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ABSTRACT 
 

This investigation was conducted to obtain the effect of plant growth regulator on growth, yield and 
quality. The experiment utilized a randomized block design with three replications and nine 
treatments, including a control. The four different plant growth regulators (PGRs) used were Benzyl 
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adenine (BA, 10 and 20 ppm), Brassinosteroid (BR, 0.5 and 1.0 ppm), Jasmonic acid (JA, 50 and 
100 ppm) and Salicylic acid (SA, 50 and 100 ppm), applied as foliar sprays at 30 and 60 days after 
sowing (DAS). The experiment was conducted during the Rabi season of 2023-24 at the Vegetable 
Research Centre, Maharajpur, Department of Horticulture, College of Agriculture, Jawaharlal Nehru 
Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh. The investigation revealed that BR at 0.5 ppm 
resulted in the maximum plant height (103.67 cm). The highest number of primary (15.53) and 
secondary (26.50) branches at harvest was achieved with JA at 50 ppm. Phenological observations 
indicated that JA at 50 ppm led to the earliest 50% flowering at 36.67 days. For yield attributes, the 
highest number of umbels per plant (42.13) and umbellets per umbel (6.31) were found with JA at 
50 ppm. BA at 20 ppm showed the maximum number of seeds per umbel (36.40), test weight 
(10.84 g), harvest index (9.92), and seed yield (13.65 q ha-1). Economically, BA at 20 ppm provided 
the highest net return (Rs. 170735.81), gross return (Rs. 232117.39), and benefit-cost ratio (2.78). 
Therefore, it can be concluded that foliar sprays of BR, JA, and BA are effective on improving 
phenological traits, yield attributes, and economic returns in coriander cultivation. 
 

 
Keywords: Coriander; PGR’s; growth parameters; seed yield; harvest index and economics. 
 

1. INTRODUCTION 
 
Coriander (Coriandrum sativum L.), a member of 
the apiaceae family, is extensively utilized for its 
medicinal and culinary attributes [1]. The genus 
includes just two recognized species: C. sativum 
L. and C. tordylium (Fenzl) Bornm, commonly 
known as wild coriander. The term "coriandrum" 
originates from Greek, combining "koriannon," 
which refers to a stink bug, and "annon," 
meaning fragrant anise, describing the plant's 
unique odor as it reaches maturity [2]. Having its 
origins in the Mediterranean and Middle Eastern 
regions, this rapidly growing annual herbaceous 
plant is widely cultivated and thrives in South 
America, North Africa, and India [3]. It is a 
slender-stemmed, small bushy herb that 
branches extensively, reaching heights of 90 cm 
with compound umbel as inflorescence, 
furthermore, its leaves are alternate and 
compound, becoming highly segmented and 
linear towards the upper parts [4]. Coriander 
features a lower ovary with mature fruits showing 
five calyx teeth around the stylopodium. These 
teeth vary in length, similar to the petals in outer 
flowers. Each flower in the umbellet has five 
petals; those on the periphery are longer and 
asymmetric, while central flowers have round 
shapes with small inward-curving petals. Petals 
typically range in color from pale pink to white [5]. 
 

Plant growth substances can be divided into two 
main groups: plant hormones and plant growth 
regulators. Plant hormones are organic 
compound synthesized by plants that have 
significant effects on growth and development of 
plants [6]. Plant growth regulators, synthetic 
substances that are as effective or sometimes 
more effective than natural plant hormones, are 

making rapid strides in the pesticide industry. 
These regulators can modify plant shape, 
enhance plant resilience to stress, and control 
different phases of plant growth and 
development [7]. Jasmonic acid (JA) is a type of 
lipid hormone found in plants, belonging to a 
group of fatty acid derivatives with a 
cyclopentanone core structure. It is widely 
distributed in nature and plays a crucial role in 
various plant processes such as seed 
germination, root growth, leaf aging, flowering 
timing, anthocyanin accumulation, trichome 
development, stamen formation, and responses 
to both biotic and abiotic stresses [8-10]. JA is 
synthesized by certain young and mature plant 
tissues and governs how plants react to external 
environmental stresses like drought, extreme 
temperatures, ozone, and ultraviolet radiation 
[11]. Brassinosteroid (BR), an another crucial 
plant growth-promoting hormone, holds promise 
for driving the future of agriculture. BR is a 
steroidal hormone unique to plants, 
characterized by multiple hydroxyl groups, and it 
plays diverse roles in controlling significant 
agricultural characteristics of crops. These 
include influencing plant structure, grain size, leaf 
orientation, plant height, tiller production, seed 
germination, and how plants react to 
environmental factors [12,13]. Benzyl adenine 
(BA) is a type of cytokinin known for its synthetic 
form, which serves as a growth regulator and is 
more potent than natural cytokinins due to its 
notable stability [14]. Additionally, BA extends the 
flowering period, enhances fruit yield, and 
improves fruit quality. As a plant growth 
regulator, BA promotes larger and more uniform 
fruit size, stimulates lateral bud break and shoot 
growth, thereby enhancing branching in fruit 
trees and flowering [15]. BA also delays 
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chlorophyll degradation and fruit aging, reduces 
fruit softening, inhibits ethylene production, 
lowers respiratory rates, and enhances 
mechanical strength, thereby slowing down 
senescence post-harvest [16]. Salicylic acid, 
which is also considered a plant hormone, 
constitutes a group of phenolic substances and is 
a plant growth regulator that creates many 
metabolic and physiological reactions in plants 
and therefore affects plant growth and 
development [17]. The proposed title evaluated 
to achieve the significance of PGR on growth, 
yield and quality as well as to estimate the 
economics of different treatments. This research 
exploits the increase in yield and quality 
attributes with use of different doses of PGR at 
different intervals to know its better impression. 

 
2. MATERIALS AND METHODS 
 
This research examines the effects of foliar-
applied plant growth regulator (PGR) at different 
concentrations on the growth and yield of 
coriander. An experiment was conducted during 
Rabi 2023-24 at the Vegetable Research Centre, 
Maharajpur, Department of Horticulture, College 
of Agriculture, Jawaharlal Nehru Krishi Vishwa 
Vidyalaya, Jabalpur, Madhya Pradesh, India. The 
experimental field had medium black-colored soil 
texture with a uniform consistency, moderate 
levels of nitrogen, phosphorus, and potassium 
(NPK), and effective drainage capacity. The 
treatments were laid out in Randomized Block 
Design (RBD) with 3 replications. The 
experiment comprised of nine treatments viz., 
Benzyl Adenine (10 and 20 ppm), 
Brassinosteroid (0.5 and 10. ppm), Jasmonic 
Acid (50 and 100 ppm), Salicylic Acid (50 and 
100 ppm) and Control (Water spray). The 
number of foliar spraying was conducted two 
times: once at 30 DAS and again at 60 DAS. To 
prepare the land for coriander germination, 
ploughing and harrowing were conducted to 
achieve a finely tilled soil. Ploughing was 
performed twice in orthogonal directions using 
tractor-drawn implements, followed by harrowing 
to break up clods and level the soil surface. Prior 
to sowing, seeds of the coriander variety 
Jawahar Dhaniya-10 obtained from JNKW, 
Jabalpur, were split into halves through rubbing 
and treated with Trichoderma viridae at a rate of 
4 g/kg of seed. These seeds were manually 
sown in rows spaced 30 cm apart using the line 
sowing method in the main field. Thinning was 
carried out at 25 days after sowing (DAS) to 
maintain a plant-to-plant distance of 
approximately 10 cm. A general recommended 

dose of 20 kg N, 40 kg P and 30 kg K as basal 
along with 1 tonne of FYM. Throughout the 
cultivation period, standard coriander farming 
practices were followed diligently. The specified 
amount of PGR was dissolved in 10 mL of 
ethanol and mixed thoroughly until fully 
dissolved, except Benzyl adenine. The dissolved 
PGR solution was then transferred into a 100 mL 
volumetric flask and topped up to the final 
volume of 100 mL with distilled water. To prepare 
the working solution at the desired concentration 
from the stock solution, appropriate dilution was 
performed. The plants were sprayed twice with 
PGRs using a Knapsack battery sprayer to 
ensure thorough coverage of both sides of the 
leaves. The Plant Growth Regulators were 
purchased from Sisco Research Laboratory 
(SRL), India. Stock solution of each PGR was 
prepared at 10-3 M. For a 10-3 M. solution: 
 

1 L = 0.001×Molecular Weight of PGR (g).     
 
The recorded data were tabulated and subjected 
to statistical analysis to determine the superiority 
of treatment means using the critical difference 
(CD) calculated by MS-Excel software. 
 

2.1 Plant Height 
 
The height of five randomly chosen plants from 
each treatment was recorded at physiological 
maturity using a meter scale, measuring from the 
root to the growth tip in centimeters. 
 

2.2 Number of Primary and Secondary 
Branches 

 
The count of primary and secondary branches on 
each plant was recorded at physiological 
maturity. 
 

2.3 Days to 50% Flowering 
 
The number of days from sowing until 50% of the 
flowers have bloomed in the plot. 
 

2.4 Umbels Per Plant 
 
The average number of umbels per plant was 
calculated by counting the umbels on five 
randomly selected plants at physiological 
maturity. 
 

2.5 Umbellets Per Umbel 
 
Five randomly selected umbels from each plant 
were used to count the number of umbellets, and 
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the average count was reported as the number of 
umbellets per umbel. 

 
2.6 Seeds Per Umbel 
 
From each plant, five umbels were randomly 
selected, and the seed count for each umbel was 
recorded. The average number of seeds per 
umbel was then calculated. 

 
2.7 Seed Yield (q ha-1) 
 
Following the harvesting and winnowing, the 
clean seed from each plot was weighed, and the 
weight was noted in grams for each plot. This 
was then translated into q ha¹ for statistical 
purposes. 

 
2.8 Test Weight 
 
During the final winnowing, one thousand 
healthy, clean seeds from each treatment were 
counted. These seeds were weighed using an 
electronic balance, and the weight was recorded 
as the test weight (g). 

 
2.9 Harvest Index 
 
The ratio of seed yield to the biological yield was 
worked out to estimate harvest index and 
expressed in percentage [18]. 

 

𝐻𝑎𝑟𝑣𝑒𝑠𝑡 𝐼𝑛𝑑𝑒𝑥 (%) =
𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑦𝑖𝑒𝑙𝑑

𝐵𝑖𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
× 100 

 
Where; 

 
Economic yield (kg/ha) = produce harvested from 
net plot was threshed for recording seed yield 

 
Biological yield (kg/ha) = weight of the thoroughly 
sun dried harvested produce of each plot was 
recorded before threshing 

 
2.10 B:C Ratio 
 
Economic calculations were based on current 
market rates and prices for inputs and products, 
along with the average yield for each treatment. 
Net return was determined by subtracting the 
cultivation costs from the gross return generated 
by the economic yield. To obtain the benefit-to-
cost (B:C) ratio, the gross monetary return 

(GMR) for each treatment was divided by the 
cultivation cost. 
 

𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝐶𝑜𝑠𝑡 𝑟𝑎𝑡𝑖𝑜 =  
𝐺𝑟𝑜𝑠𝑠 𝑟𝑒𝑡𝑢𝑟𝑛

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑐𝑢𝑙𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛
 

 

3. RESULTS AND DISCUSSION 
 

3.1 Growth Attributes 
 
The foliar-applied PGRs examined significant 
difference between the treatments in the plant 
height at maturity and is rendered in Table 1. 
Interpretation of result revealed that PGRs 
influence the vegetative development of 
coriander. Among different treatments, T3 (BR@ 
0.5ppm) resulted in maximum plant height 
(103.67 cm) which was at par with T6 (JA@ 
50ppm) with height (99.53 cm). The minimum 
plant height (81.87cm) was reported in T9 
(Control). The growth enhancement in plants 
may be attributed to increased cell division and 
elongation, which result from the heightened 
metabolic activity facilitated by BRs [19]. 
Correspondence to current results were reported 
by Xu et al. [20] in coriander, where BR at 0.5 
5mg L-1 increased plant height by 17.45%, which 
was comparable to BR at 1.0 5mg L-1, resulting 
in a 14.56% increase. The findings in alignment 
to current study was also observed by Balba et 
al. [21] in fenugreek, Kuri et al. [22] in coriander, 
Rai et al. [23] in coriander and Sridhara et. al. 
[24] in tomato increment in plant height due to 
BR application. 
 

The analyzed data of number of primary and 
secondary branches revealed that JA@ 50ppm 
resulted in maximum (15.53 and 26.50) at 
harvest, respectively followed by 100 ppm JA 
(14.73) and (25.90), however lowest values were 
reported in SA@ 100ppm in primary and 
secondary branches with 13.80 and 23.33 
respectively. Jasmonic acid (JA) contributes to 
higher concentrations of potassium (K) and 
nitrogen (N), essential for strengthening cells and 
regulating carbon metabolism. This enhances the 
plant's water retention capacity, leading to an 
increase in cell numbers and subsequently, a 
higher rate of branch formation per plant [25]. 
Correspondingly, Arpitha et al. [26] in Black 
Cumin demonstrated the maximum (5.43) 
primary branches with foliar application of JA@ 
100ppm on Pant Krishna variety. The findings 
adherence to result was found in Rahimi et al. 
[27] in cumin and Awang et al. [28] in chilli. 
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Table 1. Effect of foliar-applied Plant Growth Regulators on Growth and phenological 
parameters 

 

Treatments Plant height (cm) 
at maturity 

Primary 
branches 
per plant at 
maturity 

Secondary 
branches 
per plant at 
maturity 

Days to 50% 
flowering 

T1 Benzyl Adenine (10 ppm) 95.87 14.60 24.29 41.67 
T2 Benzyl Adenine (20 ppm) 94.13 14.33 25.09 43.33 
T3 Brassinosteroid (0.5 ppm) 103.67 14.60 25.56 41.00 
T4 Brassinosteroid (1.0 ppm) 95.60 14.53 25.37 42.33 
T5 Jasmonic Acid (50 ppm) 99.53 15.53 26.50 32.33 
T6 Jasmonic Acid (100 ppm) 98.17 14.73 25.73 36.67 
T7 Salicylic Acid (50 ppm) 90.67 13.87 25.90 39.67 
T8 Salicylic Acid (100 ppm) 94.80 13.80 23.33 43.00 
T9 Control 81.87 13.77 22.49 46.00 

S.E.(m) ± 4.13 0.49 0.60 0.82 
C.D.(p=0.05) 12.40 1.48 1.81 2.46 
CV 7.54 5.94 4.19 4.23 

 
Table 2. Effect of foliar-applied Plant Growth Regulators on Seed Yield, its attributing 

characters, test weight and harvest index 
 

Treatments Umbels 
per plant 

Umbellets 
per Umbel 

Seeds 
per 
umbel 

Seed 
Yield 
(q/ha) 

Test 
Weight 
(g) 

Harvest 
Index 

T1 Benzyl Adenine (10 ppm) 35.20 5.68 35.16 12.27 9.78 9.92 
T2 Benzyl Adenine (20 ppm) 34.33 5.79 36.40 13.65 10.84 10.84 
T3 Brassinosteroid (0.5 ppm) 33.73 5.77 31.67 12.04 9.55 8.98 
T4 Brassinosteroid (1.0 ppm) 35.67 5.83 34.69 10.32 8.78 8.78 
T5 Jasmonic Acid (50 ppm) 42.13 6.31 35.89 11.99 9.50 8.64 
T6 Jasmonic Acid (100 ppm) 38.47 6.01 32.31 10.48 9.11 8.97 
T7 Salicylic Acid (50 ppm) 37.27 5.69 34.62 10.88 8.43 8.43 
T8 Salicylic Acid (100 ppm) 37.67 5.76 34.21 10.89 8.55 8.55 
T9 Control 29.80 5.31 30.63 9.22 7.65 7.65 

S.E.(m) ± 1.69 0.21 1.27 0.58 0.38 0.43 
C.D.(p=0.05) 5.07 0.63 3.83 1.74 1.16 1.31 
CV 8.13 6.30 6.52 9.20 7.36 8.47 

 
The days to 50% flowering for JA@50 ppm and 
100 ppm treatments indicate earliness of 
flowering at 32.33 and 36.67 days, respectively. 
In comparison to other treatments, except                  
for the control, the 100 ppm SA treatment              
shows a delay in reaching 50% flowering, taking 
43.00 days. Jasmonic acid (JA) and its 
derivatives play significant roles as regulators of 
plant growth and responses to stress,        
influencing various developmental processes 
such as callus growth, seed germination, 
flowering, primary root growth, and senescence 
[29]. The studies in accordance with result was 
recorded in Hatakeyama et. al. [30] in Brassica 
rapa and Niwa et al. [31] in tomato. Conversely, 
Arpitha et al. [26] in black cumin and 
Lalnunzawama et al. [32] in strawberry        
reported. 

3.2 Yield and Yield Attributes 
 

The data analysis of foliar-applied PGRs 
indicates the significant increment in yield and 
yield-promoting attributes of coriander in Table 2. 
It reveals that the increase in umbels per plant 
was attained by Spray of 50 ppm JA (42.13) 
followed by 100 ppm JA (38.47) over control. 
Plants exhibit physiological responses to 
jasmonates, with varying effects on fruits 
observed at different concentrations of 
exogenously applied jasmonates. Comparable 
findings have been reported regarding the 
external application of jasmonic acid in coriander 
(El-Gamal et al. [33]), in black cumin (Arpitha et 
al. [26]) and in chilli (Awang et al. [28]). 
Conversely, Rahimi et al. [27] in cumin reported 
non-significant difference. 
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Fig. 1. Heat map for mean economic parameters 
 
The manifested findings found maximum number 
of umbellets per umbel in treatment T6 (50 ppm 
JA) which is at par with T7 (100 ppm JA), with 
6.31 and 6.01 respectively. The minimum 
number of umbellets per umbel (5.31) was 
recorded in treatment T9 (Control). Several 
biological stimulants like JA, SA, PBZ, and others 
have been demonstrated to enhance plant 
growth and yield when applied externally. 
Additionally, they aid plants in tolerating 
unfavorable abiotic conditions by improving their 
resilience to environmental stresses [34-36]. 
Adherent to current findings, Noori et al. [37] 
reported in cumin the highest number of 
umbellets in 60µmol/L of JA application (3.53 per 
umbel). 
 
The utmost number of seeds per umbel is 
reported in T2 (BA@ 20ppm) which was at par 
with T6 (JA@ 50ppm) and T1 (BA@ 10ppm), 
with 36.40, 35.89 and 35.16 respectively. The 
fewest seeds per umbel (30.63) is reported in T9 
(Control). The study reported by Kumar et al. [38] 
in black pepper, Kusuma et al. [39] in fennel and 
Nayak et al. [40] in ginger is in harmonization 
with the present research.  
 
On comprehending the experimental data, the 
maximum test weight of seed was observed in 
T2 i.e. (BA@ 20ppm) which was at par with T1 
(BA@ 10ppm) and T3(BR@ 0.5ppm) with 
10.84g, 9.78g and 9.55g respectively. The 

minimum test weight (7.65g) was observed in the 
control. It has been demonstrated that BA 
enhances plant growth and development, as well 
as promoting blossom setting [41]. The results of 
this investigation align with the findings of Kumar 
et al. [38] in black pepper, Aminifard et al. [42] in 
coriander and Ren et al. [43] in maize. 
 
The significant variation in harvest index reported 
the highest (10.84) in treatment T2 (BA@ 
20ppm) followed by T1 (BA@ 10ppm) with 9.92, 
and the lowest (7.65) was obtained in treatment 
T9 (Control). BA slows down the aging of leaves, 
extending their photosynthetic activity, which 
boosts biomass production and enhances 
potential grain yield. Adherent results were 
reported by Kusuma et al. [39] in Fennel. 
Conversely, Menaria and Maliwal, [44] in fennel 
found the non-significant effect of BA. 
 
The highest seed yield (13.65 q ha-1) was 
obtained in treatment T2 (BA@ 20ppm) which is 
at par with 12.27 q ha-1 T1 (BA@ 10ppm) and 
12.04 q ha-1 T3 (BR@ 0.5ppm) which is 
increased by 32.45%, 24.85% and 23.42%. The 
lowest seed yield (9.22 q ha-1) is registered in 
treatment T9 (Control). These results can be 
attributed to the stimulating effects of CK on cell 
division, regulation of biochemical processes, 
vegetative development, and plant components, 
all of which can influence fruit production and 
yield. Correspondingly, Kusuma et al. [39] in 
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Fennel, Hassan [45] in Coriander and Mohamed 
et al. [46] in Broccoli reported the finding which 
align with studies. 
 

3.3 Economics  
 
The study emphasized notable economic 
advantages of using PGRs in coriander 
cultivation. The highest net return (Rs. 
170,735.81) and gross return (Rs. 232,117.39) 
were achieved with a foliar spray of BA at 20 
ppm, which also resulted in an increased B:C 
ratio of 2.78 for this PGR application. Benzyl 
adenine (BA) is a synthetic plant growth regulator 
categorized as a cytokinin phytohormone, 
recognized for elevating cytokinin levels in plants 
[43]. The results of the present investigation 
dovetail with Singh [47] in fenugreek and 
Jayashree [48] in Asiatic lily.  
 

4.CONCLUSION 
 
The findings of the current study reveal that foliar 
application of plant growth regulators (PGRs) 
significantly affects a range of treatment 
outcomes. The foliar spray of 0.5ppm 
Brassinosteroid showed the highest plant height 
and 50ppm Jasmonic acid promoted the 
maximum number of primary, secondary 
branches and reduces the days to 50% 
flowering, compare to other treatments. Among 
different treatments, the varying effects are noted 
in yield attributes. 50ppm Jasmonic acid treated 
plot obtained the highest number of umbels per 
plant and umbellets per umbel whereas 20ppm 
Benzyl adenine boost the seeds per umbel, test 
weight, harvest index and seed yield. From an 
economic perspective, the application of 20 ppm 
BA yielded the highest net return, gross return 
and B:C ratio. The exceptional performance of 20 
ppm BA is due to its notable influence on yield 
components, leading to greater economic 
benefits.  
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