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Abstract

The present investigation was carried out during 2015-16 at research field Keywords: Calendula, Plant Growth
of department of horticulture, Allahabad School of Agriculture, SHIATS, Regulators, GA;, NAA, CCC
Allahabad. The experiment included thirteen treatments and three

replications. Treatment used were T, (Control), T, (GA;s @100ppm), T, *Correspondence
(GA;@200ppm), Ts (GA;@300ppm), T, (NAA@50ppm), Ts (NAA@ Author: Syed khudus
100ppm), T (NAA@150ppm), T (NAA@200ppm), Ts (CCC@250ppm) Email: khorticos@gmail.com
and Ty (CCC@500ppm), Ty, (CCC@750ppm), T1; (CCC@1000ppm), Ty,

(CCC@1250ppm). The results obtained showed that application of GA;

@300 ppm was found to be superior in plant height(38.6cm), plant

spread(45.7cm), number of branches(34.4), number of leaves(240.7), and

diameter of flower(6.8 cm), whereas, NAA @200 ppm was found to best

for weight of flower(4.5 g),number of flowers per plant(42.2),yield of

flowers per plant(211.3 g),yield of flowers per plot(1056.2 g) and yield of

flowers (19.3 t/ha) as compared with control. Therefore, it can be

concluded that application with GA;@300and NAA @200 ppm was

found best for calendula growth and flower yield attributes.

Introduction

Calendula (Calendula officinalisL.) is one of the most commonly cultivated seasonal flowers. It is also known as
english marigold or pot marigold, belongs to family Asteraceae. It is a free blooming annual with beautiful crowns,
grown for garden decoration and cut flower purpose. The flower is found in diverse colors and used in making
bouquets, garland and vase arrangements. It is a very hardy winter season annual, which is grown extensively in beds,
baskets and boxes. Calendula is also used for their medicinal properties; calendula has anti-inflammatory, anti-septic,
anti-viral anti-bacterial properties and help to boost the immune system. Calendula has been for long a popular
domestic remedy for skin problems ranging for bites and stings to wounds and even various veins[1].

Gibberellic acid (GAs) is a well-recognized plant growth regulator for flower induction in many herbaceous
flower crops.The flower formation of long day or long short day plant can be controlled by regulating the endogenous
level of gibberellins-like substances though the use of such growth retardant. The beneficial effects of GAzand NAA
on growth and flowering has been reported in calendula, marigoldand lily[2-4]respectively. Use of naphthalene acetic
acid (NAA) in calendula successfully induced more concentrated flowering thereby, facilitating, harvesting. Initially
it was thought that this success was due to the role of natural auxins in flowering but now it is known that the NAA
had effect through the stimulation of ethylene production. On the other hand, Cycocel (CCC) is very diverse group of
compound that generally retarded stem elongation by preventing cell division in the sub apical meristem usually
without similarly affecting the apical meristem. These substances modify plant character like height, number and size
of leaves and flowers, branching habits, internodes length,fresh and dry weight and root growth etc. Plant growth
retardants in ornamental plants are applied for limiting stem elongation and produce a more appressed, sturdy potted
and bedding plants with minimum changes in developmental patterns or extorting phytotoxic effects [5, 6]. Keeping
the above facts in mind, the present investigation entitled “Effect of plant growth regulators on growth and flowering
yield of Calendula (Calendula officinalis L.)” was performed under Allahabad climatic conditions to optimize the
appropriate concentration of plant growth regulators for growth, flowering and yield parameters of calendula.
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Materials and Methods

An experiment was under taken at research field, Department of Horticulture, Allahabad school of Agriculture,
SHIATS, Allahabad during kharif season 2015-2016. The plants of calendula is planted at a spacing of 0.30 x 0.30 M
was used for the present investigation.The experimental site is fairly level land with sandy loam soil of uniform
fertility status with low clay and high sand percentage.The treatments consists of different combinations of plant
growth regulators GA; (100,200,300 ppm) NAA (50,100,150,200 ppm), cycocel (250, 500, 750, 1000 and 1250 ppm)
Gap filling, irrigation, mulching, weeding and plant protection measures were carried out as per the requirement of
the crop. The experiment was layout in Randomized Block Design (RBD) with 13 treatments and each treatment
replicated thrice. The experimental data were subjected to statistical analysis in order to find out which of the
treatments showed significant variation in different parameters studied under investigation. The technique of analysis
of variance (ANOVA) for randomized block design (RBD) was adopted [7].

Result and Discussion
Growth parameters

Data indicates that vegetative parameters were significantly influenced by different treatments (Table 1).
Themaximum plant height (38.6 cm) significantly was recorded in treatment T3 (GA;@300ppm), followed by T,
(GA;@100ppm) (34.4 cm). The minimum plant height (23.5) was recorded with the treatment T,, (CCC @750ppm)
respectively. Maximum spread of plant (45.7 cm) was recorded with treatment Tz (GA; @300ppm) followed by T,
(GA; @100ppm) (39.4 cm). The minimum plant spread (27.4cm) was recorded with treatment T,, (CCC @750ppm)
respectively. Maximum number of branches per plant (34.4) was recorded in treatments T3(GAz;@300ppm) followed
by T; (NAA@200ppm) (32.3 cm). The minimum branches per plant (20.7) was recorded with treatment T, (Control)
respectively. Maximum number of leaves per plant (240.7) was recorded in treatments Ts; (GA;@300ppm) followed
by T; (NAA @200ppm) (226.9). The minimum leaves per plant (204.8) was found in treatment T, (Control).Number
of days required for first flower bud emergence from transplanting (56.3 days) was recorded in treatment T; (NAA
@200ppm) followed by treatmentTs (NAA @100ppm) (58.3 days).The results obtained indicated that NAA showed
the increased growth parameters above tested and this might be attributed to the role of NAA in controlling the
growth of stems, root and convert stem into flowers, subsequently it stimulate cambium to divide and in stems cause
secondary xylem to differentiate. NAA is auxins based and hence it act to inhibit the growth of buds lower down the
stems (apical dominance)and also promote lateral root development and growth. The minimum number of days
required for first flower bud (56.3) was founded the treatment T, (NAA@200ppm).The beneficial effect of GA;z on
increased growth parameters might be due to increasing auxinlevel of tissues which probably enhanced the
conversion of tryptophan might through, causes cell division and cell elongation. The similar trend of growth and
flowering parameters was confirmed in calendula, marigold, chrysanthemum and spider lily [8-12].

Table 1Effect of plant growth regulators on vegetative parameters of Calendula (Calendula officinalisL.) cv. Bon

Bon
Treatment/ Combination Plant height  Plant Number of Number of branches
(cm) Spread (cm) leaves per plant per plant
Control (Ty) 24.4 28.4 204.8 20.7
GA; @ 100 ppm (T,) 34.4 39.4 224.9 26.9
GA; @ 200 ppm (Ty) 31.8 34.4 225.1 30.2
GA; @ 300 ppm (Ts) 38.6 45.7 240.7 34.4
NAA@ 50 ppm (Ty) 27.4 325 217.4 24.2
NAA@ 100 ppm (Ts) 28.4 335 218.0 28.1
NAA @ 150 ppm (T¢) 30.0 35.4 221.1 30.2
NAA @ 200 ppm (T;) 32.3 36.4 226.9 32.3
Cycocel @250ppm (Tg) 27.2 29.6 211.6 28.4
Cycocel @500 ppm (Ty) 28.6 32.5 214.3 25.4
Cycocel @750 ppm (T1o) 235 27.4 209.4 235
Cycocel @1000 ppm (T11) 26.6 31.5 209.9 26.3
Cycocel @1250ppm (T1,) 27.3 32.7 216.4 24.5
S. Ed.(%) 0.15 0.18 0.72 0.42
C.D.at5% 0.31 0.38 1.45 0.86
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Yield parameter

The data pertaining to yield parameters under different treatments are presented in Table 2. The yield parameters like
weight of flower (4.7 g) was significantly increased in treatment T; (NAA@200ppm) followed by treatment Tyg
(CCC@750ppm) (4.0 g) respectively. The weight of flower (2.7) was recorded with treatment T, (Control)
respectively. Flower diameter (6.8 cm) was significantly increase in treatment T; (GA;@300ppm) followed by
treatment T, (GA;@100ppm) (6.5 cm). The minimum flower diameter (4.0) was recorded with treatment T,(CCC
@750ppm) respectively. Significantly increase in number of flowers per plant (42.2) was recorded in treatment T,
(NAA @200ppm) followed by treatment Ts (NAA @100ppm) (39.5). Significantly maximum yield of flower per
plant (211.3g) was recorded in treatment T; (NAA @200ppm) followed by treatment Ts (NAA@ 100ppm) (190.69).
The minimum yield of flower per plant (84.2) was recorded with treatment T, (Control) respectively. Significantly
increase in yield of flowers per plot (1056.2g) were recorded in treatment T, (NAA @200ppm) followed by treatment
Ts (NAA@ 100ppm) (952.2 g) per plot. The minimum yield of flower per plot (421.0) was recorded with treatment T,
(Control) respectively. Significantly increase in yield of flowers per hectare (11.7 t) were recorded in treatment T
(NAA @200ppm) followed by treatment Ts (NAA@ 100ppm) (10.6 t) per hectare. The minimum yield of flower per
hectare (4.6 t) was recorded with treatment T, (Control) respectively. The favorable effect of GA; and NAA might be
attributed due to greater amount of carbohydrate accumulation and increased metabolic activities which leads to
initiation of cell division and cell enlargement by promotion of protein synthesis coupled with higher dry matter of
apical dominance.Similar results were also reported in chrysanthemum, marigold, gladiolus, spider lily and rose [11-
16].The economics of experiment is very important as farmer is convinced with specific recommendation through
economic aspect of the research. The cost of cultivation due to different treatments and gross income were calculated
and presented in Table 2. The price of fruit was fixed at the prevailing market rate. Total price per hectare was
depended upon the yield in different treatments. The maximum benefit: cost ratio (1:2.97) was calculated under T
followed by 1:2.70 in Ts. However, the minimum benefit: cost ratio (1:1.12) was observed in T,.

Table 2 Effect of plant growth regulators on flowering and yield of Calendula (Calendula officinalisL.) cv. Bon Bon

Treatment/ No of days Weight of Diameter  No of Yield of Yieldof Flower Benefit

Combination taken for first flower (g) of flower  flowers flower per flower per yield per Cost
bud emergence (cm) per plant  plant (g) plot(g) hectare (t) Ratio

Control (Ty) 70.4 2.7 4.1 20.3 84.2 421.0 4.6 1.17

GA; @ 100 ppm 67.2 3.4 6.5 28.5 123.5 610.3 6.8 1.48

(Tw)

GA; @ 200 ppm 66.3 3.2 6.2 30.7 136.0 680.6 7.6 1.44

(T2)

GA; @ 300 ppm 63.6 3.3 6.8 35.4 177.3 886.3 9.8 1.64

(T3)

NAA@ 50 ppm 68.4 3.9 5.3 25.5 106.1 530.6 5.9 1.50

(Ta)

NAA@ 100 58.3 3.7 5.3 39.5 190.6 952.2 10.6 2.70

ppm (Ts)

NAA @ 150 59.3 3.6 5.4 334 164.2 821.0 9.1 2.31

ppm (T)

NAA @ 200 56.3 4.5 5.6 42.2 211.3 1056.2 11.7 2.97

ppm (T+)

Cycocel 61.5 35 4.1 29.3 130.5 652.7 7.2 1.78

@250ppm (Ts)

Cycocel @500 62.2 3.0 4.4 23.8 98.3 490.9 55 1.32

ppm (Te)

Cycocel @750 60.3 4.0 4.0 21.5 89.4 447.0 5.0 1.16

ppm (T1o)

Cycocel @1000 64.7 29 4.5 24.5 101.3 507.0 5.6 1.26

ppm (T11)

Cycocel 62.5 3.1 4.8 225 91.5 457.3 5.1 1.12

@1250ppm

(T12)

S. Ed.(2) 0.24 0.10 0.10 0.17 0.61 0.41 0.01 -

C.D.at5% 0.49 0.20 0.20 0.34 1.26 0.84 0.03 -
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Conclusion

It is well known that the plant bioregulators play vital role in the production of the bedding flowers like., Calendula,
Portulaca, Pansy etc. The investigation concluded that the application of T; (GA;@300ppm) showed the better growth
over the control as well as other treatments. Maximum flower yield and cost benefit ratio (1:2.97) was recorded in the
treatment T; (NAA @200ppm). Followed by(1:2.70) treatment Ts (NAA@ 100 ppm) and the minimum cost benefit
ratio was recorded in treatment T, (CCC @1250ppm).
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