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Abstract

The present study entitled “Effect of seedling age, plant growth regulators and pinching on growth, flowering and yield in African marigold
(Tagetes erecta L.) cv. Pusa Bahar” was conducted at the Horticultural Research Farm, Department of Floriculture and Landscape, IGKV,
Raipur, Chhattisgarh during rabi seasons 2023-2024 and 2024-2025. The experiment was laid out in a factorial randomized block design
(FRBD) with 3 replications and 24 treatment combinations, comprising 2 seedling ages (25 and 35 days), four PGR treatments (Cycocel at
1500 ppm, CCC at 2000 ppm, cytokinin (BA) at 200 ppm, cytokinin (BA) at 250 ppm) and 3 pinching levels (no pinching, single and double
pinching). The results were statistically analysed and discussed based on pooled mean. The treatment combination, 25-day-old seedlings
x Cycocel at 2000 ppm x single pinching (S:1G,P1) recorded the highest flower yield plant? (628.92 g), flower yield plot*(11.38 kg) and
flower yield hectare * (29.12 t). The treatment 25-day-old seedlings x CCC at 2000 ppm x double pinching (SiG,P,) resulted in the
minimum plant height (60.88 cm) and the maximum number of flowers plant? (79.13). Moreover, the treatment combination 25-day-old
seedlings x cytokinin (BA) at 250 ppm x no pinching (Si:G4P,) recorded the minimum values for all parameters except plant height
(106.11 cm). Based on the overall findings, it can be concluded that the combined application of 25-day-old seedlings with CCC at 2000

ppm and single pinching is most effective for optimising growth, flowering and yield of African marigold cv. Pusa Bahar.
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Introduction

Marigold (Tagetes spp.) of the family Asteraceae is one of the most
popular ornamental crops, valued for its bright colours, profuse
flowering, easy cultivation and wide use in ornamental, religious
and industrial purposes. Because of its short duration, high
productivity and adaptability, it has become an important crop in
floriculture. Among cultivated species, Tagetes erecta L. (African
marigold, 2n = 24) and Tagetes patula L. (French marigold, 2n = 48)
are the most widely grown. Marigold is a hardy and photoperiod-
insensitive crop that performs well under diverse agro-climatic
conditions.

Marigold can be cultivated at any time of year and in every
season, but they flower and grow profusely when grown in sunny
settings (1). Oil extracted from marigold has an insecticidal property
as well as it can be grown in fields as a trap crop against root
nematodes (2).

The growth and yield of marigold are influenced by
genotype, environment and cultural practices. Among these,
seedling age, pinching and plant growth regulators (PGRs) play a
major role. Pinching breaks apical dominance, enhances branching
and increases flower production. Using seedlings of suitable age
improves establishment and uniform flowering, The PGRs such as

cycocel (CCC) and cytokinin (BA) further support vegetative growth
and flowering by regulating cell division and hormonal balance.
Pinching creates an environment for better use of the hormones in
the plant that finally supports overall growth and development of
the plant and increases growth and yield parameter (3). Therefore,
the present study was undertaken during 2023-2024 and 2024~
2025 to evaluate the effects of seedling age, pinching and PGRs on
the growth, flowering and yield of marigold.

Materials and Methods

The experiment was conducted at the Horticultural Research cum
Instructional Farm, Department of Floriculture and Landscape,
College of Agriculture, IGKV, Raipur (Chhattisgarh). The region has a
sub-humid climate with hot summers and cool winters. The
average annual rainfall in the regjon is 1200-1400 mm, with most
rainfall occurring between June and September. Raipur aggregates
up to 1318.90 mm of rainfall throughout the year. The test crop was
African marigold (T. erecta) cv. Pusa Bahar, grown during the rabi
season. The experiment was laid out in a factorial randomized
block design (FRBD) with 24 treatment combinations with 3
replications. Each plot measured 1.8 m x 1.2 m and accommaodated
16 plants at a spacing of 45 x 30 cm. Treatments consisted of 2
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seedling ages (Si 25-day-old, S,: 35-day-old), 4 plant growth
regulators (Gi: CCC 1500 ppm, G,: CCC 2000 ppm, G3: BA 200 ppm,
G4 BA 250 ppm) and 3 pinching levels (P, no pinching, Py: single
pinching at 30 days after transplanting (DAT), P,: double pinching at
30 and 45 DAT). Observations on growth, flowering and yield
attributes were recorded at appropriate developmental stages. The
soil was loam in texture (sand 25.84 %, silt 55.97 %, clay 20.67 %).
The soil had low available nitrogen (259.12 kg ha?), medium
phosphorus (40.77 kg ha?) and high potassium (323.01 kg ha?). The
soil reaction was neutral (pH 7.76) with medium organic carbon
(0.50 %) and normal electrical conductivity (0.23 dS m?) and PGRs
were applied as foliar spray. Plant growth regulators (CCC at 1500
ppm=15mLL*and 2000 ppm=2.0 mL L*; BAat 200 ppm =200 mg
L* and 250 ppm =250 mg L* of stock solution) were prepared using
standard dilution methods. Foliar application was carried out 4
weeks after transplanting as per treatments, ensuring uniform
spray coverage.

Statistical analysis

The recorded data were analysed using ANOVA as per the
procedure for FRBD to determine the significance of treatment
effects. Results were interpreted based on pooled means of 2 years
(2023-2024 and 2024-2025).

Results and Discussion
Vegetative characters

The data on vegetative growth parameters, viz. plant height (cm),
plant spread (cm), number of primary branches, number of
secondary branches, stem diameter (mm) and chlorophyll content
(SPAD meter), were recorded and analysed. All data related to
vegetative growth parameters are systematically presented in
Tables1and 2.

The effect of seedling age on plant height was found to be
non-significant. Among the plant growth regulators, foliar
application of BA at 250 ppm (G,) recorded the maximum plant
height (85.83 cm), whereas the minimum plant height (74.05 cm)
was observed under CCC at 2000 ppm (G,). The results indicated
that plant height was positively correlated with increasing
concentrations of cytokinin (BA), which stimulates cell division,
elongation and shoot proliferation (4-6). Pinching significantly
influenced plant height, where P, resulted in the maximum height
(95.15 cm), while P, recorded the minimum plant height (66.05 cm).
The reduction in height due to pinching is attributed to the removal
of the apical bud, which disrupts apical dominance and redirects
assimilates toward lateral branch development instead of vertical
growth (7, 8). The combination S;G, (S: X BA at 250 ppm) produced
the tallest plants (87.10 cm), whereas S,G, (S; x CCC at 2000 ppm)
resulted in the shortest plants (74.02 cm). The interaction between
PGR and pinching (G x P) indicated that G,P, (BA at 250 ppm x Py)
produced the tallest plants (103.14 cm), while G,P, (CCC at 2000
ppm x P,) recorded the shortest (61.73 cm). Among the three-way
interactions, S:G,P, (S1 x BA at 250 ppm X Pg) produced the
maximum plant height (106.11 cm pooled mean), whereas S;G,P,
(S1x CCC at 2000 ppm x Py) recorded the minimum (60.88 cm). The
combination S;G,P, (S: + BA 250 ppm + Po) showed superiority
because younger seedlings generally establish faster and produce
more vigorous early growth due to their higher metabolic activity
and better root-shoot synchronization. The application of
Benzyladenine (BA) at 250 ppm, a cytokinin, further enhances

2

growth by promoting cell division, cell elongation and branching,
resulting in increased vegetative development. Additionally, no
pinching (Po) allows the plant to maintain apical dominance,
enabling uninterrupted vertical growth and leading to maximum
plant height. These combined physiological advantages contribute
to overall superior plant performance.

The effect of seedling age on number of primary branches
was found to be non-significant experimentation. It was observed
that maximum primary branching (13.02) was recorded under G,
(CCC at 2000 ppm), was statistically comparable to G, (CCC at 1500
ppm; 12.72 cm) and the lowest number of primary branches (12.08)
noted under G4(BA at 250 ppm). Pinching exhibited a significant
influence on primary branches the data revealed that the
maximum number of primary branches was consistently recorded
in treatment P,, which produced 13.84 branches, whereas the
minimum number of primary branches was observed under
treatment P, which recorded only 11.29. All the interaction effects
on primary branches in African marigold were statistically non-
significant.

The effect of seedling age on number of secondary
branches was found to be non-significant. The highest number of
secondary branches (38.75) was observed in treatment G, (CCC at
2000 ppm), whereas the lowest number of secondary branches
(26.95) was recorded under G, (BA 250 ppm). In this experiment,
application of CCC at 2000 ppm markedly influenced branch
formation. The probable reason behind this result may attributed
to CCC, a growth retardant, inhibits gibberellin biosynthesis, which
suppresses excessive stem elongation and promotes compact
growth and axillary shoot formation. This makes plants bushier and
allows greater allocation of resources to branch development
rather than vertical growth (9-12). Secondary branches (40.43) were
highest under P.. The minimum number of secondary branches
(32.06) was recorded under Po. Pinching significantly increased
branches. The reason may be attributed to the removal of the
apical bud, which disrupts apical dominance by lowering auxin
concentration at the shoot tip. This physiological change redirects
assimilates and growth hormones, particularly cytokinin’s, towards
axillary bud outgrowth, thereby enhancing the production of lateral
branches (13, 14).The interaction between seedling age and PGRs
exerted a significant influence on the number of secondary
branches, S, treated with CCC at 2000 ppm (S,G,) produced the
highest number of secondary branches (35.00) on par with S; with
CCCat 2000 ppm (S:G,) with 34.58 branches. The lowest number of
branches (26.59) was recorded in S; treated with BA at 250 ppm
(S1G,). Evidence from data indicated that G,P, (CCC at 2000 ppm
combined with S,) resulted in the maximum secondary branching
(45.26), whereas G,P, (BA at 250 ppm with Po) produced the
minimum number of secondary branches (16.14). The data showed
that a significant interaction between seedling age, plant growth
regulators and pinching influenced the number of secondary. Triple
interaction, S,G,P, (S. treated with CCC at 2000 ppm combined
with Pg) consistently resulted in the highest branching (46.57), while
S1G,4P,, (S: treated with BA at 250 ppm without pinching) showed
the lowest number of secondary branches (15.02).

No significant difference was observed for seedling age on
stem diameter. All the levels of plant growth regulators significantly
influenced stem diameter, the superior performance of G, (16.05
mm) in terms of stem diameter, which was Statistically at par with G;
(15.18 mm), while G, recorded the lowest value (12.99 mm). The

https://plantsciencetoday.online


https://plantsciencetoday.online

“JUBDIIUBIS-UON SN |9A3] % G 3e 92UaJayIP 1ed134D (% G) @D ‘Ueaw Jo 1013 piepuels
:wi3s ‘Buiyouid s)qnoq :zd Buiyduid 9)3uls 14 ‘Buiyduid o :°d ‘wdd 05z (vg) uiuoif) ¥o fwdd 0oz (vg) utuoikd €9 fwdd 000z 192024) 29 ‘wdd 00ST 1920247 119 {s3ul)pass plo-Aep-Ge 2 {s3uljpass plo-Aep-Gz 1S

SN SN SN SN SN SN SN SN SN 0T'T 0Tt 60°T SN SN SN 0T'T €S°T 09°'T (% S) @
70’  To'T €0 L6°0 vT'T €0°C ¥S°0 SS°0 ¥S°0 8€°0 w0 8€°0 8€°0 150 T9°0 ¥S°0 €5°0 95°0 (¥) was
TCLL  vS'LL 68°9L 0L°0S YT'1S LT°0S 1ZA) €091 SCLT €T°9¢ (AR §G1°9€ Ov'eT el VE'ET 6L°L8 6T°0L IT'T1L "D
16'8L 1¥'6L O0¥V8L SGL'8% ST'6v SE8Y 08°LT LT 61°8T G18¢ 1'8€ LE°6€ 8G°€T SLET el S1°¢6 16'99 1819 td®o
8C'08 ¢CC'08 S€08 14344 178474 €6ty o6l 16'8T S6'6T 9T'Sy 8ty TL'SY [ X 40 9TVl Tyt €L'19 ¥9'19 €8'T9 o
06'T8 ¢C'C8 8918 STy LTy vL°0v TL'8T 8¢'8T 16T LSTY §6°0% 8T¢y 14941 STvT [An4¢ 124¢] 06°€9 1679 o
L0°/9 S0°.9 60°L9 0v'6€ L6'6€ 8'8€ GG'ET TIT¢T 66°CT 89'8¢C L6'LC 0c'6C [ANA4N ST'CT 0Tt 0L'€8 L9°€8 8'€8 'd"D
91’89 GT'89 9189 S¥'LE ¥1'8¢ GL9¢ L0VT v9°€T 05T 8G°T¢E 96°0¢ 6TCE 9¢CT 6€°CT [ANA4t 0€°¢8 3’18 L0°€8 'd®9
CO'TL CV'IL T19°0L S¥'GE 86'GE T6'vE 8T'9T 0L'ST G991 cLveE TTvE yE'GE 86°CT 00°€T 16'CT ¥9'CL €L L6'CL 'd9
6CcL SveL E€TCL v'ee 98°cE §6°CE [44°)t 09'¥T ¥8'ST Geee vL'CE L6°€E 19°CT 65°CT €9°¢CT LL'vL 8'%.L vLvL 'd™®
€CT9  V¥CT19 E€TT9 19'8¢C 9€'8¢ 11°8¢C 89'8 698 89'8 Y191 [AR1 GL°9T €L°0T SL°0T 0L°0T YT°€0T 0T'€0T 8T°¢0T °d"9
€€°C9  S¥C9  0CC9 €9°9¢ 69°SC 1€°9C LE°0T €6°6 180T S¥'6T 881 80°0¢ 8T'TT Y1t [ANNE S'L6 €186 16'96 °dt9
G8'€9 €6'¢9 9.°€9 ¥8°C¢C 09'CC 80°€C 19°CT 6€'CT €9°CT 6T LL'EC 00°S¢C 98'TT 98°'TT S8'TT 6L°L8 8L°18 08.8 °d*9
SL'¥9  S9Y9  ¥8Y9 61°0C €¥°0C Y1'1¢ T9°TT 71T 08°TT §§°CC ¥6'1¢ LT€C 1T or'1T Tl S1°¢6 €76 9616 °d™9

SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN (% s) @
€r'T €T T S6°0 86°0 96°0 8€°0 6€°0 8€°0 L0 15°0 9’0 LT°0 9€°0 €r°0 Ly°0 S9°0 89°0 (¥) was
veeL  LS'6L  C6'8L 0T'sy 8¢Sy €6y v6'LT v LT S¥'8T ¥9'0% 10 8T'TY ¥8'€T 98°€T VLET €299 T.°99 §1°99 ¢S
T6'6L CT'08 696L 1671 60°'SY €LYy 0¥'8T 00'8T 881 TCor 65°6€ €8°0% G8€T ¥6°€T I8°€T 18°99 09'99 ST°99 'S
T€E69 ¢9'69 0T'69 T9°GE 19°GE ye'qe 9LYT SEVT LT'ST cLTE TT'1€ yece ST Syt Syt 97'8L TC8L TE8L deS
96’69 ¢0'0L 0669 ¥1'9€ LT9E T0°9€ 174t LTVT [4%°] § 6€°CE 8LTE T0°€E 65°CT 19°¢CT 99°¢CT v¥7'8L 06°LL 66'8L d's
€879 €6'C9 E€L779 ¢6'€C 0T'v¢ VL'€C €L°0T 61°0T L6°0T 0c'0c 8G'6T 8'0¢C LT'TT 0C'TT YT'TT S'v6 08'v6 YTve °d*S
¥C'€9  0C€9  8CTE9 €9v¢C €LvC veve ¥8°0T ¢L0T 86°0T 90°'T¢ ¥¥°0¢ L9°T¢C [4ANE V1T or'1T 81°96 18°S6 69'56 °d'S

SN SN SN SN SN SN SN SN SN 0T'T 0Tt 60°T SN SN SN 0T'T €S°T 09°'T (% s) @
S9'1T S9'T 9971 6L°0 €6°0 LT'T v°0 St°0 v°0 8€°0 w0 8€°0 T€°0 w0 6t°0 8€°0 €59°0 95°0 (¥) was
Y189 6789 66°L9 €L'8€ €0'6€ '8 ¥0'€T 89°CT 6E°ET 0e'LC 69'9¢ (494 L6'TT T0°CT €6'TT 96’8 LEV8 SLv8 LR
1889 €689 1889 8¢°0% T9°0% ST'O¥ ¥6°CT vl [44 65°9¢ 86°GC 1CLC ocet €¢I 9T'¢CT 0T'.8 1898 [43W] LORN
T9'69 9169 9769 L1°9€ TAVRS 8C°9¢ 9L'ET 0€'ET Tyt [ANT4 6¥'8¢ vL'6C SECT 6€°CT TeCT TO'€8 18°C8 e SN
80°0L GC'0L T6'69 TLLE 90°'8¢ LE°LE vl 0091 6.1 €L°0¢ croe GETE o¥'ct €9°CT 9C'tct 0818 8918 ¢0'¢e8 R
09'TL SL'TL 9CTL TG'€E E€L'EE 6C°€E 00°9T €9°GT LE9T 00°G€ 09'v€ 09°GE 66'CT 86'CT 00°€T [4oh 73 €0vL 00'¥L s
¢6'TL L6'TL 88TL 06'7€ ST'SE 99'v¢ 0T'9T 0T'9T S¥9T 8G7¢ 96°€E 6T°SE 90°€T 60°CT C0eT 60'7L 6L°€L 6EVL (RN
69CL 06'CL 8¥'CL €T'Ce 9r'ce 00'ce yT'ST 8LYT 09T 0o'ce 8¢'TE c9'Ce €9°CT €9°CT €9°CT 60°LL 66'6L 60°LL 9¢S
LceL  1€eEL TeeL 09°'TE LL°TE wie [44°)s v1°qT 69°GT 86°CE 9¢gce 65°€E 18°CT 6L°CT [4: X4t ST'LL ¥6'9L 9¢LL (RN
88'C 18T 06'C 8¢€°'T €9°'T 0°T LL'0 8L'0 LL'0 8L'0 S8°0 LL0 S0 L0 98°0 LLO 80°T €T°T (% S) @
10T T0'T  <¢0T 9t°0 LS°0 L0 LT°0 LT°0 LT°0 LT°0 6T°0 LT°0 6T°0 ST°0 0€°0 LT°0 8¢€°0 6€°0 (¥) was
89'6L G8'6L 0€'6L 9C'9 0L9% (434 8T'8T LT €9'8T ev'or G8'6€ 00'TY ¥8'€T 06'€T LL'ET G099 G199 S¥'99 d
€969 1169 0569 €7'9¢ 66'9¢ 98'GE SLYT EIadqt Y¢St 90°¢CE y'1e L97CE [A° A4S €9°CT 0S¢t GeE'8L 90°'8L §9'8L d
¥0'€9  L0°€9 00°€9 Ev've LTve 69v¢C 6L°0T T9°0T 86°0T €9°0¢C T0'0C SC'TC 6C'TT I€TT LTTT ST1°96 €€'G6 96’76 °d
ce'e ree ve'e 6S°T 88T 9€°C 88°0 06°0 68°0 €9°0 69°0 €9°0 29°0 SN SN €9°0 68°0 €6°0 (%s) @d
LT'T LT'T LTI 95°0 99°0 €8°0 LT°0 0 1€°0 o |24l o o 62°0 S€°0 [4A) TE€0 E0 (¥) was
0989 1989 0789 §G9°6€ 8'6€ 6C°6¢ 66°CT 197CT TE€T §6°9¢ €€°9¢ 1S°1¢C 80°CT [AN4s S0°CT €868 79S8 70'98 9
0869 00°0L 6569 velLe 99°'L¢E 8'9¢ 80'¥T 99°¢€T 05T 6°6¢C 0g6¢ ¥49°0€ LECT Sl a4t 6C°CT v'e8 6T°C8 29°C8 €9
TL'TL 98°TL LSTL TCvE e 16°€E S0'9T 69°ST 791 6L7¢ €CYE Ge'qe [ARNE L0°€T TO€T S0'vL T6°€L 0CvL 9
86'¢CL TT'€L G8CL 81E [4Vr43 T9°TE 8T'ST 9L¥T 69°GT 6v'ce 18°T¢E TT°ce Lt TL¢CT cLet Ll T0°LL Ll D

SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN (% S) @
€80 ¢80 €80 6€0 9’0 890 o (44l [44 LT0 6C°0 LT0 ST0 10 S0 LT°0 8€°0 6€°0 (¥) was
9%'0L L9°0L SC0L 8C'SE 19°G€ 00°S€ 8 v1 0T'vT L18°VT G8°0¢ 9C°0¢€ SY'1E 6¥'CT 0S¢t Lyt 0L'6L 1961 L1°6L S
¥0'TL TT'TL 960 €1°9¢ 0¥'9¢ G8°'GE L9VT 0€¥T ¥0'ST (44113 09°0€ ¥8'T€ 19°CT 99°CT 1G7CT 0008 61.°6L L1208 'S
ueaw qC | Z4 uesaw uesaw uesaw

p3j0od -v270T -£T0T uedw pajood ST-¥C0C HT-€TOT pajood SC-¥T0T ¥C-€T0C uedw pdjood ST-¥C0T HT-€T0T pajood ST-¥T0C tT-€T0T pajood ST-¥T0C PT-ETOT juswjeall

Suniamoyy % 0

(amen gvds) 3uszuod yAydoiojyd

(ww) J933WeIp WIS

saysueaq A1epuodas Jo Jaquiny

saydueaq Atewad jo Jaquiny

(wd) 3ySiay Jueld

Jeyeg esnd ‘Ad ploSLew ueduyy ul 3uLidmoly % 05
pue (Ja1oW Qvds) 3ua1u0d JjAydolojyd (W) Ja1awWelp Wwais ‘sayduelq A1epuodas jo saquinu ‘sayduesd Aewnd Jo saquiny ‘(wd) 3ySiay ue)d uo Suiyouid pue siojejndas yimou3 ueld ‘93e 3ulpass Jo 10943 *T d)qel

Plant Science Today, ISSN 2348-1900 (online)



<

TARUN ET AL

uedIUSIS-UON SN {19A3] % G 3 92UIBHIP |ed13ID (% G) @D ‘ueaw Jo JoLId piepuels
:wi3s ‘Buiyouid a)gnoq :¢d Buiyouid 9)3uls :1d Buiyouid oN :°d ‘wdd 05z (vg) ulunoik) o ‘wdd 00z (vg) utuoif) o fwdd 000z 1920247 29 ‘wdd 0OST 1920247 19 {s3ul)pass plo-Aep-Ge 12S ‘s3uljpass plo-Aep-G IS

SN SN SN SN SN SN SN SN SN 06°'T 80°C 68T SN SN SN 06°T 99°C 8L'T (% s)as
98°C 98°C 88°C LET (AN €0°C 9L°0 LLO 9L°0 99°0 Lo 99°0 €S°0 Lo 98°0 99°0 6°0 96°0 (¥) was
€9'9L 0T'LL 9T'9L 99’6y 0T'0S TC6v 19791 ¥0'9T 0T'LT 19°9¢€ §G0'9¢€ 8C'LE €CET 8¢'ET 6CET TC0L 69'69 Lo td"9%s ve)
6L°LL 16°LL T9°LL SL'TS LT1°CS [ XA} 1691 79T o¥'LT 09°s€ 86'7¢ [44°1) L¥'ET €9°CT 0¥'€T 0T'1L 69°0L 09'TL td'9's €1
€L°8L ST'6L 0€'8L e8y L8y [4WA4 16°LT 00°LT T0'8T L0°8¢ S¥'LE 89°8¢ ¥9'ET 99°¢T [ARNE S1°89 1519 €189 td*9’s “l
60°6L 19'6L 0S9'8L 8T'6Y YNG4 8L°8Y 0T8T ¥8°LT 9€'8T i'6€ 8'8¢€ 500 €9°ET €8°ET [44 ) €9'99 §C'99 c0°L9 td*9's L
00°08 0108 06'6L or'ey T9°ty T6°Cy <6l 8981 0861 LS°9% 6C°9% G897 9C'v1 6C¥T XA A4S 657C9 90°¢9 cTe9 td*9’s oTL
19708 €08 6108 18414 18°'Sy S6°7v 8961 9C’6T 0T°0C 6y XN 4 9GS vv 0CvT [444t 6TvT 88°09 119 ¥5°09 td*9's g !
29’18 ¥6'18 0€'18 L0'TY L9'TY Loy L¥'8T S0'8T 88'8T 8C'TY 99°0% 68'TY VT [4A% 4} 0TvT 86'€9 €9°€9 eV 9 td'™s 811
81°¢8 05°¢8 98’18 eV'1y 98°'T¥ 00°'T¥ §G6°8T 05°8T 0¥'6T 98°'T¥ {874 L'ty 9T'v1 8T¥T STvT 6879 9C'¥9 ¢S99 d'o's L
¥6'99 6,99 80°L9 79'8¢€ 0T'6€ €1'8¢ 1243 00°€T 88'€T 00'8¢ 8¢'LC T9'8¢ L0°CT ja4) ¥0'CT TE€E8 79'€8 66'C8 d"9%s L
TC'L9 €9 0T"L9 LT'0Y ¥8°0% T9'6€ 99'€T (442} OT'vT LT'6C GG'8¢C 8L'6¢C LTCT 6T°CT oT'Ct 608 ¢9'E8 G9'v8 'd"9's ST
8419 9919 6v°L9 ¥0'LE 06°LE LT9¢ €6°¢T LS°ET 0evT €eTe T.°0€ ¥6'1€ 0ect [4x4t Lcet 98°¢8 ST¢8 99°€8 'dt9’s Vil
vL'89 ¥9'89 €8'89 G8°LE LE'BE [XWAS 0CvT TLET 0LvT €8'TE TC1E e oWt I LETT SL'T8 ¢6°08 6G°C8 'd*9's G|
SL0L LTTL vcoL T6'7€ 9413 €EYE 60°9T 89°GT 0591 65°7¢ 16°€E 0c'se T16°CT 68°CT ¢6°CT €9CL LecL 89°CL d*9’s a1
8C'TL LSTL 86°0L 66'GE L¥'9€ 05°6s€ 9C9T (4] § 08'9T 98'vE veve Ly'SE 90°€T 0T€T TO€T SLeL SceL seeL 'd*9's L
96'TL SETL L19°TL €0'vE ST'vE T6'€E 6G°GT 9T'ST T0'9T 86°CE 9e'ce 6G°€E [ANAN 6v'CT S49°CT 9EvL LY. T0'v.L d™9%s oty
QL 8L 69°CL 6L°CE 19°€E 00ce S8 v1 1{h4t 99°'9T €LEE TT°€ee yEVE 0LCT 89°CT [A4s 6T°SL 067, L¥'SL 'd'™9's 51
G809 16°09 ¢L°09 T6°LC 68°LC ¢6°LC 0T'6 006 0C'6 SCLT ¥9'91 L1811 05°0T 90T L¥'0T LT°00T 18°66 €5°00T °d"9’s 81
¢9'19 0S9'T9 €L'T9 et €8'8¢C T9'6¢C 9’8 LE'8 9T'8 ¢0'ST ov'vT €9°GT S6°0T 96°0T €6°0T TT'90T 8¢€'90T €8'G0T °d"9's i |
€C9 L¥'C9 86'19 S6'7C 49T SLvC €86 €€6 ce0T 96°LT T€LT 0981 [ANNE 6T'TT Y0'TT ¥0'86 0,86 1€°16 °d*9’s °1
V29 79 729 T1°9¢ ¥C'9¢ 66'GC ¢6°0T €9°0T 0€'TT ¥6°0C ce0C S9'TC SCTT 6C'TT 0C'1TT T0°L6 99'L6 S¥'96 °d®9's S1
9.°€9 18°€9 §9°€9 9¢ce 0TcC €9°C¢C 99°CT [A° Al 08°CT G8°€C €Cee ov've 08'TT LLTT €8°'TT ¥6'98 99°/8 TC98 °d*9’s 41
€6°€9 66°€9 18°€9 [4% X4 0T°eC €G°€C 9e'CT LTtt €VCT €6'1¢ TEvC BT4 16°TT ¥6'TT 1811 79°88 06°L8 6£°68 °d*0’s £l
6v'v9 v'v9 19v9 0€'TC 16°0C 9'TC 9¢'TT [ANN 09'TT SL'TC €T'TC Leee 9C'TT 8C'TT €CTT €6°C6 €06 €86 ’d'9’s L
00°99 6879 0T°99 LcoC 8861 L9°0¢ S8°'TT 0L'TT 00°CT 9¢e°eC vLCe 16°€C 98’1t STt 09°1TT 9¢'T6 §9'T6 80°'T6 °d™’s L
pojooy STVZOT VT-EZ0T ,oo0l ST-IOT VT-ELOT puo0l ST-VTOT VZ-ETOZ pooo. ST-VTOL VE-ET0L pgoo. STVZOT VT-EL0T g0l ST-VEOT YEZ-ET0T ——
Supamoyy 9% 05 avds) ucwwﬂﬂw“ﬂ_\fneo_:u (ww) s332wWwelp wals >..mv:wwuwwﬁ.“mn£=z sayoueuq Lrewnad jo JaquinN (wd) 3819y yJue)d

Jeyeg esnd ‘Ad pjoSLiew uedlyy ul SuLidMol4 9% 05 pue (191w
avds) 3uajuod )Aydoio)yd ‘(ww) Ja3welp wajs ‘saydueiq A1epuodas jo Jaquinu ‘sayduesq Atewiid jo Jaquinu ‘(wd) ySiay jueld uo Suiyouid pue sioze)ndau ymous jueld ‘@8e Suljpass Jo }0ayd UoldeISIU| *T dqeL

https://plantsciencetoday.online


https://plantsciencetoday.online

improvement in stem diameter due to with the use of CCC at 2000
ppm, this effect may attribute the growth-retardant action of CCC,
which inhibits gibberellin biosynthesis. As a result, apical elongation
is restricted and assimilates are redirected towards radial thickening
of stem ftissues, leading to enhanced stem diameter. The CCC
application effectively promoted stem thickening by restricting
excessive apical growth (15). It is evident from the data, indicated
that P, recorded the maximum stem thickness (18.18 mm), whereas
Po produced the comparatively thinnest stems (10.79 mm).

Chlorophyll content measured using a SPAD meter.
Seedling age had a non-significant effect on chlorophyll content
(SPAD values). Chlorophyll content was significantly increased by
plant growth regulators. As regards the plant growth regulator
treatments G, (39.55) showed the highest SPAD readings and G,
(31.82) the lowest. The probable reason for this trend could be
attributed to the improvement in chlorophyll content under BA
treatments, which might be due to its role in facilitating greater
accumulation of chlorophyll a and b by increasing the number and
functionality of chloroplasts, thereby enhancing the overall
photosynthetic capacity of plants (13). Data showed that P,
recorded the maximum chlorophyll content (46.26), whereas P,
had the lowest chlorophyll values (24.43). This may be due to the
removal of apical dominance, which promotes lateral bud growth
and increases leaf area, ultimately leading to greater photosynthate
accumulation (16-18).

Flower quality characters

The data on flower yield characters, viz. flower diameter (cm),
number of flowers per plant, flower yield per plant (g), flower yield
per plot (kg) and flower yield per hectare (t), are presented in Table
3and 4. All data were recorded and analysed.

The 50 % flowering significantly influenced by different
levels of plant growth regulators, the minimum days for 50 %
flowering (68.50 days) was recorded under 250 ppm of BA (G),
which was statically similar to BA at 200 ppm (G;: 69.80 days). On
the other hand, maximum days were recorded under CCC at 1500
ppm (Gx: 72.98 days). Based on experimentation, it was found that
BA induced early 50 % flowering. Such effects might be explained
by stimulating meristem activity, improving assimilate partitioning
to the growing apex and promoting floral organ initiation, whereas
CCC delayed flowering by restricting cell elongation and
suppressing the vegetative-to-reproductive phase transition (19).
The 50 % flowering was significantly influenced by all the levels
pinching. However, P, recorded minimum days (63.04 days) for
50 % flowering, whereas P, recorded maximum days (79.58 days) to
50 % flowering. The interaction effects on 50 % flowering were
found to be statistically non-significant.

The effect of seedling age on flower diameter was found to
be non-significant. Based on data, the maximum flower diameter
(6.36 cm) was recorded in G, (BA at 250 ppm) which was statistically
at par with G5 (BA at 200 ppm; 6.11 cm), whereas the minimum
flower diameter (5.35 cm) was observed in G; (CCC at 1500 ppm).
The increase in flower diameter under BA application may
attributed to its cytokinin effect, which promotes enhanced cell
division and expansion in floral tissues, thereby resulting in larger
flowers (20). It is evident from the data that maximum flower size
was observed in treatment Py (Py: 7.22 cm) and minimum flower
diameter was recorded in treatment P, (P,: 4.74 cm). The increase
in flower diameter under P, conditions may be attributed to the

5

availability of more assimilates and better allocation of energy
towards fewer flowers (21). The interaction effects of seedling age x
PGR (S x G), seedling age x pinching (S x P), PGR x pinching (G x P)
and (S x G x P) on flower diameter were statistically nonsignificant.

Flower yield parameters

The effect of seedling age on the number of flowers plant* was non-
significant. The PGRs application significantly affected the number
of flowers plant™. Based on data, it was observed that treatment G,
(CCC at 2000 ppm) recorded maximum number of flowers plant?
(56.13) and minimum number of flowers plant!(45.32) was
recorded in treatment G, (BA at 250 ppm). Pinching exhibited a
significant effect on flower number. Among the different levels of
pinching, the maximum number of flowers plant(70.91) were
noted in treatment P,. On the other hand, treatment P, recorded
the minimum number of flowers plant*(27.99).

The interaction between seedling age and PGRs (S x G) was
found significant for number of flowers plant®. The S,G, (25-day
seedlings x CCC at 2000 ppm) produced the highest number of
flowers plant? (57.59), whereas the lowest number of flowers plant*
(44.76) was observed in $,G, (S1 % BA at 250 ppm). Data revealed
that S;P, produced the maximum number of flowers (71.53), which
was statistically at par with S,P, (70.28) and minimum number of
flowers plant? (27.90) was observed under S;P,,

Interaction between plant growth regulators and pinching
(G x P) exhibited significant differences in number of flowers plant?,
maximum number of flowers plant? (76.59), followed by G:P, (CCC
at 1500 ppm x P,; 71.01), whereas G,P, (CCC at 250 ppm x Py)
produced the minimum number of flowers plant! (22.14).The
interaction between plant growth regulators and pinching (G x P)
exerted a significant influence on the number of flowers plant™. The
combined interaction of seedling age, PGRs and pinching (S x G x P)
had a significant effect on number of flowers plant’,where S,G,P,
(S1 treated with CCC at 2000 ppm combined with S;) produced the
maximum number of flowers plant?* (79.13), followed by S,G,P, (S:
treated with CCC at 2000 ppm combined with P;; 74.05), while the
minimum number of flowers plant® (19.74) was recorded under
Si1G,P, (BA at 250 ppm).These findings clearly indicate that the
combination of younger seedlings (25 days after seedling (DAS)),
CCC at 2000 ppm and double pinching synergistically enhanced
flowering potential

The probable reason for this trend could be younger
seedlings (25 DAS) possess higher physiological activity, better
establishment potential and a well-balanced root-shoot system
that ensures efficient nutrient absorption and assimilate
translocation, supporting vigorous vegetative and reproductive
growth. The application of CCC (CCC at 2000 ppm), a growth
retardant, inhibits gibberellin biosynthesis, thereby reducing apical
dominance and promoting the initiation of lateral branches and
flower buds (22-24) and furthermore, double pinching physically
removes apical meristems, which not only suppresses apical
dominance but also enhances the outgrowth of secondary
branches, providing more sites for flower initiation and
development. The combined physiological and hormonal
responses thus resulted in a marked increase in the total number of
flowers per plant under this treatment (25).

Data revealed that flower yield plant® was significantly
influenced by seedling age in the pooled mean. It is evident from
the results that the maximum flower yield plant* (462.04 g) was
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recorded with S;, while S, produced lower flower yield plant®
(443.44 g). Application of plant growth regulators exerted significant
effect on flower yield plant®. Amongst the different levels of plant
growth regulators, significantly maximum flower yield plant? (g)
was observed under CCC at 2000 ppm (G 547.55 g), whereas
minimum flower yield plant-! (g) was recorded under BA at 250
ppm (G, 384.77 g). The data revealed that treatment single
pinching (P1) produced maximum flower yield plant* (501.47 g),
whereas treatment non-pinched plants (P, 370.01 g) showed
minimum floweryield plant™ (g).

The interaction between seedling age and pinching was
found to be significant, SiP: produced maximum flower yield plant™
(516.56 g), while the lowest flower yield plant! (367.10 g) was
obtained under S,P,. From the observations the results indicated
that G,P; (CCC at 2000 ppm x single pinching) produced the highest
flower yield plant™ (609.38 g), while lowest pooled flower yield plant*
(288.98 g) was recorded under G,P, (BA at 250 ppm x Py).

The data indicate that the combined interaction of seedling
age, plant growth regulators and pinching (S x G x P) significantly
influenced flower yield plant®. Findings based on pooled mean
data, the highest flower yield plant* (628.92 g) was recorded under
S1G,P; (S1 x CCC at 2000 ppm x Py), followed by S,G,P, 25-day-old
seedlings x CCC at 2000 ppm % P, produced 599.07 g flower yield
plant. However, the lowest flower yield plant* (273.51 g) was
observed in S,G,P, (S: x BA at 250 ppm x Po). These results clearly
demonstrate that younger seedlings (25 DAS) when treated with
CCC (2000 ppm) with pinching produced higher flower yield plant™
compared to older seedlings or treatments with BA.

A perusal of data revealed that flower yield plot! was
significantly influenced by seedling age. The results pertaining to
the maximum flower yield plot* (7.49 kg) was recorded with S,
while the minimum flower yield plot* (7.11 kg) was observed with
S,. Inthe present study showed that S produced higher flower yield
plot* than S,. Significant differences were observed among the
different levels of plant growth regulators for flower yield plot* (kg).
Among the PGRs, G, (CCC at 2000 ppm) recorded the highest flower
yield plot?, (9.03 kg) whereas the lowest flower yield plot™* (6.11 kg)
was recorded under G, (BA at 200 ppm). The data with respect to
flower yield plot™ that treatment P, produced the highest yield (8.21
kg), while P, resulted in the lowest flower yield plot* (5.95 kg in). In
the present study, it was observed that P, produced the highest
flower yield compared to P, during the experimentation.

The interaction effects of seedling age x PGR (S x G),
seedling age x pinching (S x P), PGR x pinching (GxP) and Sx G x P
on flower yield plot* were statistically significant. The interaction
between seedling age and plant growth regulators was found
significant. the treatment S,G, recorded the highest yield (9.47 kg
plot!). However, lowest flower yield plot* (6.10 kg) was observed
under both S:G, (25-day-old seedlings x BA at 250 ppm). The
interaction between seedling age and pinching exhibited a
significant influence on flower yield plot’.The results of this
investigation the treatment S;P: noted the maximum flower yield
(8.59 kg plot!) and the lowest flower yield plot* (5.87 kg) was
recorded under S,P,. The interaction between PGRs and pinching
showed a significant effect on flower yield plot®. The combination
G,P: (CCC at 2000 ppm x Py) recorded the maximum flower yield
(10.48 kg plot?) and the lowest pooled yield (4.47 kg plot?) was
observed under G,P, (BA at 250 ppm x Po).
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It was observed that $;:G,P: recorded the highest flower
yield plot* (11.38 kg ) followed by $:G,P, (S1 x CCC at 2000 ppm x P;
9.73 kg), while data showed that the lowest pooled flower yield plot
1 (4.07 kg) was noted under $,G,P,.(S: x BA at 250 ppm x Pg).The
effect of seedling age on flower yield hectare! was found to be
statistically significant. Data revealed that S; produced higher flower
yield (19.16 t ha') whereas S; recorded flower lower vyield
(18.19 t hal). In the present investigation, it was found that S;
produced significantly higher flower yield hectare® as compared to
S,. The result obtained in this investigation G, (CCC at 2000 ppm)
recorded the highest yield (23.10 t ha?) whereas lowest flower yield
hectare! was recorded under G, (BA at 200 ppm) (15.62 t hal). From
the above resullts, it was shown that CCC-treated plants produced
higher flower yield compared to other treatments.

It is crystal clear from the data on treatment P; produced
the highest flower yield hectare? (21.00t), while no P, resulted in the
lowest yield (15.05 t ha?). In the present study, the data clearly
showed that P; produced the highest flower yield per plant and per
hectare. The interaction effects of seedling age x PGR (S x G),
seedling age x pinching (S x P), PGR x pinching (G x P) and Sx G x P
on floweryield plot* were statistically significant.

The interaction between seedling age and plant growth
regulators was found significant. It is evident from the data, S:G,
(S2 x CCC at 2000 ppm) recorded highest flower yield (24.22 t ha?),
whereas the lowest flower yield (15.62 t ha?) was recorded under
S,G,. The interaction between seedling age and pinching (S x P)
was significant, S;P; produced the highest flower yield (21.99 t ha?),
while S,P, recorded the lowest flower yield (15.03 t hal). A
significant interaction between PGRs and pinching. It is evident
from the data that G,P: (CCC at 2000 ppm x single pinching) noted
highest flower yield (26.82 t ha?), followed by G,P, (CCC at 2000
ppm x double pinching; 24.18 t ha?), whereas G,P, (BA at 250 ppm
xPo) recorded the lowest floweryield (11.44 t ha).

The three-way interaction among seedling age, PGRs and
pinching was found significant. Data revealed that the combination
S1G,P1 (S1 x CCC at 2000 ppm x Py recorded the maximum flower
yield (29.12 t ha?), followed by S;G,P, (S; x CCC at 2000 ppm x P;
24.89 t ha?), while the lowest flower yield (10.42 t ha?) was obtained
under S,G,P, (S1 x BA at 250 ppm x Py). The improved flower yield
observed in the experiment can be explained through the
coordinated influence of seedling physiology, hormonal regulation
and mechanical canopy manipulation. Younger seedlings (25 DAS)
generally possess a more active meristematic system, higher root
proliferation and superior transplant recovery, which together
enable rapid canopy development and timely transition to the
reproductive phase. Their efficient resource acquisition and early
establishment create a favourable internal environment for
initiating more floral meristems. In contrast, older seedlings
experience greater transplant shock, slower root regeneration and
reduced physiological activity, which limit branch formation and
ultimately restrict flower production.

The application of CCC further enhanced yield by altering
endogenous hormonal balance. By suppressing gibberellin
synthesis, CCC reduces cell elongation and restricts apical
dominance, encouraging the activation of axillary buds and
promoting a compact but highly branched plant structure. This shift
in growth pattemn channels assimilates toward developing
reproductive organs instead of excessive vegetative expansion.
Several earlier studies have also noted that CCC-mediated
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modification of hormonal pathways increases branching intensity
and supports higher flower production in ornamental crops (26, 27).
Pinching complemented these effects by mechanically removing
the apical meristem, which eliminates the dominance of the main
shoot and facilitates the emergence of numerous lateral branches.
This structural modification increases the number of potential
flowering sites and enhances the distribution of photosynthates
across developing buds. Plants that remain unpinched retain
strong apical control, produce fewer branches and consequently
bear fewer flowers (28, 29). These findings agree with previous
studies, which reported that the integration of growth retardants
like CCC with pinching enhances branching and flower yield in
marigold (30-32). When these three factors operate together, they
create a highly efficient and well-coordinated growth system.
Vigorous young seedlings provide a strong physiological
foundation, CCC regulates hormonal pathways to favour branching
and reproductive growth and pinching amplifies lateral shoot
proliferation through the removal of apical dominance. The synergy
of these mechanisms results in a larger number of floral buds,
improved assimilate allocation and ultimately, the highest flower
yield per plant. This integrated approach harmonises plant
architecture, hormonal balance and resource distribution, resulting
in superior reproductive performance.

Conclusion

The findings of the present investigation clearly revealed that
among the individual treatments, the combination of 25-day-old
seedlings, cycocel at 2000 ppm and single pinching consistently
enhanced vegetative growth, improved flowering traits and flower
Yield. The combined interaction S x G x P indicated that S,G,P; (25-
day seedlings x cycocel at 2000 ppm x single pinching) was the best
overall treatment, producing the highest flower yield of African
marigold (Tagetes erecta) cv. Pusa Bahar.

Acknowledgements

The authors express their sincere gratitude to the Department of
Floriculture and Landscape, College of Agriculture, Indira Gandhi
Krishi Vishwavidyalaya, Raipur, Chhattisgarh, India, for providing
the necessary research facilities, field resources and technical
support for the successful conduct of the experiment.

Authors' contributions

TK conducted data collection, recording and statistical analysis.
SKT performed the data analysis. VK verified the data and statistical
analysis and coordinated the study. All authors read and approved
thefinal manuscript.

Compliance with ethical standards

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

Ethical issues: None

References

1. Sheoran S, Beniwal BS, Dalal R. Floral and yield attributes of
African marigold as influenced by pinching and gibberellic acid in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

different seasons. Pharma J. 2022;4(3):231-37.

Pandey A, Mishra AK, Sharma M. Role of cytokinins in enhancing
growth and vyield of marigold (Tagetes erecta L.): A review. J
Pharmacogn Phytochem. 2021;10(4):785-88.

El-Shayeb NSA, Elbohy NFSI, Abdelkader MAI. Effect of pinching
date and potassium fertilizer rate on growth and productivity of
roselle (Hibiscus sabdariffa L.). Asian J Agric Hortic Res. 2021;8
(2):18-27. https://doi.org/10.9734/ajahr/2021/v8i230112

Talukdar P, Paswan S, Kumar R. Effect of cytokinins on growth,
flowering and flower longevity in African marigold (Tagetes
erecta). J Ornamental Hortic. 2022;25(2):75-84.

Gao S, Zheng X, Zhao T, Zhang Q. Effects of cytokinins on shoot
and root development in tomato seedlings. Plant Growth Regul.
2018;84(2):289-98.

Singh B. Effect of plant growth regulators on growth and
flowering  behavior of chrysanthemum  (Dendranthema
grandiflora L.) cv. Vasantika. Ann Plant Soil Res. 2015;17:23-24.

Shinde BN, Patil VS, Kulkarni BS. Effect of pinching and growth
regulators on growth and yield of chrysanthemum. J Maharashtra
Agric Univ. 2010;35(3):457-59.

Srivastava R, Sharma BP, Awasthi AK. Effect of pinching and plant
growth regulators on growth and flowering of marigold. J
Ornamental Hortic. 2002;5(2):20-25.

Gowda IVN, Jayanthi R. Effect of cycocel and maleic hydrazide on
growth and flowering of African marigold (Tagetes erecta L.). Prog
Hortic. 1991;23(1-4):114-18.

Mohanty CR, Mishra RL, Dash DK. Response of pinching and
growth retardants on growth and flowering of marigold (Tagetes
erecta L.). Orissa J Hortic. 2012;40(1):102-05.

Sasikumar D, Singh KP, Kumar R. Effect of cycocel (CCC) and
pinching on growth and flowering of African marigold (Tagetes
erecta L.). Ann Hortic. 2015;8(1):65-70.

Pushkar NC, Singh AK. Effect of pinching and growth retardants
on flowering of African marigold (Tagetes erecta L.). Orissa J
Hortic. 2009;37(1):14-18.

Sushma L, Prasad VM. Effect of plant growth regulators and
pinching on growth and yield of marigold (Tagetes erecta L.) under
Prayagraj agro climatic conditions. Int J Plant Soil Sci. 2022;34
(21):750-54. https://doi.org/10.9734/ijpss/2022/v34i2131328

Sehrawat SK, Dahiya DS, Singh S. Effect of pinching and plant
growth regulators on growth and flowering in marigold. Haryana
J Hortic Sci. 2003;32(1-2):65-67.

Khandelwal SK, Jain NK, Singh P. Effect of growth retardants and
pinching on growth and yield of African marigold (Tagetes erecta
L.). J Ornamental Hortic. 2003;6(3):271-73.

Soltanmoradi FS, Sedaghathoor S. Antioxidant capacity and
pigment synthesis of marigold (Calendula officinalis L.) as
influenced by benzyladenine and epibrassinolide. AIMS Agric Food.
2018;3(2):109-19. https://doi.org/10.3934/agrfood.2018.2.109

Rathore HR. Effect of different plant spacing and pinching on
growth, yield and flower quality of marigold (Tagetes erecta L.).
M.Sc. (Ag.) Horticulture Thesis, Indira Gandhi Krishi
Vishwavidyalaya, Raipur; 2007.

Halagi MS, Maurya RP, Bundela MK, Jat MK. Effect of plant spacing
and pinching interval on growth, yield and flower quality of
African marigold (Tagetes erecta L.) under semi-arid conditions.
Pharma Innov J. 2025;12(4):2246-54.

Sedhai R, Katel S, Adhikari A. Effect of pinching on growth,
flowering and yield of African marigold (Tagetes erecta L.) cv.
Calcutta Local. Fundam Appl Agric. 2024;9(3):204-12. https://
doi.org/10.5455/faa.198151

Kedar DP, Panchbhai DM, Chatse DB. Influence of pinching on
growth, flowering and yield of different flower crops. Int J Curr
Microbiol Appl Sci. 2021;10(3):1854-59.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.9734/ajahr/2021/v8i230112
https://doi.org/10.9734/ijpss/2022/v34i2131328
https://doi.org/10.3934/agrfood.2018.2.109
https://doi.org/10.5455/faa.198151
https://doi.org/10.5455/faa.198151

TARUN ET AL

21.

22.

23.

24.

25.

26.

217.

28.

Mandal M, Maitra S, Sarkar A, Paramanik B, Sarkar I, Mahata D.
Studies on the effect of cytokinin on growth of African marigold
(Tagetes erecta L.) cv. Pusa Narangi Gainda. Int J Curr Microbiol
Appl  Sci.  2019;8(8):2327-36.  https://doi.org/10.20546/
ijcmas.2019.808.269

Sasikumar K, Baskaran V, Abirami K. Effect of pinching and growth
retardants on growth and flowering in African marigold cv. Pusa
Narangi Gainda. J Hortic Sci. 2015;10(1):109-11. https://
doi.org/10.24154/jhs.v10i1.173

Atal HL, Bairwa HL, Mahawer LN. Studies on performance of China
aster (Callistephus chinensis (L.) Nees) varieties in southern
Rajasthan agro-climatic conditions. J Ornamental Hortic. 2019;22
(1-2):33. https://doi.org/10.5958/2249-880X.2019.00006.9

Tripathi RS, Yadav SK. Effect of plant growth regulators on
flowering in French marigold (Tagetes patula). Indian J Hortic.
2003;60(1):45-49.

Singh D, Keditsu R, Hemanta L, Sonka MK. Effect of plant growth
regulators on the flowering parameters and shelf life of African marigold
(Tagetes erecta L.) cv. Pusa Narangi Gainda. Plant Arch. 2023;23(2):449-
52. https://doi.org/10.51470/PLANTARCHIVES.2023.v23.n02.073

Girwani RK, Singh RK, Patel M. Effect of CCC on growth and
flowering of African marigold (Tagetes erecta L.). Haryana J Hortic
Sci. 1990;19(2):112-18.

Khandaker MM, Boyce AN, Osman N. The influence of 2
chloroethyl trimethyl ammonium chloride (CCC) on growth and
flowering of zinnia. Aust J Crop Sci. 2011;5(7):778-83.

Patel KR. Effect of plant growth regulators on growth, flowering
and flower yield of marigold (Tagetes erecta L.) cv. Lemon. M.Sc.
(Agri) Thesis, Gujarat Agricultural University, Sardar Krushinagar;
1990.

10

29. Chauhan S, Rao VK, Kumar A, Ghosh S. Response on pinching and
growth regulators on African marigold cv. Pusa Basanti Gainda
under midhill condition of Uttarakhand. J Hill Agric. 2016;7(1):46-
51. https://doi.org/10.5958/2230-7338.2016.00008.2

30. Kumar A, Thakur A, Rani N. Effect of plant growth regulators and
pinching on growth and flowering in African marigold (Tagetes
erecta L.). Int J Curr Microbiol Appl Sci. 2017;6(10):1514-20.

31. Singh KP, Arora JS. Effect of growth retardants and pinching on
carnation (Dianthus caryophyllus L.) under protected conditions. J
Ornamental Hortic. 2003;6(3):252-55.

32. Bairwa S, Mishra JS. Effect of NAA, BA and kinetin on yield of
African marigold (Tagetes erecta L.). Int J Curr Microbiol Appl Sci.
2017;6(6):1236-41. https://doi.org/10.20546/ijcmas.2017.606.144

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/10.20546/ijcmas.2019.808.269
https://doi.org/10.20546/ijcmas.2019.808.269
https://doi.org/10.24154/jhs.v10i1.173
https://doi.org/10.24154/jhs.v10i1.173
https://doi.org/10.5958/2249-880X.2019.00006.9
https://doi.org/10.51470/PLANTARCHIVES.2023.v23.no2.073
https://doi.org/10.5958/2230-7338.2016.00008.2
https://doi.org/10.20546/ijcmas.2017.606.144
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/

