 11.83 0.11
CD (0.05) 6.89 2.88 0.24 3.06 0.82 0.75 0.62 0.07 4.92 39.16 33.88 0.31
E: 92.81 44.50 3.65 31.66 43.48 65.44 79.04 5.86 41.16 392.17 210.97 2.19
E: 116.71 55.34 3.94 45.15 50.42 80.33 104.94 6.73 67.51 638.97 399.88 4,11
Mean 104.76 49.91 3.79 38.40 46.95 72.88 91.99 6.30 54.33 515.57 305.43 3.15
SE(m) 1.52 0.64 0.05 0.68 0.18 0.16 0.14 0.02 1.09 8.65 7.48 0.07
CD (0.05) 4.36 1.82 0.15 1.93 0.52 0.47 0.39 0.04 3.11 24,77 21.42 0.20
\'A 107.01 48.44 3.89 42.90 47.43 75.92 93.83 6.59 52.46 501.37 324.97 3.31
V. 102.52 51.39 3.70 33.91 46.47 69.85 90.15 6.01 56.21 529.77 285.88 2.99
Mean 104.76 49,91 3.79 38.40 46.95 72.88 91.99 6.30 54.33 515.57 305.43 3.15
SE(m) 1.52 0.64 0.05 0.68 0.18 0.16 0.14 0.02 1.09 8.65 7.48 0.07
CD (0.05) 4.36 1.82 0.15 1.93 0.52 0.47 0.39 0.04 3.11 24,77 21.42 0.20

D;-10% of July, D,-25'" of July, Ds-10% of August, Ds-25" of August, Ds-10t of September

E:-Open condition, E,-Naturally ventilated polyhouse condition
Vi-Pusa Narangi Gainda, V,-Pusa Basanti Gainda

longest flowering duration (107.89 days) with maximum
flower size (7.01 cm) was observed when the marigold was
planted on the 10" of July. Crop grown under naturally
ventilated polyhouse condition rendered large flowers
(6.73 cm) with extended duration (104.9 days) as
compared to open condition. In addition, the crop of cv.
‘Pusa Narangi Gainda’ flowered for longer duration (93.83
days) with larger flower size (6.59 cm) in comparison to cv.
‘Pusa Basanti Gainda’ (90.15 days) (Fig. 2 & 3).

Effect of staggered planting and growing environment
on yield parameters

The highest number of marketable flowers per plant
(100.27) and per square meter (943.75) was recorded with
planting on the 10" of July (Table 1). In the case of the
growing environment, more marketable flowers per plant
(67.51) and per square meter (638.97) were recorded from
the crop grown under naturally ventilated polyhouse
conditions than in open field. Marigold cv. ‘Pusa Basanti
Gainda’ produced a greater number of marketable flowers
per plant (56.21) and per square meter (529.77) as
compared to cv. ‘Pusa Narangi Gainda’.

The highest marketable flower yield per plant (537.36 g)
and per square meter (5.30 kg) was observed on the 10t of
July planted crop, whereas the 10*" of September planting
had the lowest yield (Table 1). The crop grown under
naturally ventilated polyhouse conditions produced
maximum yield per plant (399.88 g) and per square meter
(4.11 kg) compared to open conditions. ‘Pusa Narangi
Gainda’ imparted more flower yield per plant (324.97 g)
and per square meter (3.31 kg) ‘Pusa Basanti Gainda’ (Fig.
2 &3).

Interaction effect of staggered planting and growing
environment on growth, flowering and yield parameters

The interaction effect between planting date and marigold
cultivar (DxV), planting date and growing environment
(DxE) and growing environment and marigold cultivar
(ExV) exhibited significant differences for all the
parameters (Table 2). Significant differences were also
recorded due to interaction between planting dates,
growing environment and cultivars for growth, flowering
and yield parameters (Table 3). Plant height (168.31 cm)
and number of secondary branches (66.39) were
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D3VI

D3Vl

Fig. 2. Superior performance of marigold cv. ‘Pusa Narangi Gainda’ was
planted on the 10t of July, 25% of July and 10* of August at peak flowering.
(Left Column: Open Field; Right Column: Naturally Ventilated Polyhouse
Conditions).

significantly higher when marigold cv. ‘Pusa Narangi
Gainda’ was planted on the 10" of July under naturally
ventilated polyhouse condition. Similarly, duration of
flowering (123.67 days), flower size (7.66 cm), number of
marketable flowers per plant (117.78) and per square
meter (1074.00) and marketable flower yield per plant
(730.43 g) and per square meter (3.31 kg) were maximum
on 10t of July planted a crop of cv. ‘Pusa Narangi Gainda’
under naturally ventilated polyhouse condition (Fig. 2 & 3).

Economics of marigold cultivation for flower production
under open and naturally ventilated polyhouse
conditions for an area of 200 m2

Data depicted in Table 4 illustrate that the marigold cv.
‘Pusa Narangi Gainda’ planted on the 10" of July under
naturally ventilated polyhouse condition gained net
returns of Rs. 50248.97 per 200 m? with a benefit-to-cost
ratio of 2.86, followed by ‘Pusa Basanti Gainda’ planted on
the 10™ of July under polyhouse condition that gave a
benefit-to-cost ratio of 2.43 with net returns of Rs.
42035.66 per 200 m?2 However, economic flower yield was

D3V2

D3V2

Fig. 3. Superior performance of marigold cv. ‘Pusa Basanti Gainda’ was
planted on the 10%" of July, 25% of July and 10" of August at peak flowering.
(Left Column: Open Field; Right Column: Naturally Ventilated Polyhouse
Conditions).
also obtained by extending the planting time up to August
25" under open field conditions, whereas it can be
extended up to the 10" of September under polyhouse
conditions with both the cultivars of marigold.

Regression analysis of growth and flowering attributes
with yield of marigold cultivars as influenced by
staggered planting and growing environments

The regression analysis computed for growth and
flowering attributes with yield revealed a strong to weak
correlation (Fig. 4). The regression analysis related to the
flowering attribute, duration of flowering along with
growth attributes, namely, plant height, number of
secondary branches and plant spread implying a
substantially stronger correlation with marketable flower
yield per plant with an R? value of 0.867, 0.848, 0.805 and
0.780, respectively. In contrast, the days taken for flower
bud formation and days taken to flowering were found to
have a weak correlation with marketable flower yield per
plant by obtaining the R? values of 0.368 and 0.069
respectively.

Plant Science Today, ISSN 2348-1900 (online)



SANGMESH ETAL 6

Table 2. Interaction effect of planting dates and growing environment (DxE), planting dates and marigold cultivars (DxV) and growing environment and marigold
cultivars (ExV) on growth, flowering and yield parameters

Growth parameters Flowering parameters Yield parameters
Days
Particu Num- Lﬂ:rn;-f tafl;)(:en Days Dura- . tI:eurn;-f E:rr:-f M:Ll::t- M:Lﬁt-
lars i :el?';‘tt Plra"'i’ p':ier;::y second-  flower t:afll(:\rn‘l- tion of ?II:\(:I:: mar- k::::)-l o flower flyc;:{gr
g sprea branch. ary bud ering flqwer- ketable flowers yield per
(cm) (cm) es per ber:::Ir\- mfaot";n ( dI:;l;s) (cm) flop\neurars per p?aer:t square
plant plant (days) plant square () meter
(days) meter (kg)
D:E: 153.24 57.89 4.81 47.56 52.28 69.67 95.42 6.66 93.53 839.33 447.50 4.21
D;:E: 166.07 65.50 4.61 62.53 58.94 79.92 120.36 7.36 107.00 1048.17 627.23 6.40
D:E; 128.30 55.07 4.28 42.44 47.31 61.22 86.86 6.50 47.25 497.67 271.31 2.98
D:E: 146.61 62.01 4.00 49.58 50.31 76.59 115.86 7.06 92.31 892.50 574.41 5.96
DsE: 87.68 44.00 3.47 35.11 41.72 65.83 75.11 5.83 37.36 305.33 181.79 1.80
DsE: 115.64 56.87 3.83 49.06 44.58 73.86 107.69 6.83 71.45 625.67 438.01 4.37
D4E: 52.72 34.57 2.89 18.42 38.95 61.86 71.14 5.29 16.86 208.17 101.40 1.36
D4E; 83.19 44.80 3.50 33.00 40.75 90.89 93.39 6.55 37.58 335.83 210.41 2.07
DsE: 42.09 30.95 2.81 14.75 37.14 68.61 66.67 5.04 10.81 110.33 52.85 0.61
DsE> 72.07 47.50 3.75 31.59 57.53 80.39 87.42 5.88 29.20 292.67 149.36 1.75
Mean 104.76 49.91 3.79 38.40 46.95 72.88 91.99 6.30 54.33 515.57 305.43 3.15
SE(m) 3.40 1.42 0.19 1.51 0.40 0.37 0.31 0.03 2.43 19.34 16.73 0.15
CD (0.05 9.74 4.07 0.34 4.32 1.16 1.06 0.87 0.10 6.96 55.38 47.91 0.44
DA 161.90 62.60 5.06 61.06 58.83 78.78 110.36 7.21 99.89 902.33 583.50 5.55
D.V, 157.41 60.79 4.36 49.03 52.39 70.81 105.42 6.81 100.64 985.17 491.23 5.05
D,V 145.67 59.79 4.13 54.83 50.81 71.00 102.78 6.96 72.00 707.67 467.59 4.75
D,V 129.23 57.29 4.14 37.19 46.81 66.81 99.94 6.60 67.56 682.50 378.13 4.19
DsV: 106.19 48.68 3.75 48.53 43.50 72.28 94.11 6.68 48.97 459.83 328.44 3.37
D5V, 97.13 52.18 3.56 35.64 42.81 67.42 88.70 5.98 59.83 471.17 291.36 2.80
DaV: 62.55 34.02 3.08 25.17 39.78 79.50 83.92 6.32 20.95 220.50 138.59 1.55
D.V, 73.36 45.34 331 26.25 39.92 73.25 80.61 5.51 33.50 323.50 173.22 1.87
DsV 58.72 37.12 3.42 24.89 44.25 78.03 78.00 5.76 20.47 216.50 106.73 1.31
DsV: 55.44 41.33 3.14 21.45 50.42 70.97 76.08 5.16 19.53 186.50 95.47 1.05
Mean 104.76 49.91 3.79 38.40 46.95 72.88 91.99 6.30 54.33 515.57 305.43 3.15
SE(m) 3.40 1.42 0.19 1.51 0.40 0.37 0.31 0.03 2.43 19.34 16.73 0.15
CD (0.05) 9.74 4.07 0.34 4.32 1.16 1.06 0.87 0.10 6.96 55.38 47.91 0.44
EiV: 97.88 44.19 3.82 35.13 44.26 69.19 79.91 6.17 37.59 364.27 212.83 2.23
EiV, 87.73 44.80 3.48 28.18 42.70 61.69 78.17 5.56 44.73 420.07 209.10 2.15
E:Vi 116.13 52.70 3.96 50.66 50.61 82.64 107.76 7.00 67.32 638.47 437.11 4.38
EuV, 117.30 57.97 3.92 39.64 50.23 78.01 102.13 6.47 67.69 639.47 362.66 3.83
Mean 104.76 49.91 3.79 38.40 46.95 72.88 91.99 6.30 54.33 515.57 305.43 3.15
SE(m) 2.15 0.90 0.07 0.95 0.26 0.23 0.31 0.02 1.54 12.23 10.58 0.10
CD (0.05 6.16 2.58 0.21 2.73 0.73 0.67 0.87 0.06 4.40 35.02 30.30 0.28
D;-10% of July, D>-25% of July, Ds-10t of August, D4-25" of August, Ds-10t of September
Ei-Open condition, Ex-Naturally ventilated polyhouse condition
Vi-Pusa Narangi Gainda, V,-Pusa Basanti Gainda
Discussion economic returns. Results demonstrate that among the

different planting dates, the 10" July planting showed
superior performance over others. Additionally, amidst
growing environments, naturally ventilated polyhouse

The present study indicates that regulation of planting
time and growing environment significantly influenced the
vegetative, floral and yield attributes that affect decisive
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Table 3. Interaction effect of planting dates, growing environment and cultivars on growth, flowering and yield parameters

Growth parameters Flowering parameters Yield parameters

I:';leurI:-f Number tgi)!; tz%; Dura- Size II;Ieurn;-f Number of Market- M:E{:t

partic- :eli“‘g';‘tt s';lraegs:l prima- :;dsg:; f:';ﬂz‘g' to tion of flow- mar- marketable able f;‘::'lgr
i oranch Sfors  flow  flower: T3 ctable  flowersper  flower Ty

(cm) (cm) es per mation ering 8 q yielc p square

es per plant (days) (cm) per meter plant (g) meter
plant (days) (days) plant (kg)
D;E;V, 155.48 60.12 5.22 55.72 56.61 76.17 97.05 6.76 82.00 730.67 436.57 4.21
D:E,V;  150.99 55.66 4.39 39.39 47.94 63.16 93.78 6.56 105.06 948.00 458.43 4.20
D;E.V, 168.31 65.08 4.89 66.39 61.05 81.39 123.67 7.66 117.78 1074.00 730.43 6.89
D;:E.V, 163.82 65.92 4.34 58.66 56.83 78.45 117.05 7.05 96.22 1022.33 524.03 5.90
D:E;V; 137.38 56.75 4.55 48.44 48.56 63.89 85.45 6.57 52.72 560.33 305.92 3.04
D:E;V, 119.21 53.38 4.00 36.44 46.06 58.55 88.28 6.44 41.78 435.00 236.69 2.92
D:E.V; 153.96 62.82 3.72 61.22 53.06 78.11 120.11 7.35 91.28 855.00 629.25 6.46
D:E.V, 139.26 61.20 4.28 37.94 47.55 75.06 111.61 6.76 93.33 930.00 519.56 5.45
DsE;V; 92.90 40.13 3.22 35.83 41.16 68.56 75.94 6.20 27.89 274.67 164.19 1.87
DsE;V, 82.46 47.87 3.72 34.39 42.28 63.11 74.28 5.45 46.83 336.00 199.39 1.73
DsE.V; 119.47 57.24 4.28 61.22 45.83 76.00 112.28 7.16 70.06 645.00 492.69 4.86
D:E;V, 111.80 56.49 3.39 36.89 43.33 71.72 103.11 6.50 72.83 606.33 383.34 3.87
D4EiV: 57.19 33.91 3.11 20.22 38.11 64.56 74.11 5.77 16.84 177.00 104.50 1.37
D4E;V: 48.25 35.23 2.67 16.61 39.78 59.17 68.11 4.80 16.89 239.33 98.29 1.35
D4E;V: 67.91 34.14 3.05 30.11 41.44 94.44 93.67 6.87 25.05 264.00 172.67 1.73
D4E.V, 98.47 55.46 3.95 35.89 40.06 87.33 93.11 6.22 50.11 407.67 248.14 2.40
DsE;V: 46.45 30.02 3.00 15.45 36.83 72,78 66.94 5.56 8.50 78.67 52.97 0.66
DsE;V, 37.74 31.87 2.61 14.06 37.44 64.44 66.39 4.52 13.11 142.00 52.72 0.56
DsE,V: 70.99 44.22 3.83 34.34 51.67 83.28 89.06 5.95 32.45 354.33 160.50 1.96
DsE,V, 73.15 50.78 3.67 28.84 63.39 77.50 85.78 5.80 25.95 231.00 138.22 1.53
Mean 104.76 49.91 3.79 38.40 46.95 72.88 91.99 6.30 54.33 515.57 305.43 3.15
SEim) 4.81 2.01 0.17 2.13 0.57 0.52 0.43 0.05 3.44 27.35 23.66 0.22
CD (0.05) 13.77 5.76 0.45 6.11 1.64 1.49 1.24 0.14 9.84 78.32 67.53 0.62

D;-10% of July, D,-25'" of July, Ds-10% of August, Ds-25" of August, Ds-10t of September
E:-Open condition, E,-Naturally ventilated polyhouse condition
Vi-Pusa Narangi Gainda, V,-Pusa Basanti Gainda

Table 4. Effect of staggered planting on the economics of marigold cultivation for flower production under open and naturally ventilated polyhouse conditions
for an area of 200 m?

. o 2
Treatments Tottiilnc/c;ztoo;i:l(lll‘t;\)la- I:)eetleggvs:z)z:(egl;i Gross ret(t;rsr;slzoo " Net reta;g)/ 200 m* B:C ratio
D:E:V: 10,604.81 599.46 35,967.60 25,362.79 2.39
D:E:V 10,525.99 598.96 35,937.60 25,411.61 2.41
D:E;V: 8,656.63 981.76 58,905.60 50,248.97 2.86
D;E:V: 8,420.14 840.93 50,455.80 42,035.66 2.43
D:E.V; 10,208.42 432.44 25,946.40 15,737.98 1.54
D:E;V: 10,129.53 416.01 24,960.60 14,831.07 1.46
D2E>V: 8,378.48 920.96 55,257.60 46,879.12 2.71
D:E>V: 7,882.23 776.83 46,609.80 38,727.57 231
DsE:V: 9,469.70 266.17 13,308.50 3,838.80 0.41
DsE.V: 9,469.70 245.96 12,298.00 2,828.30 0.30
DsE:V; 7,977.59 693.33 34,666.50 26,688.91 1.58
DsE;V, 7,169.03 551.16 27,558.00 19,738.07 1.18
D.E:V: 7,011.37 246.88 12,344.00 5,332.63 0.34
D4E;:V: 8,937.04 192.21 9,610.50 673.46 0.08
D4E>V: 7,011.37 246.88 12,344.00 5,332.63 0.34
D4E;V. 6,807.56 342.13 17,106.50 9,937.47 0.62
DsE.V: 8,772.64 94.89 3,895.60 -4,977.20 -0.57
DsE;V: 8,733.22 80.56 3,222.40 -5,510.82 -0.63
DsE>V: 6,846.97 237.03 9,481.20 2,634.05 0.18
DsE;V. 6,610.48 218.06 8,722.40 1,914.84 0.13

D;-10t of July, D-25'" of July, Ds-10*" of August, D.-25% of August, Ds-10™ of September
E:-Open condition, E;-Naturally ventilated polyhouse condition

Vi-Pusa Narangi Gainda, V,-Pusa Basanti Gainda

B:C ratio- Benefit:Cost Ratio
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Fig. 4. Regression analysis of growth and flowering attributes with yield of marigold cultivars as influenced by staggered planting and growing environments.

conditions induced exceptional results. Further, among
marigold cultivars, ‘Pusa Narangi Gainda’ stood out as the
most superior.

From the outcome of the experiment, it was observed that
planting marigolds on 10" July resulted in remarkable
plant growth, flowering and yield outcomes. It could be
attributed to the fact that these plants may have been
exposed to the prevailing congenial environmental
conditions for appropriate growth. Rapid meristematic
activity, most likely owing to rapid cell division and
elongation during the tender development stage, might
explain the increased plant height, wider plant spread and
profuse branching in African marigolds (31). However, the
meteorological data (Fig. 1) shows that planting done in

September and onwards was exposed to decreased night
temperatures during the rapid period of growth, resulting
in reduced plant metabolism, similarly reported in
Arabidopsis (32). Hence, a significant reduction in different
vegetative parameters was noticed when planting dates
were extended till September. The varietal intrinsic
genetic composition and rates of growth and development
across marigold cultivars may also explain the variance in
the expression of morphological traits (33). Additionally,
maintenance of ideal temperature and optimum intensity
of photosynthetic light might be the principal factors for
elevated plant growth within the naturally ventilated
polyhouse condition (34). These findings align with
previous studies indicating that a comparatively profuse
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plant growth was obtained from early planting of marigold
(35-39).

With reference to the flowering parameter data, it is
evident that the 10% of July planted crop took the
maximum number of days to develop buds and flowers. It
could be acknowledged that early planting had ample
time to build up vegetative growth due to congenial
environmental conditions and therefore, it took
comparatively more time for bud formation and flowering.
On the other hand, later plantings (25 of July and 10t of
August) were exposed to shorter day conditions
accompanied by lower night temperatures, which
imposed them to stress conditions triggering early bud
formation followed by the earliest flowering. A delay in
flowering was noticed in further extending the date of
planting to the 25" of August and 10%" of September due to
unfavourable temperatures, particularly during night,
which hindered bud development. Furthermore, flowering
duration is a very important parameter since it signifies
the duration of availability of flowers in the market. These
variations have an economic benefit in terms of selecting
cultivars and planting dates that offer consistent yield of
flowers for an extended duration of time, ensuring
profitable returns. Flower size is the criterion that shall
define the quality and suitability of variety as loose
flowers. The variation in the size of the flower is mostly
linked to the genetic composition of the specific variety, as
well as optimal foliage growth and crop health
management. In this study, the July planting of the crop
has resulted in larger blooms with extended flowering
duration in comparison to late plantings. Likewise, crops
grown under polyhouse conditions had a prolonged
flowering period with increased flower size, which could
be attributed to prevailing congenial environmental
conditions during the cropping period, leading to the
translocation of a greater amount of photosynthates to the
flower, resulting in larger flowers. These results are in
concurrence with previous studies (40-44).

The superlative yield performance from the 10" of July
planting could be associated with the presence of
favourable environmental conditions inducing luxuriant
vegetative growth that might have hastened the process of
photosynthesis, the synthesis of carbohydrates and the
accumulation of food in vegetative parts causing a rapid
transition to reproductive structures and amplified
number of marketable flowers. In conformity with
previous findings, the total cumulative impact of ambient
conditions has led to a quantitative increase in yield
attributes (40-46). In addition, this paramount vyield
performance has ultimately fetched higher market value,
resulting in the highest gross as well as net returns. Thus, it
culminated in the highest benefit-to-cost ratio. The
regression  analysis  convincingly illustrated the
significance and influence of the duration of flowering and
growth attributes of marigolds to obtain the yield of
marigolds (47, 48).

Conclusion

This study successfully demonstrated that the regulation

of planting dates and growing environments significantly
influences the growth, flowering and yield of marigold (T.
erecta) cultivars, specifically ‘Pusa Narangi Gainda’ and
‘Pusa Basanti Gainda’. Planting marigolds on July 10" in
naturally ventilated polyhouse conditions in the mid-hill
zone of Himachal Pradesh promoted superior vegetative
growth, extended flowering and a high yield of 730.43 g
per plant (6.89 kg/m?), with a benefit-to-cost ratio of 2.86,
proving its commercial viability. Extending planting up to
July 25" in open fields or August 25"in polyhouses ensures
a continuous flower supply from October to early
February, aligning production with peak demand and
enhancing profitability. Furthermore, the findings
underscore the importance of selecting appropriate
planting times and environments to meet market demand
and improve crop profitability, particularly in the
challenging climatic conditions of the mid-hill zone of
Himachal Pradesh.

Acknowledgements

The present research had the financial support of ICAR-
Indian Agricultural Research Institute, New Delhi and Dr
Yashwant Singh Parmar University of Horticulture and
Forestry, Nauni, Solan, Himachal Pradesh. The significant
contribution of the Department of Floriculture and
Landscape Architecture researchers is acknowledged
herewith respectively.

Authors’ contributions

PSH and SRD were involved in framing out the research
work and designing the experiment. PS carried out the
field experiment. PS and VB documented the data,
performed the statistical analysis and drafted the
manuscript. All listed authors have thoroughly reviewed
and endorsed the final version of the manuscript,
indicating their collective agreement with its content and
findings.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interest to declare.

Ethical issues: None

References

1. Dikr W, Belete K. Review on the effect of organic fertilizers,
biofertilizers and inorganic fertilizers (NPK) on growth and
flower yield of marigold (Tagetes erecta L.). Acad Res J Agric Sci
Res. 2017;5(3):192-204. https://doi.org/10.14662/ARJASR2017.
016

2. Arora JS. Marigold. In: Bose TK, Yadav LP, editors. Commercial
flowers. Naya Prakash, Calcutta, India; 1989. p.713-31

3. Lalit BC, Belbaseb P, Shahuc N, Magarc KP. Effect of pinching on
yield and yield attributing characteristics of marigold (Tagetes
erecta L.): A review. Trop Agrobio. 2020;1:57-60. http://
doi.org/10.26480/trab.02.2020.40.43

4. Gupta YC, Panwar S, Banyal N, Thakur N, Dhiman MR. Marigold.
In: Datta SK, Gupta YC, editors. Floriculture and ornamental
plants. Handbook of crop diversity: Conservation and use of
plant genetic resources; Springer: Singapore; 2022. p. 1-23
https://doi.org/10.1007/978-981-15-3518-5_1

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.14662/ARJASR2017.016%20
https://doi.org/10.14662/ARJASR2017.016%20
http://doi.org/10.26480/trab.02.2020.40.43
http://doi.org/10.26480/trab.02.2020.40.43
https://doi.org/10.1007/978-981-15-3518-5_1

SANGMESH ETAL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Anonymous. Area and production of horticulture crops for 2023-
24 (First Advance Estimates), Ministry of Agriculture and
Farmers’ Welfare, Government of India, New Delhi; 2024.
https://agriwelfare.gov.in/en/StatHortEst

Aslam A, Zaman F, Qasim M, Ziaf K, Shaheen |, Afzal N. Impact of
nitrogen and potash on growth, flower and seed yield of African
marigold (Tagetes erecta L.). Sci Agric. 2016;14(2):266-69.
https://doi.org/10.15192/PSCP.SA.2016.14.2.266269

Janakiram T, Reddy VR, Durga ML. Prospects of floriculture in
arid and semi-arid regions of India. Plant Sci. 2018;13(7):471-79.
https://www.researchgate.net/publication/ 329307902

Fuad NIN, Sekar M, Gan SH, Lum PT, Vaijanathappa J, Ravi S.
Lutein: A comprehensive review on its chemical, biological
activities and therapeutic potentials. Pharmacogn J. 2020;12
(6):1769-78. https://doi.org/10.5530/pj.2020.12.239

Jothi D. Extraction of natural dyes from African marigold flower
(Tagetes ereecta L.) for textile coloration. Autex Res J. 2008;8
(2):49-53. https://doi.org/10.1515/aut-2008-080204

Rodrigues DB, Mercadante AZ, Mariutti LR. Marigold
carotenoids: Much more than lutein esters. Food Res Int.
2019;119:653-64. https://doi.org/10.1016/j.foodres.2018.10.043

Santos-Bocanegra E, Ospina-Osorio X, Oviedo-Rondon EO.
Evaluation of xanthophylls extracted from Tagetes erectus
(Marigold flower) and Capsicum Sp. (Red pepper paprika) as a
pigment for egg-yolks compare with synthetic pigments. Int J
Poult  Sci.  2004;3(11):685-89. https://doi.org/10.3923/
ijps.2004.685.689

Rajput N, Naeem M, Ali S, Rui Y, Tian W. Effect of dietary
supplementation of marigold pigment on immunity, skin and
meat color and growth performance of broiler chickens. Braz J
Poult Sci. 2012;14(4):291-95. https://doi.org/10.1590/S1516-
635X2012000400009

Piccaglia R, Marotti M. Characterization of several aromatic
plants grown in northern Italy. Flavour Fragr J. 1993;8(2):115-
22. https://doi.org/10.1002/ff}j.2730080208

Wang KH, Hooks C, Ploeg A. Protecting crops from nematode
pests: using marigold as an alternative to chemical nematicides.
2007. https://www.researchgate.net/publication/29744608

Meena Y, Sirohi HS, Tomar BS, Kumar SA. Effect of planting time,
spacing and pinching on growth and seed yield traits in African
marigold (Tagetes erecta) cv. Pusa Narangi Gainda. Indian J
Agric  Sci.  2015;85(6):797-801.  https://doi.org/10.56093/
ijas.v85i6.49231

Kaur M, Bhat A, Sadik-Zada ER, Sharma R. Productivity analysis
and employment effects of marigold cultivation in Jammu,
India. Horticulturae. 2022;8(3):263. https://doi.org/10.3390/
horticulturae8030263

Baskaran V, Abirami K. Effect of pinching on yield of African
marigold (Tagetes erecta L.) cv. Pusa Narangi Gainda under
Andaman conditions. Agric Sci Dig. 2017;37(2):148-50. _https://
doi.org/10.18805/asd.v37i2.7992

Proietti S, Scariot V, De Pascale S, Paradiso R. Flowering
mechanisms and environmental stimuli for flower transition:
Bases for production scheduling in greenhouse floriculture.
Plants. 2022;11(3):432. https://doi.org/10.3390/%
20plants11030432

Sharma P. Effect of planting dates on growth flowering and seed
production of selected winter annuals [dissertation].
Department of Floriculture and Landscape Architecture, Dr. YS
Parmar University Horticulture and Forestry College of
Horticulture, Solan, Himachal Pradesh; 2004. https://
krishikosh.egranth.ac.in/items/f0227614-fa7b-4ac5-8505-
8f11196f5f74

Roberts E, Summerfield R. Measurement and prediction of
flowering in annual crops. In: Atherton JG, editor. Manipulation
of flowering. Butterworths, London; 1987. p. 17-50

Dhakal M, Pun AB, Bhattarai S. Effect of different planting times
and varieties on growth and yield of African marigold (Tagetes
erecta) in the Kavre district, Nepal. Nepal J Sci Tech. 2021;20
(1):20-28. https://doi.org/10.3126/njst.v20i1.43349

Latimer JG. Container size and shape influence growth and
landscape performance of marigold seedlings. HortSci. 1991;26
(2):124-26.

Jyothi K, Goud CR, Girwani A, Kumar TS. Studies on the effect of
planting dates and levels of pinching on growth, flowering and
yield in marigold (Tagetes erecta) cv. Arka Agni. Int J Curr
Microbiol Appl Sci. 2018;7(11):2705-13. https://doi.org/
10.20546/ijcmas.2018.711.309

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

10

Anumala NV, Kumar R. Floriculture sector in India: current
status and export potential. J Hortic Sci Biotech. 2021;96(5):673
-80. _https://doi.org/10.1080/14620316.2021.1902863

Mehta A, Yadav PK, Sharma S, Adhikari R. Production, marketing
and economic analysis of marigold production in Nepal. Russ J
Agric Soc Econ Sci. 2022;127(7):3-13. _https://doi.org/10.18551/
rjoas.2022-07.01

Singh MP. Production and marketing of floriculture in Himachal
Pradesh: A paradigm shift. Int J Innov Rec Multidiscipl Field.
2017;3(6):179-8T7. Available from: https://
www.researchgate.net/publication/345902363

Singh HP, Dhankhar SS, Dahiya KK. Horticultural crops. Stadium
Press (India) Pvt Limited; 2009

Gomez KA, Gomez AA. Statistical procedures for agricultural
research, 2nd ed. John Wiley and Sons; 1984

Sheoran OP, Tonk DS, Kaushik LS, Hasija RC, Pannu RS.
Statistical software package for agricultural research workers:
Recent advances in information theory, statistics and computer
applications by DS Hooda and RC Hasija. Department of
Mathematics Statistics, CCS HAU, Hisar. 1998;8(12):139-43.

Microsoft Corporation. Microsoft excel [Internet]. 2018. Available
from: https://office.microsoft.com/excel

Bhattwal B. Evaluation of African marigold (Tagetes erecta L.)
varieties for flower yield and quality under Tarai conditions of
Uttarakhand [dissertation]. Department of Horticulture
(Floriculture and Landscaping). GB Pant University of
Agriculture and Technology, Pantnagar (Uttarakhand); 2019.
https://krishikosh.egranth.ac.in/items/ 80093712-9f7a-442c-
af2a-9d8373181a17

Pyl ET, Piques M, lvakov A, Schulze W, Ishihara H, Stitt M, et al.
Metabolism and growth in Arabidopsis depend on the daytime
temperature but are temperature-compensated against cool
nights. The Plant Cell. 2012;24(6):2443-69. https://
doi.org/10.1105/tpc.112.097188

Narsude PB, Kadam AS, Patil VK. Studies on the growth and
quality attributes of different African marigold (Tagetes erecta
L.) genotypes under Marathwada condition. Asian J Hort. 2010;5
(2):407-10. https://www.cabidigitallibrary.org/doi/
full/10.5555/20113191248

Khanal B. Effects of growing conditions of marigold in llam
district, Nepal. Am J Plant Sci. 2014;5(22):3389-95. https://
doi.org/10.4236/ajps.2014.522354

Nagaraju KP. Studies on the effect of planting dates on growth
and vyield of African marigold (Tagetes erecta L.) cultivars
[dissertation]. Department of Floriculture and Landscape
Architecture, College of Horticulture, Venkataramannagudem,
West  Godavari;  2017.  https://krishikosh.egranth.ac.in/
items/923167e9-9037-4f7c-89d4-d282bf05d73d

Singh AK, Kumar U, Kumar A. Effect of planting date and spacing
on performance of marigold (Tagetes erecta Linn.) cv. Pusa
Narangi under North Bihar agro-ecological conditions. Int J
Forestry Crop Improv. 2015;6(1):16-20. https://
doi.org/10.15740/HAS/IJFCI/6.1/16-20

Lakshmi, Pandey RK, Dogra S, Laishram N, Bhat D, Singh A, et al.
Studies on effects of planting dates and spacing in African
marigold (Tagetes erecta L.). Progress Hortic. 2014;46(1):149-52.
https://www.researchgate.net/publication/301547425

Sharma P, Gupta YC, Dhiman SR, Sharma P. Effect of planting
dates on growth, flowering and seed production of
snapdragon. Indian J Hortic. 2018;75(2):352-54. https://
doi.org/10.20546/ijcmas.2019.804.349

Kaushal S, Dilta BS, Chaudhary SV, Gupta BP. Effect of planting
dates on growth and flowering of China aster Callistephus
chinensis (L) Nees. Int J Farm Sci. 2014;4(1):60-71. https://
www.cabidigitallibrary.org/doi/full/10.5555/ 20153137709

Chauhan P. Effect of planting time and spacing on growth and
flowering of marigold [dissertation]. Department of Floriculture
and Landscape Architecture, Dr. YS Parmar University
Horticulture and Forestry College of Horticulture, Solan,
Himachal Pradesh; 2004. https://krishikosh.egranth.ac.in/
items/cd0ad93d-c7a0-42b5-aead-da2a37c1b43c

Laxmi P, Pratap M. Effect of dates of planting on growth,
flowering and yield of different chrysanthemum (Dendranthema
grandiflora L.) cultivars. Research on Crops. 2011;12:813-16.
https://www.cabidigitallibrary.org/doi/
full/10.5555/20123048841

Sharma P, Gupta YC, Dhiman SR, Sharma P, Bhargava B. Effect
of different planting dates and climatic conditions on growth,
flowering and seed production of candytuft (Iberis amara). The

https://plantsciencetoday.online


https://plantsciencetoday.online
https://agriwelfare.gov.in/en/StatHortEst
https://doi.org/10.15192/PSCP.SA.2016.14.2.266269
https://www.researchgate.net/publication/329307902
https://doi.org/10.5530/pj.2020.12.239
https://doi.org/10.1515/aut-2008-080204
https://doi.org/10.1016/j.foodres.2018.10.043
https://doi.org/10.3923/ijps.2004.685.689
https://doi.org/10.3923/ijps.2004.685.689
https://doi.org/10.1590/S1516-635X2012000400009
https://doi.org/10.1590/S1516-635X2012000400009
https://doi.org/10.1002/ffj.2730080208
https://www.researchgate.net/publication/29744608
https://doi.org/10.56093/ijas.v85i6.49231
https://doi.org/10.56093/ijas.v85i6.49231
https://doi.org/10.3390/horticulturae8030263
https://doi.org/10.3390/horticulturae8030263
http://dx.doi.org/10.18805/asd.v37i2.7992
http://dx.doi.org/10.18805/asd.v37i2.7992
https://doi.org/10.3390/%20plants11030432
https://doi.org/10.3390/%20plants11030432
https://krishikosh.egranth.ac.in/items/f0227614-fa7b-4ac5-8505-8f11196f5f74
https://krishikosh.egranth.ac.in/items/f0227614-fa7b-4ac5-8505-8f11196f5f74
https://krishikosh.egranth.ac.in/items/f0227614-fa7b-4ac5-8505-8f11196f5f74
https://doi.org/10.3126/njst.v20i1.43349
https://doi.org/10.20546/ijcmas.2018.711.309
https://doi.org/10.20546/ijcmas.2018.711.309
http://dx.doi.org/10.1080/14620316.2021.1902863
file:///D:/PST/Layout/Progress/4605%20c/10.18551/rjoas.2022-07.01
file:///D:/PST/Layout/Progress/4605%20c/10.18551/rjoas.2022-07.01
https://www.researchgate.net/publication/345902363
https://www.researchgate.net/publication/345902363
https://www.researchgate.net/deref/https%3A%2F%2Foffice.microsoft.com%2Fexcel?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InF1ZXN0aW9uIiwicGFnZSI6InF1ZXN0aW9uIn19
https://krishikosh.egranth.ac.in/items/80093712-9f7a-442c-af2a-9d8373181a17
https://krishikosh.egranth.ac.in/items/80093712-9f7a-442c-af2a-9d8373181a17
https://doi.org/10.1105/tpc.112.097188
https://doi.org/10.1105/tpc.112.097188
https://www.cabidigitallibrary.org/doi/full/10.5555/20113191248
https://www.cabidigitallibrary.org/doi/full/10.5555/20113191248
https://doi.org/10.4236/ajps.2014.522354
https://doi.org/10.4236/ajps.2014.522354
https://krishikosh.egranth.ac.in/items/923167e9-9037-4f7c-89d4-d282bf05d73d
https://krishikosh.egranth.ac.in/items/923167e9-9037-4f7c-89d4-d282bf05d73d
https://doi.org/10.15740/HAS/IJFCI/6.1/16-20
https://doi.org/10.15740/HAS/IJFCI/6.1/16-20
https://www.researchgate.net/publication/301547425
https://doi.org/10.20546/ijcmas.2019.804.349
https://doi.org/10.20546/ijcmas.2019.804.349
https://www.cabidigitallibrary.org/doi/full/10.5555/20153137709
https://www.cabidigitallibrary.org/doi/full/10.5555/20153137709
https://krishikosh.egranth.ac.in/items/cd0ad93d-c7a0-42b5-aead-da2a37c1b43c
https://krishikosh.egranth.ac.in/items/cd0ad93d-c7a0-42b5-aead-da2a37c1b43c
https://www.cabidigitallibrary.org/doi/full/10.5555/20123048841
https://www.cabidigitallibrary.org/doi/full/10.5555/20123048841

43.

44,

45.

Indian J Agri Sci. 2017;87(6):792-95. https://doi.org/10.56093/
ijas.v87i6.70999

Sharma P, Gupta YC, Dhiman SR, Sharma P, Bhargava B. Effect
of planting time on growth, flowering and seed yield in Dianthus
barbatus L. Natl Acad Sci Lett. 2015;38:189-92. https://
doi.org/10.1007/s40009-014-0336-2

Sharma P, Gupta YC, Dhiman SR, Sharma PU, Gupta RA. Effect of
planting dates on growth, flowering and seed production of
garland chrysanthemum (Chrysanthemum coronarium). Indian J
Agric  Sci.  2015b;85(7):912-16.  https://doi.org/10.56093/
ijas.v85i7.50121

Thakur P, Dilta B, Gupta Y, Kumar P, Mehta D. Effect of planting
dates, mulching and application of GA3 on growth and flower
yield of marigold (Tagetes erecta L.) cv.‘Pusa Narangi Gainda’.
Int J Curr Microbiol Appl Sci. 2019;8:3028-39. https://
doi.org/10.20546/ijcmas.2019.804.349

46.

47.

48.

11

Tiwari R, Tomar DS, Dixit AK, Saxena AK. Cultivation of Pusa
Narangi variety of marigold for crop diversification and
empowering farm women in Malwa plateau of Madhya Pradesh.
J Krishi Vigyan. 2015;3(2s):14-18. https://doi.org/10.5958/2349-
4433.2015.00028.8

Kaur DK. Evaluation of genotypes and correlation studies in
Marigold (Tagetes spp.) for growth and yield attributes. Environ
Conserv  J. 2023;24(1):198-203. https://doi.org/10.36953/
ECJ.10542285

Poulose B, Paliwal A, Bohra M, Punetha P, Bahuguna P, Namita
N. Character association and path analysis of quantitative traits
among marigold (Tagetes sp.) genotypes. Indian J Agric Sci.
2020;90(12):2362-68. https://doi.org/10.56093/ijas.v90i12.1103
42

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.56093/ijas.v87i6.70999
https://doi.org/10.56093/ijas.v87i6.70999
https://doi.org/10.1007/s40009-014-0336-2
https://doi.org/10.1007/s40009-014-0336-2
https://doi.org/10.56093/ijas.v85i7.50121
https://doi.org/10.56093/ijas.v85i7.50121
https://doi.org/10.20546/ijcmas.2019.804.349
https://doi.org/10.20546/ijcmas.2019.804.349
https://doi.org/10.5958/2349-4433.2015.00028.8
https://doi.org/10.5958/2349-4433.2015.00028.8
https://doi.org/10.36953/ECJ.10542285
https://doi.org/10.36953/ECJ.10542285
https://doi.org/10.56093/ijas.v90i12.110342
https://doi.org/10.56093/ijas.v90i12.110342

