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ABSTRACT

The beneficial biological effects of coffee in the human body are attributed to its bioactive compounds, such as 5-CQA
and caffeine. This study aimed to quantify caffeine and 5-CQA levels in seven different types of commercially available
roasted coffees with varying intensities: Ristretto Espresso, Viola Espresso, Classico Espresso, Espresso Intense,
Forte Lungo, Milano Dolce Gusto, and Decaffeinated Espresso, which are popular in Europe and globally. Three
methods were used to prepare coffee extracts: (1) heat refluxing with 40 mL of 60% methanol followed by a 20-fold
dilution, (2) hot water extraction (50 mL) using a coffee machine, then diluted to 1000 mL, and (3) hot water extraction
(300 mL) with a coffee machine, followed by dilution to 1000 mL. Caffeine and 5-CQA levels were measured using
an HPLC-PDA system with an InertSustain Phenyl column, following an isocratic procedure (mobile phase: 7%
acetonitrile + 93% water with 0.1% phosphoric acid) at wavelengths of 275 nm and 325 nm for caffeine and 5-CQA,
respectively. Methanolic extraction produced higher concentrations of caffeine and 5-CQA than water extraction
methods, as these compounds dissolve more readily in methanol. 5-CQA content was the highest (p<0.05) in
Decaffeinated Espresso, based on methods 1 (6.32 £ 0.12 mg/g) and 3 (5.70 £ 0.05 mg/g). In method 2, 5-CQA contents
in both Decaffeinated Espresso (5.20 + 0.06 mg/g) and Classico Espresso (5.02+0.05 mg/g) were significantly higher
than others. In all extracts, the highest caffeine level was in Milano Dolce Gusto. Caffeine levels in Milano Dolce
Gusto across methods 1-3 were 19.1 + 0.23 mg/g, 14.6 + 0.1 mg/g, and 18.5 = 0.17 mg/g, respectively. Based on the
caffeine-to-5-CQA ratios observed in methanolic extracts of the seven coffee types (ranging from 0.12 + 0.00 to 4.69
+ 0.05), we recommend that the Decaffeinated Espresso, which had the lowest ratio, is the most health-beneficial
coffee tested in this study.

Keywords: 5-CQA, Caffeine, Coffee, Espresso, Extraction, HPLC

are the most important phenolic compounds of interest
in coffee infusions, owing to the reported health

Coffee is one of the most consumed beverages benefits (Jeon et al., 2019, Rojas-Gonzalez et al.,
globally, with an annual consumption of above 500 2022).

billion cups (Jeon et al., 2019). People are interested in
daily coffee consumption because of the enormous
health benefits associated with regular coffee
consumption.  These health  benefits include
psychoactive response, therapeutic effects on
neurological and metabolic disorders, and liver
functions (Jeon et al., 2019). The most widely
consumed coffee varieties are Coffea arabica, and
Coffea canephora var. robusta (Ludwig et al., 2014).
Amongst them, Arabica coffee brew generates superior
cup quality and aroma. In contrast, robusta coffee brew

Introduction

Among more than 300 chlorogenic acid isomers
recognized, 5-O-caffeoylquinic acid (5-CQA) is the
most abundant in plant sources, which exhibits strong
antioxidant, antibacterial, and anti-inflammatory
effects (Chandimala and Ajtony, 2025). The literature
reveals that 5-CQA can prevent cancer, diabetes, and
cardiovascular diseases (Bhandarkar et al., 2019;
Zhang et al., 2024). For therapeutic benefits, daily
intake recommendations range from 13.5 mg to 1200
mg (Budryn et al., 2013). A significant dietary intake

generates a harsher and stronger flavor due to the high
contents of caffeine and other phenolic compounds
(Ludwig et al., 2014). Chlorogenic acids and caffeine

of 5-CQA is closely linked to coffee consumption. In
coffee beans, 5-CQA is a reason for the astringent,
sweet, or sour tastes that change with the concentration
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or duration of the brewing (lzawa et al., 2010). In
regular coffee drinks, 2-7 mg/g of total chlorogenic
acids is present, while in decaffeinated coffee drinks, it
is 0.8-6.2 mg/g (Lu et al., 2020). In green coffee beans,
76-84% of 5-CQA is found on a dry basis, although
there is a lack of information about 5-CQA
concentration in roasted coffee types. However, during
the coffee roasting process, phenolic compounds such
as 5-CQA undergo a series of reactions and
interactions, leading to a lowered content of 5-CQA
after the roasting step. Therefore, lower levels of 5-
CQA have been reported in dark roasted coffee
compared to lightly roasted coffee, as in the literature
(Rojas-Gonzalez et al., 2022). The caffeine content in
an instant coffee cup varies from 50 to 100 mg, while a
freshly brewed coffee cup may contain even higher
levels, such as 325 mg (Ludwig et al., 2014).

Nevertheless, considering the limited availability of
literature on caffeine and 5-CQA concentrations in
commercially available roasted coffee brews, this study
was designed to analyze these concentrations in the
seven most popular coffee types in Europe, as well as
among the global community. Two water extraction
methods were followed in this experiment to make the
findings more practical and closer to general
applications. Additionally, caffeine and 5-CQA
concentrations in the same samples were evaluated
using a well-established methanolic extraction
procedure. Being one of the most used sources to
improve the antioxidant activity of foods, caffeine and
5-CQA concentrations found in commercial roasted
coffee samples will be an important finding for future
functional food-based studies.

MATERIALS AND METHODS
Materials and instruments

Commercial coffee samples used for the measurements
were purchased from the Tesco supermarket chain in
Hungary (Table 1). The analytical standard caffeine
and 5-CQA (purity > 95%) were purchased from Merck
Science Life Ltd. (Budapest, Hungary). For
extractions, Ultra-pure water was obtained from an
ultra-pure water system (Milli Q-SQ 2 series,
Germany), and absolute methanol was purchased from
VWR chemicals (France). A home-scale coffee grinder
(Imetec FrescoAroma, China) was used to make coffee
infusions. The instrumental analysis of caffeine and 5-
CQA was performed using an HPLC-PDA system
(Jasco, Japan) equipped with a 4-line degasser (Jasco
DG-2080-54), HPLC pump (Jasco PU-980), ternary

gradient unit (Jasco LG-980-02), autosampler (Jasco
AS-2055), and a column thermostat (Phenomenex TS-
130) maintained at 35°C. For mobile phase preparation,
acetonitrile of HPLC grade (Fisher Scientific, UK) and
ortho-phosphoric acid of analytical grade (Lachner,
Hungary) were used. ChromNAV software (Jasco,
Japan) was used for data acquisition. Methods of
statistical analyses used should be mentioned where
relevant.

Methodology
Preparation of roasted coffee extracts

Roasted coffee samples of seven different types (Table
1) were used to analyze caffeine and 5-CQA. The
extraction was performed using three solvent
extraction procedures, applying three replicates for
each. 1) A roasted coffee sample of 0.25 g was mixed
in 40 mL of 60% methanol in a graduated flask. Mixing
was facilitated by keeping it in an ultrasonic sand bath
(Tesla Teson 1, Czechoslovakia). The mixture was heat
refluxed at boiling temperature for 20 minutes and
diluted 20 times, 2) A coffee capsule was extracted into
50 mL of boiling water using a coffee machine and
diluted to 1000 mL, 3) a coffee capsule was extracted
into 300 mL of boiling water using a coffee machine
and diluted to 1000 mL. All the roasted coffee extracts
were filtered into 1.5 mL vials using a syringe with a
0.22 pm hydrophilic filter for HPLC analysis.

Table 1: Types of commercial coffee used for the analysis of caffeine
and 5-CQA concentrations

Sample # Type of Coffee Strength/Intensity

1 Ristretto Espresso 10/12
2 Viola Espresso 9/12
3 Classico Espresso 4/12
4 Espresso Intense 10/12
5 Forte Lungo 10/12
6 Milano Doce Gusto 8/12
7 Decaffeinated Espresso 6/12

Preparation of 5-CQA and caffeine standards

The stock solution of 5-CQA (1mg/mL) was prepared
by dissolving 50.0mg of 5-CQA in 50 mL of ethanol.
Similarly, the caffeine stock solution (1mg/mL) was
prepared by dissolving 50.0mg of caffeine in 50 mL of
methanol. Working standard solutions ranging from 0-
100pg/mL  and 0-50pug/mL  concentrations for
developing 5-CQA and caffeine calibration curves,
respectively, were prepared by diluting the above stock
solutions with ultra-purified water.

Published by University of Colombo Institute for Agro-Technology and Rural Sciences 2
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HPLC Analysis of 5-CQA and Caffeine in Coffee
Extracts (Isocratic Method)

The instrumental analysis and data acquisition were
performed using an HPLC-PDA system assisted with
ChromeNAV software, as described above. Following
an isocratic procedure, separation was achieved using
an InterSustain Phenyl column with 5 pm pore Size,
3mm diameter, and 150 mm length. The mobile phase
comprised 7% acetonitrile with 93% water containing
0.1% phosphoric acid. The flow rate and injection
volume were maintained at 1.2 mL/min and 10 pL,
respectively. The wavelength was set at 275 nm and
325 nm to monitor the chromatographic profile of
caffeine and 5-CQA, respectively. All measurements
were done in triplicate. The accuracy was tested by the
recovery method. The percent recoveries of the two
water extraction methods were calculated based on the
methanolic extraction method in triplicate and were
expressed as % recovery rates. All data were presented
as the mean * standard deviation of triplicate analyses.
Minitab 19 statistical software was used for the analysis
of variance (ANOVA) at a 95 % confidence level to
determine the significance of differences. Pairwise
comparisons were performed using Tukey's HSD test.

RESULTS AND DISCUSSION
Caffeine and 5-CQA Standard Curves

Calibration curves were prepared to quantify the
amount of caffeine and 5-CQA in the coffee extracts,
using the InterSustain Phenyl HPLC column. Retention
times for the standard caffeine (at 275 nm wavelength)
and 5-CQA (at 325 nm wavelength) in the HPLC
analysis were 9.5 minutes and 5.8 minutes,
respectively. The regression equations for caffeine (y =
38153x) and 5-CQA (y = 37989x) demonstrated good
linearity between concentration and peak area within 0-
100 pg/mL and 0-50 pg/mL, for 5-CQA and caffeine,
respectively. The high correlation coefficient values
(Reaffeine = 0.999, Rs.coa = 0.999) denote an excellent
correlation between both caffeine and 5-CQA standard
concentrations and peak area. Similarly, the R? values
were higher than 0.999 for both standards,
demonstrating that the regression models fit the
observed data satisfactorily. Therefore, the models can
be successfully used in determining the caffeine and 5-
CQA concentrations in the coffee extracts.

HPLC Analysis of 5-CQA and Caffeine in Coffee
Extracts

Tables 2, 3, and 4 summarize the caffeine and 5-CQA
concentrations found in 1 g of coffee, depending on the
three extraction methods described above, respectively.
All tested extraction methods recorded the highest
caffeine concentration in Milano Dolce Gusto, and the
values were significantly higher (p < 0.05) than those
of all other coffee types. Methods 1-3 vyielded
19.10+0.23 mg/g, 14.6+0.11 mg/g, and 18.5+0.17 mg/g
of caffeine, respectively. Based on methods 1
(6.32+£0.12 mg/g) and 3 (5.70+0.05 mg/g), the highest
5-CQA concentration was observed in Decaffeinated
Espresso, which was significantly higher (p < 0.05)
than that of all other espresso types. According to
Method 2, the highest 5-CQA vyield (5.20+0.06 mg/g)
was observed in Decaffeinated Espresso, which was
statistically similar (p > 0.05) to Classico Espresso
(5.02+0.05 mg/qg).

Table 2: Caffeine and 5-CQA concentrations in commercial roasted
coffee extracted with 40 mL of 60% (v/v) methanol-method 1

Type of C cafreine (MQ/Q) C s.coa(My/g)

Coffee
1 13.1+0.23° 2.9620.64
2 13.3+0.23° 4.04%0.12¢
3 13.00.12° 5.83+0.12°
4 14.2+0.12° 3.60+0.63¢
5 12.1+0.19¢ 5.98+0.13°
6 19.1+0.23* 4.81+0.12¢
7 0.75+0.05¢ 6.32+0.12°

Values represent meanzstandard error. Means followed by the same
superscripts in the same column are not significantly different at a
0.05 probability level according to Tukey’s HSD test.

Table 3: Caffeine and 5-CQA concentrations in commercial roasted
coffee extracted with water (50 mL extract diluted to 1000 mL)-
method 2

Type C caffeine Recovery ~ Cscon  Recovery
of (mg/ g) caffeine %0 (mg/ g) 5-cQa%0
Coffee

1 11.3+0.12¢  86.3+1.71 2.41+0.05° 81.2+1.72

2 12.0+¢0.12° 90.3+1.64 3.56+0.05° 88.2+1.28
3 11.5+#0.11° 88.5#1.35 5.02+0.05* 86.0+1.70
4 11.4+0.11%  80.1+1.05 2.79+0.00° 77.5+1.71
5 10.2+40.18°  84.2+1.82 4.88+0.05° 81.5+1.64
6 14.6+0.11* 76.5#1.81 3.57+0.05° 74.4%+1.92

7 0.68+0.00°  90.0+1.81 5.20+0.06° 82.4+1.90
Values represent meanzstandard error. Means followed by the same
superscripts in the same column are not significantly different at a
0.05 probability level according to Tukey’s HSD test.
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Table 4: Caffeine and 5-CQA concentrations in commercial roasted
coffee extracted with water (300mL extract diluted to 1000 mL)-
method 3

Type C caffeine Recovery Cscoa Recovery
of (mg/g) caffeine%0 (mg/g) 5'CQA%
Coffee

1 12.5+0.05° 95.6+1.57 2.75+0.05" 92.8+1.81
12.7+0.06° 96.1+1.51 3.72+0.01% 92.1+1.99
12.1+0.05" 93.6+1.00 5.29+0.05° 90.7+1.75
13.3+0.11° 93.7+1.05 3.29+0.01° 91.6+1.89
11.2+0.05° 92.3+1.40 5.39+0.05" 90.1+1.47
18.5£0.17%¢  97.3£1.57 4.57+0.05° 95.0+2.30
0.74+0.00°  98.3+2.10 5.70+0.05° 90.1+1.70

Values represent meanzstandard error. Means followed by the same
superscripts in the same column are not significantly different at a
0.05 probability level according to Tukey’s HSD test.

~N o ok 0N

With methanolic extraction, an average of 14.13 mg/g
of caffeine was extracted from the tested espresso types
(1-6), while only 11.83 mg/g and 13.38 mg/g were
obtained with the two water extraction methods,
respectively. In Decaffeinated Espresso, the caffeine
concentration was 0.75 + 0.05 mg/g with methanolic
extraction, whereas it was 0.68 £ 0.00 mg/g and 0.74
0.00 mg/g with the two water extraction methods,
respectively. Similarly, with methanolic extraction, an
average of 4.53 mg/g of 5-CQA was extracted from the
tested espresso types (1-6), while only 3.71 mg/g and
4.16 mg/g were obtained with the two water extraction
methods, respectively. In Decaffeinated Espresso, the
5-CQA concentration was 6.32+0.12 mg/g with
methanolic extraction, whereas it was 5.20+0.06 mg/g
and 5.70+£0.05 mg/g with the two water extraction
methods, respectively. However, hot water extraction
has reduced the 5-CQA vyields more significantly
compared to caffeine yields, likely due to the
considerably lower solubility of 5-CQA in water
compared to caffeine (Jeon et al., 2019).

The highest concentrations of both caffeine and 5-CQA
were found in the methanolic extraction due to the
greater solubility of caffeine and 5-CQA in organic
solvents compared to water (Rojas-Gonzalez et al.,
2022). The recovery rates of caffeine and 5-CQA with
hot water extraction methods were compared to those
of the methanolic extraction. The recovery rates of
caffeine with hot water extraction methods ranged from
77-90% (method 2) and 92-98% (method 3), relative to
the methanoalic extraction. Similarly, the recovery rates
of 5-CQA with hot water extraction methods were 74-
88% (method 2) and 90-95% (method 3). Therefore, we

recommend that coffee infusions prepared with 300 mL
of hot water can extract more caffeine and 5-CQA than
infusions prepared with 30 or 50 mL of hot water.

According to the literature, roasting directly affects the
caffeine: 5-CQA ratio in coffee, as the 5-CQA content
is significantly decreased while caffeine is not
substantially reduced with roasting. In addition, the
most beneficial types of coffee in terms of health
aspects are the ones with a lower caffeine-to-5-CQA
ratio. Because it indicates a higher concentration of the
beneficial chlorogenic acids relative to the potentially
negative effects of high caffeine intake. (Jeon et al.,
2019). For instance, although moderate caffeine
consumption is considered beneficial to health,
excessive consumption can cause anxiety, sleep
disturbances and  potentially  increase  the
cardiovascular risks. As chlorogenic acids are linked to
promoted antioxidant, anti-inflammatory effects, lower
caffeine-to-5-CQA ratios are considered healthier
(Tfouni et al., 2014). In the present study, caffeine-to-
5-CQA ratios recorded in the tested coffee types (1-7)
according to the methanolic extraction are 4.42+0.05,
3.28+0.00, 2.22+0.01, 3.96+0.04, 2.02+0.00,
3.97%0.00, and 0.12+0.00 (Figure 1). Based on that, we
can recommend that the most health-beneficial coffee
sample tested in this study is the Decaffeinated
Espresso.

7 W 012

6 3.97°

5 2.024

4 3.96°

3 2.22d

2 3.28¢

1 4.422

0.00 1.00 2.00 3.00 4.00 5.00

Figure 1. Caffeine-to-5-CQA ratios in commercial roasted coffee
types (1: Ristretto Espresso, 2: Viola espresso, 3: Classico Espresso,
4: Espresso Intense, 5: Forte Lungo, 6: Milano Dolce Gusto, 7:
Decaffeinated Espresso) *! (Values followed by the same letter are
not significantly different at a 95 % confidence level according to
Tukey’s HSD test. Letters are assigned from a to e in descending
order of the ratios.)
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CONCLUSIONS

This study was conducted to evaluate the levels of
caffeine and 5-CQA in various types of commercially
available roasted coffee. The results indicated that
methanolic extraction yielded higher amounts of both
caffeine and 5-CQA due to the enhanced solubility of
the tested compounds in organic solvents compared to
water. Furthermore, the study found that using 300 mL
of hot water produces more caffeine and 5-CQA vyields
than using 50 mL of hot water when preparing coffee
infusions with a coffee machine. Based on the
methanolic extraction results, the highest concentration
of 5-CQA was found in Decaffeinated Espresso
(6.32+£0.12 mg/g), followed closely by Forte Lungo
Espresso (5.98+0.13 mg/g). The highest caffeine
concentration was recorded in Milano Dolce Gusto
(19.1+0.23 mg/g). However, based on the caffeine-to-
5-CQA ratios, Decaffeinated Espresso, which had the
lowest ratio (0.12+0.00), was found to be healthier.
Although the caffeine content is provided on
commercial coffee product labels, the 5-CQA content
is not indicated. When the caffeine content
significantly exceeds the 5-CQA content, it diminishes
the potential health benefits of a particular coffee
product. Therefore, the findings of this study offer
valuable information about the most consumed coffee
types, which are beneficial for both coffee consumers
and food scientists.
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ABSTRACT

The study evaluated twenty-five marigolds (Tagetes spp.) accessions in Sri Lanka, identifying them taxonomically as
T. erecta (African marigolds). Despite its increasing demand in Sri Lanka, there has been limited scientific assessment
of the floral morphological variation in locally available marigold accessions, which is essential for guiding breeding,
landscaping, and commercial applications. Marigold accessions were collected from various locations in Sri Lanka
and cultivated at the Faculty of Agriculture, University of Ruhuna, Sri Lanka. All together ten traits were considered
for the analysis including plant architecture, petal colour, flower diameter measurement, and morphological
classification of disc and ray florets; Flowers were categorized into single, semi-double, double, and anemone types
based on ray and disc floret arrangements. The accessions displayed a diverse range of flower colours, including
ranges of colours in yellow and orange. Flowers were classified into three size categories: small (<3.9 cm), medium
(3.9-4.9 cm), and large (=5 cm). Single-type flowers were observed in accessions 2, 8, 15, and 22, while semi-double
appeared in accessions 1, 2, 3, 4, 11, 13, 18, 23, and 24. Accession 6 was double type and accessions 5, 6, 7, 10, 14,
17, and 21 were anemone-type flowers (featured prominent disc florets in all colour ranges). The floral trimorphism
was recorded in accessions 22 and 24. Principal Component Analysis (PCA) revealed that the first three principal
components accounted for 73.38% of the total phenotypic variation. PCA results showed that variation among
marigold accessions was primarily influenced by traits related to floral productivity, and branching (PC1), as well as
flower size and structure (PC2), highlighting their value as key descriptors for genetic diversity assessment and
breeding selection. Hierarchical clustering using Ward’s method grouped the 25 flower accessions into three distinct
clusters, reflecting clear phenotypic differentiation based on the evaluated morphological traits. The constructed key
can be utilized to distinguish studied marigold accessions in future. This floral diversity supports the development of
cultivars suited to consumer preferences. Single and semi-double types can be promoted for biodiversity conservation
and ecological sustainability, attracting pollinators in agroecosystems since they have a lot of disc florets for seed
production. Meanwhile, double and anemone types can be commercially propagated for premium floriculture markets,
enhancing economic value since they have attractive appearance.

Keywords: Marigold, Anemone, Double, Semi-double, Single flowers

Introduction

Tagetes, commonly called Marigolds, is a genus of
nearly 50 species of herbaceous, flowering plants with
a shrubby growth habit in the Asteraceae family.
Native to Central and South America, the name
marigold is derived from the contraction of Mary's
gold, referencing its association with the Virgin Mary
in Christianity and the golden colour of the flowers
(Ward & Graha, 2023). In recent years, it has become
increasingly popular as an ornamental garden plant,
and many cultivars are available globally, differing in
flower colour, size, and height (Heuzé et al., 2017).
Marigold plants are used for a variety of purposes,
including beverage and sauce production, ornamentals
use, and medicinal applications such as antiseptics,

analgesics, vermin repellents, carminatives, diuretics,
antispasmodics, stimulants, and treatment of
gastrointestinal disorders (Singh et al., 2016).

The genus Tagetes includes approximately 40 to 60
species of flowering plants, among which the African
marigold (T. erecta L.) and French marigold (T. patula
L.) are the most commercially significant. T. erecta is
a tall, diploid species (2n = 2x = 24) that produces
large, showy flowers and is widely used in landscape
gardening and ceremonial decorations. In contrast, T.
patula is a tetraploid (2n = 4x = 48) dwarf variety with
compact growth and smaller flowers, often preferred
for pot culture and borders. Another species, T. minuta
(wild marigold), is valued for its high essential oil
content (Gupta et al., 2022; Bhusaraddi et al., 2022)
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The genus Tagetes includes approximately 40-60
species, African marigold (Tagetes erecta L.) and
French marigold (Tagetes patula L.) are of
commercial importance, while Tagetes minuta (wild
marigold) is rich in essential oils (Gupta et al., 2022).

The marigold flowers, which are orange, yellow, and
reddish-yellow (red), contain various pigments that
can differ based on their source and soil type
(Harlapur, 2021). Carotenoids are the primary
pigments found in marigold flowers, and the variations
in carotene (orange pigments) and xanthophyll
(yellow pigments) levels among different genotypes
play a significant role in the diversity of their flower
colours (Zhang et al., 2020).

A previous study on African Marigolds revealed that
the high heritability and low genetic gain for flowering
duration and flower diameter suggest environmental
factors rather than genetic ones primarily influence
these traits. This indicates non-additive gene action,
suggesting that environmental factors, too, play a
crucial role in the morphology and physiology of the
marigolds (Pal & Kumar, 2010).

Marigold has become popular because it rapidly
produces marketable flowers and comes in a wide
range of attractive colours, shapes, and sizes, along
with good keeping quality. It holds a significant
position in ornamental horticulture and is one of the
world's most commercially valuable flower crops.

Understanding variability, genetic advancement, and
heritability is crucial for supporting marigold breeding
programs. Estimating the genetic coefficient of
variation reveals the extent of genetic variation for
various desirable traits. Genetic variability in breeding
materials is vital for enhancing crop plants. This
information aids in identifying suitable parental lines
for breeding programs. Therefore, to make selection
and improvement efforts effective, it is important to
analyze and categorize the total variability in
germplasm  into  genetic, phenotypic, and
environmental components. This approach allows
breeders to implement appropriate breeding strategies.

The diversity of marigold species adds to its beauty,
ecological importance, and commercial potential in
several ways. From an aesthetic standpoint, the array
of marigold colours, ranging from bright yellows and
oranges to reds and bi-coloured options, along with
different flower shapes and sizes, creates a lively
visual experience in gardens, landscapes, and floral
displays. This variety also ensures that marigolds

bloom continuously throughout the growing season,
providing ongoing colour and texture (SL Flora,
2014).

Ecologically, marigolds are vital for attracting
pollinators like bees and butterflies, and some species
release natural substances that help repel pests,
including soil-borne nematodes, which support
healthier ecosystems. The diversity of marigolds also
enhances soil health by improving pest management
and decreasing the reliance on chemical pesticides. In
commercial terms, marigolds are highly valued in the
floral industry for their long-lasting, vibrant flowers,
while essential oils derived from certain species are
utilized in perfumes, cosmetics, and therapeutic
products. Furthermore, their use in organic farming as
companion plants for pest control adds to their
agricultural significance. Marigolds' various forms
and applications offer a rich resource supporting
ecological sustainability and economic growth
(Priyanka et al., 2013).

The global trade in marigold flowers is estimated at
around Rs. 500 crores. China, India, and Peru are the
top producers and exporters of marigold flowers,
while the major importing countries include the USA
and Europe (Mohan, 2016). The leading exporters of
marigold flowers are India, Thailand, and China. With
4502 shipments, India leads the world in marigolds in
flower exports, while Thailand and China export 1461
and 452 shipments, respectively. Marigold is the most
grown and produced loose flower in India, followed
by chrysanthemum, jasmine, tuberose, and Cassandra
(Singh et al., 2016). In Sri Lanka, marigolds are often
used as decorations at various ceremonies (Baghel
Agro Industries., 2025). According to the Department
of Agriculture, Peradeniya (2015), growing marigold
alongside main crops like chilli, capsicum, and tomato
can help reduce damage from the Heliothis pest by
functioning as a trap crop. Additionally, Marigolds can
repel soil-borne plant parasitic nematodes.

The literature reveals that marigold was introduced to
Sri Lanka for ornamental purposes. It grows widely in-
home gardens and is cultivated for cut flowers. While
the plant is used for medicinal remedies and grown as
a food crop in some other countries, it is used for
horticultural purposes and Ayurvedic medicine in Sri
Lanka (SL Flora, 2014). In Sri Lanka, marigolds are
more commonly used as offerings and decorations at
funerals, weddings, and various religious ceremonies.
They are known for their durability and bloom in the
fall (Baghel Agro Industries., 2025). Also, marigolds
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are used in commercialized herbal cosmetic products
and plant pest and disease management practices in Sri
Lanka (Gamage et al., 2021; Jayawardane, 2022).
Statistical information about marigold cultivation in
Sri Lanka is currently not available. However, in a
previous study by Padmini and Kodagoda (2017),
marigold was identified as a commonly grown
ornamental plant in the local market.

Marigold accessions are essential for understanding
this plant's genetic diversity, phenotypic variation, and
soil adaptability. Marigolds come in various flower
colours, sizes and growth habits. Some marigold
cultivars have good drought-tolerant abilities
(Dalman, 2022). These favourable characteristics in
Marigolds are significant, making them valuable for
breeding and commercial production.

Identifying and characterizing cultivars is essential for
crop breeding and variety release programs (Korir et
al., 2013). Characterization based on qualitative traits
is particularly useful for identification due to the
consistency of these traits across various environments
(Srinivas & Rajasekharam, 2020). Systematic
evaluation plays a key role in classifying and
conserving marigold germplasm, providing vital
information for crop improvement initiatives focused
on enhancing yield, quality, and environmental
adaptability. This thorough approach to trait analysis
also facilitates the creation of standardized protocols
for selecting and propagating top cultivars, ultimately
supporting the sustainability and growth of the
marigold industry.

Understanding genetic variation and the relationship
among different genotypes is crucial for classifying
and effectively wusing germplasm resources in
marigold breeding (Kumar et al., 2019). Varietal
identification based on morphological traits is
sometimes too limited (Mor et al., 2008). In recent
years, molecular marker technology has emerged as a
valuable tool for developing new plant varieties
(Hasan et al. 2021). Among the various types of
molecular markers commonly used, the simple
sequence repeat (SSR) or microsatellite marker is
among the most effective and widely utilized (Mason,
2015). However, a few SSR markers have been
developed for marigolds (Whankaew et al., 2014).
Therefore, further morphological and molecular
characterization is important for enhancing marigold
breeding, conservation, and variety development.

There is a notable lack of research on the
morphological diversity of marigolds in Sri Lanka,
with few studies examining the full spectrum of
genetic and phenotypic variation within the species.
Gaining insight into this diversity is essential for
breeding programs focused on enhancing marigold
varieties to meet the unique environmental conditions
and market needs of Sri Lanka. By filling this research
gap, scientists can improve germplasm conservation,
support the development of better varieties, and
promote the sustainability of marigold farming in the
area.

Comprehensive records on genetic diversity, better
quality, disease resistance, and adaptability can
support breeding programs by providing trustworthy
data for selecting superior genotypes and helping
create standardized varieties for commercial
production. In the present study, marigold accessions
were collected from diverse locations, evaluated and
documented for the floral diversity to identify unique
or promising flowers for future research and
development.

MATERIALS AND METHODS
Study Site and Germplasm Collection

Twenty-five marigold (Tagetes spp.) accessions were
collected from various agroecological zones across Sri
Lanka. All accessions were established and evaluated
at the Faculty of Agriculture, University of Ruhuna,
located in the low country wet zone. This region offers
favorable environmental conditions for marigold
cultivation, including moderate  temperatures,
adequate sunlight, and high humidity, which support
optimal growth and flowering performance.

Cultivation Conditions

The experiment was conducted under open-field
conditions within a protected wire-mesh house to
ensure  sunlight exposure  while  minimizing
disturbances from pests and animals. Seeds from each
accession were sown in pots measuring 1 x 1 feet,
filled with a potting mixture consisting of topsoil,
compost, and sand in a 2:1:1 ratio. All seeds were
sown simultaneously to ensure uniform germination.
Thinning was performed at the four-leaf stage,
retaining two healthy seedlings per pot. Ten pots were
maintained for each accession, and standard
agronomic practices such as irrigation, weeding, and
pest management were applied uniformly throughout
the cultivation period.
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Experimental Design

The experiment followed a completely randomized
design (CRD), with ten replicates per accession. Each
replicate consisted of one pot containing two plants.
Plants were raised inside a wire mesh house to protect
them from the predators. Data were collected at the full
bloom stage, and observations were made on both
plants in each pot. Average values per plant were
calculated and used for subsequent analysis.

Morphological Data Collection

At full bloom, ten vegetative and floral parameters
were recorded. Plant height was measured from the
base of the stem to the apex of the tallest branch. The
number of main branches and total flowers per plant
were also counted to assess floral productivity.

Floral Classification Criteria

Floral characterization was carried out using the first
ten fully opened flowers on each plant. The dominant
flower colour of each accession was visually identified
using a standardized colour scale. The colours
observed included pale yellow, light yellow-green,
light yellow, yellow, bright yellow, golden yellow,
yellow-orange, golden orange, reddish-orange, and
reddish yellow.

The diameter of each flower was measured, and ray
and disc florets were studied separately. The ray
florets, positioned on the outer whorl of the composite
flower head (capitulum), were categorized based on
petal morphology including flat, frilled, reflexed, and
serrated edges. Disc florets, located at the center of the
flower head, were classified according to shape into
tubular, bell-shaped, funnel-shaped, star-shaped, and
compact forms.

Based on the visibility and arrangement of ray and disc
florets, flowers were grouped into four floral types:
single, semi-double, double, and anemone. Single-
type flowers featured one row of ray florets
surrounding a fully exposed disc, resembling a daisy
(Table 1). Semi-double flowers had multiple rows of
ray florets with disc florets still partially visible.
Double-type flowers were composed of numerous
layers of ray florets, entirely concealing the disc florets
and giving a compact, rounded appearance. Anemone-
type flowers were distinct for their prominent,
enlarged disc florets forming a cushion-like central
structure with few or no ray florets.

Table 1: Considered Characteristics for Floral Characteristics of
Flower Type, Disc Florets Visibility, Ray Florets Layers, and Cross-
Sectional Appearance

Type Disc Florets Ray florets  Appearance

S Visible One layer Distinct discs and rays
Partially Disc partially hidden
SD visible Multiple

Dense, compact,
D Not visible Many rounded
Prominent cushion-
Enlarged, Few or like disc resembling an
A dense, visible absent Anemone flower

S: Single, SD: Semi-double, Double, Anemone
Principal Component Analysis (PCA)

PCA was conducted to explore the structure of
variation among flower accessions and to identify
traits contributing most to diversity. The analysis was
performed on the standardized dataset using the SPSS
and R. Principal components were extracted based on
eigenvalue decomposition of the correlation matrix.
The proportion of variance explained by each
component was calculated, and the first two principal
components (PC1 and PC2) were used for visual
interpretation. A biplot was generated to visualize both
the position of accessions in the reduced space and the
direction and strength of trait loadings. Hierarchical
clustering using Ward’s method grouped the 25 flower
accessions into distinct clusters, reflecting clear
phenotypic differentiation based on the evaluated
morphological traits.

RESULTS AND DISCUSSION

All the accessions recorded less than 130 cm in plant
height. According to the taxonomic classification, the
Sri Lankan Marigold type is Targets erecta (African
marigolds). Generally, T. erecta is the tallest variety,
growing between 90-120 cm high, with a sturdy
upright growth (Table 2). T. patula exhibits a compact
growth habit, growing to heights of 15-30 cm, making
them ideal for growing in containers and borders. In
contrast, Signet marigolds (T. tenuifolia) are much
smaller, typically reaching heights of 15 cm or less
(Dalman, 2022).

The flowers of the collected accessions recorded
dominant and distinguishable colours: pale yellow,
light yellow-green, yellow, bright yellow, golden
yellow, yellow-orange, golden orange, reddish-
orange, and reddish yellow (Table 2, Supplementary
Figure 1). Carotenoids are the primary pigments found
in marigold flowers, and the variations in carotene
(which gives an orange hue) and xanthophyll (which
provides a yellow shade) levels among different
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Table 2: Floral characteristics of twenty-five marigold accessions

Complete flower  Disc florets Dominant colour Compendium shape  Disc floret type Ray floret type
diameter (cm) diameter (cm)
1 5.01 2.69 Reddish Yellow Semi-double Tubular Frilled
2 3.44 3.44 Bright yellow Semi-double Tubular Flat
3 33 11 Yellow Semi-double Tubular Frilled
4 5.02 1.3 Yellow Semi-double Tubular Frilled, reflexed
5 5.01 5.01 Yellow orange Anemone Star -
6 5.8 5.8 Pale yellow Anemone Star -
7 5.7 5.7 Golden yellow Anemone Star -
8 3.8 1.25 Light yellow Single Funnel Frilled
9 55 4.0 Golden orange Single Star Frilled, reflexed
10 38 3.8 Golden orange Anemone Star -
11 39 39 Golden yellow Semi-double Star Reflexed
12 55 5.3 Golden yellow Single Funnel Flat, serrated
13 3.7 2.7 Golden orange Semi-double Bell Frilled
14 5.7 5.7 Golden orange Anemone Star -
15 56 1.4 Golden yellow Single Tubular Flat
16 40 0.5 Golden orange Double Tubular Frilled, reflexed
17 38 3.8 Golden yellow Anemone Funnel -
18 3.9 2.6 Golden orange Semi-double Transition Reflexed
19 40 35 Light yellow-green Single Funnel Frilled
20 4.0 35 Golden orange Single Funnel Frilled
21 38 3.8 Reddish-orange Anemone Star -
22 56 3.7 Golden yellow Single Tubular Frilled
23 56 11 Bright yellow Semi-double Funnel Flat
24 55 2.8 Golden orange Semi-double Tubular, funnel, star ~ Strap reflexed
25 55 55 Golden yellow Single Tubular reflexed

genotypes play a significant role in the wide range of
flower colors (Zhang et al., 2020). The broad colour
spectrum enhances their marketability in floriculture,
particularly for use in garlands, religious offerings,
and decorative arrangements. Based on floral
diameter, flowers were categorized into three size
classes: small, medium, and large. Flowers with a
diameter of less than 3.9 cm were classified as small,
and small flowers were recorded in accessions 2, 3, 8,
10, 13, 17, and 21. Flowers with a medium size,
measuring between 3.9 cm and 4.9 cm in diameter,
were observed in accessions 16, 19, and 20. Flowers

classified as large, with a diameter exceeding 5 cm,
were recorded in accession numbers 1, 5, 6, 7, 9, 12,
14, 15, 22, 23, 24, and 25. T. erecta usually produces
large double flowers measuring up to 12.7 cm in
diameter. French marigolds have double and single
flower varieties, but the double varieties are far more
prevalent, featuring blooms that can reach up to 5¢cm
in width. In contrast, Signet marigolds (T. tenuifolia)
flowers feature a single row of petals and are about 2.5
cm-5 cm wide (Dalman, 2022). In a study conducted
in West Bengal, India, the African marigold variety
had outperformed the French and local cultivars in
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both flower diameter and the number of flowers
produced per plant (Tiwary et al., 2014). However, In
the present study, the widest flower diameter recorded
was 5.8 cm. T. erecta L. and T. patula L. hold
significant horticultural value and are cultivated
commercially for their beautiful flowers (Ashritha et
al., 2022).

According to ray and disc floret arrangements, the
germplasm collection contained single, semi-double,
double, and anemone-type flowers (Table 2).

Asteraceae is one of the largest families of flowering
plants, distinguished by a distinctive head-like
inflorescence consisting of a number of ray florets and
disk florets. In this head-like structure, the outer florets
are sterile ray florets that lack stamens, while the inner
florets are fertile disk florets that contain all four whorl
organs. Various morphological traits, including
fertility, symmetry, and organ fusion, can be seen
within a flower (Mandel et al.,, 2019). African
marigolds are characterized by double rows of petals
that may be notched or fringed; they present a textured
and intricate look. This variation in petal formation
creates a vibrant display of shapes and sizes (Grow
Org, 2024).

In the present study, accessions 8, 9, 12, 15, 19, 20,
and 22 contained a single whirl of ray florets. Usually,
the single type of Marigold flower makes the disc
florets highly visible and accessible. The appearance
of a single-type marigold is similar to that of a daisy,
with a distinct contrast between the outer ray florets
and the inner disc florets. However, in this collection,
the typical single-type marigold similar to the daisy
flower was recorded by 2, 8, 15, and 22 accessions
since the disc florets of the other accessions were
crowded with a lot of ray florets. Functionally, this
type is highly reproductive, as the disc florets remain
fully functional in pollination and seed production.
Because of their efficiency in natural reproduction,
many wild marigold types exhibit this floral structure.

Semi-double types of flowers were recorded by
accessions 1, 2, 3, 4, 11, 13, 18, 23, and 24. The disc
florets are still partially visible in semi-double-type
flowers, allowing for some reproductive functionality.
The semi-double type balances ornamental value and
pollination potential, making it a popular choice for
decorative gardens and pollinator-friendly landscapes.
While the increased number of ray florets enhances
aesthetic appeal, it still allows partial access to the
central reproductive structures. Many hybrid Marigold

varieties fall into this category, bred for beauty and
functional pollination.

According to floral characteristics, twenty-five
Marigold accessions can be sorted using the following
key.

1. Presence of ray florets in the flower
2. Ray florets are flat.
3.Dise floret tubes are tubular (2)
3'Disc floret tubes, not tubular
4. Has a semi-double flower type (23)
4. Do not have a semi-double flower type
3. Dise floret diameter is less than 2 cm (15}
5" Disc flovet diameter not less than 2 em (12}
2" Ray florets are not flat. Mostly frilled.
4. Ray florets frilled.
7. Has a semi-dowble flower type
8. Ray florets are reflexed (4)
8" Ray florets are not reflexed.
9. Dominant flower is colour yellow (3}
9°. Dominant flower is not colour yellow: orange vellow (1)
7. Do not have a double flower type; single
10. Dominant flower colour is light yellow-green (19}
10", The dominant flower colour is not light yellow-green
11. Ray Floret is reflexed (9)
11'. Ray floret is not reflexed (8)
6", Ray florets are noi frifled
12. Dise floret tube is beil-shaped (13)
12", Disc flaret tube is not bell-shaped
13. Presence of a double flower type
14. Disc floret is star shaped (11}
14°. Disc flovet is not star shaped, Tebular (16)
13" Do not have a double flower type
15. Disc floret tvpe is transition (18}
15°. Disc floret type is not transition.
16. Have a semi-double flower type (24)
16" Do not have a semi-double flower type
17. Dise floret is finnel-shaped (20)
17", Dise floret is not funnel-shaped.
18. Ray Fioret is reflexed (25}
18", Ray floret is not reflexed (22)

Accession number 6 was a double type, and this type
gives the flower a compact, fluffy, and spherical
appearance, making it highly ornamental. Because the
reproductive disc florets are hidden, these flowers are
mostly sterile or have reduced pollination efficiency,
requiring manual breeding techniques for propagation.

Accessions 5, 6, 7, 10, 14, 17, and 21 were anemone
types. This creates a button-like or pom-pom
appearance, with ray florets arranged around the
prominent disc. Unlike double-type marigolds,
anemone-type flowers retain some reproductive
capability, as the large disc florets may contribute to
seed production. This floral arrangement is less
common and is usually seen in rare Marigold varieties,
making them highly sought after for ornamental
purposes.

Accessions 22 and 24 exhibited floral trimorphism,
indicating mutations in disc floret development.
Twenty-five accessions were characterized by plant
height (cm), number of branches, side branches, and
flowers per plant. The variation in accessions offers
valuable information for their growth potential,
structural robustness, and reproductive capacity,
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which are essential for selecting promising genotypes
(Table 3).

Table 3: Plant morphology of the evaluated marigold accessions

Accessio Height

nnumber  (cm) NMB NSB NF
1 76 5 14 20
2 71 8 12 20
3 82 16 10 22
4 91 9 17 25
5 105 6 13 24
6 90 15 17 32
7 74 10 6 12
8 130 7 9 15
9 52 5 3 8
10 95 7 6 13
11 81 11 11 22
12 92 8 6 12
13 72 7 6 12
14 55 9 3 12
15 35 4 10 11
16 44 4 6 10
17 45 4 5 9
18 48 4 6 10
19 45 4 4 7
20 45 4 5 6
21 42 4 5 9
22 75 6 8 14
23 64 7 7 12
24 80 5 6 10
25 55 8 6 13

NMB: Number of main branches, NSB: Number of side branches, NF: Number of

flowers

The plant height measurements demonstrated a wide
range, from 35 cm in accession 15 to 130 cm in
accession 8. This wide variation in plant height
suggests that accessions might possess different
genetic characteristics, while environmental factors
could affect how plants grow. Plants with increased
height tend to excel in resource acquisition, but shorter
plants demonstrate better strength against lodging,
ensuring suitability for specific farming practices. In a
previous study by Venkatesh et al. (2023) on
vegetative and flowering characters in T. erecta,
different cultivars showed different heights; the
‘Tennis Ball Plus' cultivar showed the highest plant
height at 104.34 cm, followed by the 'Orange Glory'

with a height of 93.03 cm. The 'Dimpal’ cultivar had
reached only 65.40 cm at 90 days after transplanting.
These results show a notable variation in the height of
different T. erecta cultivars, suggesting that some
varieties have greater growth potential than others.
This enhances the opportunities for selection and
breeding programs to improve desirable traits of
marigolds, such as height for commercial or
ornamental purposes.

A wide range of primary branch numbers existed
among accessions, which reached the highest count of
16 in accession 3, but reached the lowest count of 4 in
accessions 15 to 21. Most accessions showed a growth
habit with 4 to 10 branches, indicating neither a dense
nor open shape. The side branch distributions between
different accessions showed substantial variation
because accessions 6 and 4 had 17 branches yet
accessions 9 and 14 had only 3 branches. Plant
branches tend to enhance flowering when they exceed
a certain threshold in number.

In a previous study, the highest number of primary
branches of T. erecta recorded was 13 at 90 days after
transplanting. For secondary branches, the count was
40.55 (Venkatesh et al., 2023). Compared to these
findings, some accessions showed even higher values,
particularly accession 3, which had 16 primary
branches, and accessions 6 and 4, which each had 17
secondary branches. Some accessions, like 9 and 14,
only produced 3 secondary branches below the
reported ranges, suggesting that branching patterns
can vary significantly among different genetic
backgrounds. Agronomic practices such as apical bud
removal would be effective for this type of plant to
increase the number of side branches for a higher
number of flowers.

The number of flowers per plant expressed essential
reproductive significance because it ranged between 6
flowers in accession 20 and 32 in accession 6. Most
analyzed accessions produced 12 to 22 flowers each,
indicating similar flowering patterns. The plant height
was 90 cm, and the branching pattern was high in
accession 6, combined with 9 main branches and 17
side branches, resulting in 32 flowers, while similar
traits in accession 4 led to 9 branches with 17 side
branches, vyielding 25 flowers. The flower count
showed a stronger relationship with the branching of
the plants independently from plant height
measurements. Selection programs should focus first
on accessions which produce ample flowers because
these will be the most promising candidates.
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Furthermore, in a previous experiment by Venkatesh
et al. (2023), the number of flowers produced per plant
varies depending on several factors, including
pinching type. The double pinched plants showed the
highest number of flowers per plant, which was 90.
This emphasizes that numerous factors can affect the
number of flowers produced in a marigold plant,
including the number of branches produced in a plant
followed by pinching.

The observations showed no direct connection
between plant height and flowering output because
some tall accessions generated fewer flowers than
shorter accessions. The measurement results showed
accession 8, the tallest plant (130 cm), produced only
15 flowers despite its height, whereas accession 6 (90
cm) displayed 32 flowers as its highest number. The
results showed that height cannot solely indicate
successful reproduction. The flower count increased
when plants displayed higher numbers of branches
along with additional side branches. Accessions 6 and
4 demonstrated better agricultural output, including 15
branches, yet 17 side branches resulted in 32 flowers.
The study indicates that reproductive potential
depends on branching structure because multiple
flowering sites enhance reproductive potential.

Plant height, branching patterns, and flower counts
significantly affect the selection of better plants. The
evaluation process would advance breeding programs
by selecting accession humbers 6 and 4 because they
show strong branching patterns with numerous
flowers. Accessions with medium plant height and
many flowers should be selected as priority breeding
materials when compact growth and high yield are the
main objectives. However, consumer preference
would be colour and petal arrangement as well. The
diversity of trait values in this accession collection
demonstrated a significant genetic variability that
researchers can use for agricultural improvement
programs.

Principal Component Analysis

The eigenvalue analysis from the PCA revealed that
three PCs scored more than 1 Eigen value and
collectively describe 73.38% cumulative variances
(Table 4). The first principal component (PC1) had an
eigenvalue of 4.00 and accounted for 42.58% of the
total variance, indicating its strong contribution to the
overall differentiation among accessions. The second
principal component (PC2) contributed an additional
18.17%, bringing the cumulative variance explained

by the first two components to 60.75%. This suggests
that a substantial portion of the morphological
diversity among the flower accessions can be
effectively captured in a two-dimensional PCA space.
Subsequent components contributed progressively
smaller proportions of the variance, supporting the
focus on PC, PC2 and PC3 for visualizing and
interpreting the main patterns of variation.

Table 4: Eigenvalues, proportion of variance, and cumulative
variance explained by the principal components derived from the
PCA of 25 flower accessions based on morphological traits

Principal Variance Cumulative
Component Eigenvalue (%) Variance (%)
PC1 4 42.58 42.58

PC2 171 18.17 60.75

PC3 1.19 12.63 73.38

PC4 0.85 9 82.39

PC5 0.76 8.06 90.45

PC6 0.44 4.7 95.14

PC7 0.29 3.09 98.23

PC8 0.15 1.56 99.79

PC9 0.02 0.21 100

PC: Principal component

The PCA loadings provided insight into the relative
contribution of each morphological trait to the
observed variability among flower accessions. Traits
such as number of flowers, side branches, and
dominant colour exhibited the highest positive
loadings on the first principal component (PC1),
which alone accounted for 42.58% of the total
variation (Table 5). This suggests that these traits play
a major role in differentiating accessions along the
primary axis of variation. On the second principal
component (PC2), which explained 18.17% of the
variance, the most influential traits were disc floret
diameter, complete flower diameter, and compendium
shape. These findings highlight the importance of
floral structure and branching characteristics in
capturing the underlying phenotypic diversity. The
direction and magnitude of the loadings further
indicate how traits are correlated, with traits
contributing similarly to a principal component being
positively associated. The PCA loadings support the
identification of key traits responsible for variability
and provide a statistical basis for trait selection in
breeding and diversity studies.
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Table 5: Principal components (PCs) extracted from the ten traits
studied in 25 Merigold accessions

PCl1 PC2 PC3 PC4 PC5 PC6 PC7

H 033 0 0.22 0.69 031 0 -0.46
NM
B 037 016 0.07 0.15 0.53 0.66 0.09

NSB 047 -0.1 -0.04 0.02 -0.15 -041 045
NF 049 005 0.01 0.1 0.1 -0.21  0.36
CFD 0.07 058 0.29 -0.29  -052 031 0.23
DFD -0.02 0.64 0.26 -0.05 0.39 -0.5 -0.3
DC -041 009 011 0.43 0.3 -0.06 048
CS -0.25 039 -048 045 -0.26  0.05 0.17
DFT -0.23 -0.2 0.74 0.14 -011 0 0.21

H: Height, NMB: Number of main branches, NSB: Number of side
branches, NF: Number of flowers, CFD: Complete flower diameter,
DFD: Disc florets diameter, DC: Dominant colour, CS:
Compendium shape, DFT: Disc floret type

PCA biplot with trait loading

The PCA biplot revealed clear dispersion of
accessions,  suggesting  substantial  phenotypic
diversity within the evaluated set (Figure 1). Trait
loadings showed that number of flowers, side
branches, and dominant colour contributed most
strongly to PC1, while disc floret diameter, complete
flower diameter, and compendium shape were the
major contributors to PC2. These traits are therefore
critical in distinguishing between accessions. Traits
with vectors oriented in similar directions were
positively correlated, while those in opposite
directions were negatively associated. Overall, the
PCA provided valuable insights into the structure of
trait variation, supporting the identification of key
phenotypic traits that drive differentiation among
accessions.

Hierarchical cluster analysis using Ward’s method and
Euclidean distance successfully grouped the flower
accessions based on their morphological traits. The
resulting dendrogram revealed clear stratification,
forming three major clusters, each representing groups
of accessions with similar phenotypic profiles (Figure
2). This clustering supports the patterns observed in
the PCA and reinforces the presence of substantial
variability among the evaluated genotypes.
Accessions within the same cluster shared common
trait characteristics, while those in different clusters
exhibited distinct morphological differences. Notably,
traits such as number of flowers, branching pattern,
and floral dimensions appeared to play a key role in
defining the cluster boundaries. The observed
clustering can aid in the selection of diverse parental
lines for breeding programs, ensuring the exploitation

of genetic variability and the development of
improved cultivars with desirable traits.

! .
Disc_fidrets28iameter

§ 14
Complete_flower_diameter

PC1

Figure 1. Principal Component Analysis (PCA) biplot of marigold
accessions based on morphological traits.

Hierarchical Clustering of 25 Marigold Accessions
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Figure 2. Hierarchical clustering dendrogram of 25 merigold
accessions based on morphological traits, using Ward’s method and
Euclidean distance

Research has failed to document Sri Lankan marigold
accessions throughout the past. The selection of
commercially attractive flowers depends on the
findings from this research, which determines flower
attributes for business use according to their types,
colours, and sizes. Further investigations need to be
performed to enhance the number of accessions, which
will support commercial breeding and population
multiplication.
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CONCLUSIONS

The study revealed significant variations in floral
morphology among the evaluated twenty-five
marigold accessions. The accessions displayed various
flower colours, including yellow, orange, reddish-
yellow, and golden hues. Based on floral diameter,
flowers were classified into small (<3.9 cm), medium
(3.9-4.9 cm), and large (>5 cm) categories. Floral
forms varied in accessions, with single, semi-double,
double, and anemone types. Single-type flowers,
which maximize reproductive efficiency, were
recorded in accessions 2, 8, 15, and 22, while semi-
double types were noted in several accessions. Double
and anemone-type flowers exhibited higher
ornamental value. Interestingly, floral trimorphism
was observed in accessions 22 and 24, highlighting
unique floral diversity within Sri Lankan marigolds.
The findings of this study have significant
implications for the horticultural, commercial, and
breeding potential of marigolds in Sri Lanka. The
identified genetic variability could be utilized in
breeding programs for ornamental varieties suited to
urban landscaping and container gardening. The
diversity in floral morphology, including single, semi-
double, double, and anemone types, allows for
targeted breeding based on ornamental preferences
and reproductive efficiency. Single and semi-double
types, with accessible disc florets, hold potential for
pollinator-friendly landscaping, whereas double and
anemone types are desirable for high-value
ornamental displays. The discovery of floral
trimorphism  (accessions 22 and 24) presents
opportunities for further genetic exploration and
hybridization to develop novel marigold varieties with
enhanced aesthetic and reproductive traits. Principal
Component Analysis (PCA) effectively summarized
the morphological variability among the flower
accessions. Three principal components with
eigenvalues greater than one were collectively
explaining 73.38% of the total variance. Traits
contributing most strongly to PC1 were number of
flowers, number of main and side branches, indicating
that floral productivity and branching habit are the
primary sources of variation. On the other hand, disc
floret diameter, complete flower diameter, and
compendium shape were the major contributors to
PC2, highlighting the importance of flower size and
structure in phenotypic differentiation. These findings,
as visualized in the PCA biplot, underscore the
significance of both floral and vegetative traits in
capturing genetic diversity among marigold

accessions and suggest their utility as key descriptors
for characterization and selection in breeding
programs. Hierarchical clustering based on Ward’s
method grouped the accessions into three
phenotypically distinct clusters, reinforcing the
findings from PCA. These results underscore the
presence of significant morphological diversity, which
can be exploited for effective selection and breeding
strategies.
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ABSTRACT

Sugarcane White Leaf Disease (WLD) is one of the major threats to the sugarcane industry in Sri Lanka.
Deltocephalus menoni (Hemiptera: Cicadellidae, Deltocephalinae) is the only locally-identified vector of this
phytoplasma disease. Understanding the vector and reservoir of the phytoplasma is essential for effective control of
the disease. An experiment was conducted in the entomology laboratory and the Research farm of the Sugarcane
Research Institute (SRI), Uda Walawe, Sri Lanka to identify the putative vectors of WLD of sugarcane. Insects
available in the sugarcane ecosystem were identified by collecting them using a sweep net and pooter randomly from
sugarcane fields, preserving samples and observing morphology. Among the collected insects, leaf hopper sp.,
Yamatotettix sp., Chlorita paolii, Cicadella viridis, Euscelis sp., Indiocerus lituratus, Kolla ceylonica and
Tropidocephala signata were selected for the study as they belong to the family Cicadalidae, which belongs to 75%
of phloem-feeding phytoplasma vectors. Deltocephalus menoni was considered as the reference sp. during the study.
Honey dew test and erythrosine dye test were conducted to determine the feeding ability of selected insects on
sugarcane. pH test and leaf cross-section study were conducted to study the feeding location of the insects on
sugarcane leaves. Among test insects, only Yamatotettix sp. was identified as a phloem feeder exhibiting its potential
to act as a vector of the sugarcane WLD. Further confirmation of the ability of Yamatotettix sp. to transmit the
sugarcane WLD phytoplasma is crucial by conducting disease transmission tests in future.

Keywords: Deltocephalus menoni, Putative vectors, Phytoplasma, Sugarcane, White Leaf Disease

INTRODUCTION

plants of the Poaceae family, such as rice yellow dwarf
(RYD), sugarcane grassy shoot (SCGS) and sorghum

Sugarcane is an important commercial crop and sugar grassy shoot (SGS) phytoplasmas (Marcone, et al.,

is an important sub-sector in economy of Sri Lanka
which offers great employment potential and income
generation to the community in sugarcane cultivating
areas, Sevanagala, Pelwatte, Monaragala,
Siyambalanduwa, and Badulla (Keerthipala, 2007,
2016). At present, domestic sugar production has been
reduced due to decrease in cane supply, labor unrest,
cultivating inferior cane varieties, deficiencies in crop
management and due to the pest and disease incidence.

The phytoplasma diseases that affect sugarcane
include sugarcane white leaf disease (WLD),
sugarcane grassy shoot disease, sugarcane yellow leaf
syndrome, Ramu stunt disease of sugarcane, and
sugarcane green grassy shoot disease (Marcone et al.,
2001). Among them WLD is significant in Sri Lanka
(Kumarasinghe & Jones, 2001). WLD is caused by
phytoplasmas from group 16SrXI, including subgroup
16SrXI-B and a new subgroup, 16SrXI-D which
includes other important phytoplasmas infecting

2001).

This disease spreads in sugarcane plantations,
primarily, through infected seed cane (Jayaratne,
1996) and secondarily, by an insect vector,
Deltocephalus menoni (Seneviratne, 2008) in Sri
Lanka. Two other leafhopper species viz.,
Matsumuratettix hiroglyphicus Matsumura
(Matsumuto et al., 1968) and Yamatotettix flavovitatus
Matsumura (Hanboonsong et al., 2006) have been
identified as the vectors of Sugarcane WLD
Phytoplasma SWLDP in other countries, however,
these species are not reported in Sri Lanka.

Species in Deltocephalinae subfamily have feeding
habits that can range from monophagous to
polyphagous, and they are releasing honey dew on the
leaf blades. Members of this group can transmit one
or more different phytoplasma species where more
than 75% of all confirmed phytoplasma vector species
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belong to a specific species (Chanchala et al., 2022).
Weintraub & Beanland (2006) pointed out that this
group collectively possesses several fundamental
characteristics that make its members efficient vectors
of phytoplasmas: i) Hemimetabolous, ii) Feed
specifically and selectively on certain plant tissues,
which makes them efficient vectors of pathogens
residing in those tissues and iii) Feeding is non-
destructive, promoting successful inoculation of the
plant vascular system without damaging conductive
tissues and eliciting defensive responses.

Recently, WLD incidences in all sugarcane cultivating
areas of Sri Lanka are increasing rapidly creating
doubts on presence of any other vectors in the country.
Also, effective control of the disease requires a good
understanding of the vector and reservoir of the
phytoplasma. It is important to know the impact of
currently undiscovered vectors on the spread of WLD.
Hence, this study was started to identify the putative
vectors except D. menoni (if present any) that transmit
sugarcane WLD.

MATERIALS AND METHOD

The experiment was conducted at the research farm
and entomology laboratory of the Sugarcane Research
Institute (SRI1), Uda Walawe, Sri Lanka (6.4185° N,
80.8239° E, Average Temperature: 32°C, Average
Rainfall: 1500 mm, Elevation from mean sea level:
109 m) from April to August 2024 (Wanasinghe et al.,
2014).

Collecting test insects

Insects in the sugarcane eco system were collected
from the research farm of the SRI Uda Walawe using
sweep net and pooter in the morning between 7-8am
and using light traps at night time between 7-8 pm
(Figure 1). Leaf hopper spp trapped in the sweep nets
were collected in the vial attached to the pooter.
Immediately after removing the vial from the pooter,
it was held upside down in order to allow the insects
to move upward. The mouth of the vial was then
covered with a piece of cloth and securely fastened
with a rubber band. Thus, insects were collected in
many vials changing the vial of the aspirator after
enough insects had been collected in the vial. The
insects in vials were then transported alive in an air-
conditioned vehicle to the laboratory at SRI on the
same day.

Figure 1: Instruments and methods used in insect collection; (a)
sweep net, (b) pooter, (c) Insects collecting using sweep net and
pooter and (d) Insects collecting using light trap at night

Sample preservation and identification

The collected insects were knocked down by keeping
them in a deep freezer for 2 hours and dried in an oven
for 5-to 6 hours under 45°C temperature and stored in
small paper packets. Specimen preparation for
identification was done by placing dried insect
samples on specific triangular shaped paper pieces
attached to the top of the insect pins. Leaf hopper
species were separated based on the morphological
features. Identification was done based on the
morphology of genital parts and other body parts
(wings, legs, etc.) using available literature, expert
guidance and identification keys.

Selection of insects for the feeding test

Insect selection was done considering previous studies
conducted at SRI (Senevirathna, 2008).

Study the feeding potential on sugarcane

The feeding amount and ability of collected insects on
sugarcane were studied using the honey dew test and
the Erythrosine dye test. The feeding amount was
measured by staining with the bromocresol green
treated filter paper. Honeydew on the sugarcane leaf
and the sachet were collected with the bromocresol
green-treated filter papers. Honeydew-stained filter
papers were carefully wind-dried, and stained areas on
filter papers (blue) were measured using square
millimeter grids. In order to study the ability to feed,
leaf portions where the insect had fed were collected
and dipped in a staining solution of 0.1% erythrosine
dye for 10-15 min. Then, the leaf portions were
examined under a microscope. The salivary flanges on
each plant sample, which were stained in pink color,
were counted based on size variation following the
method described by Nugaliyadde (1994).

Feeding location

The feeding location of the leaf was determined by
conducting a leaf cross-section study and pH test. The
pH test was done by using litmus paper. If the insect
was fed the phloem, the pH of honeydew is acidic, and
if the insect was fed the xylem, the honeydew is bases.
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In order to confirm the feeding location, Erythrosine
dye-stained cross sections were studied to confirm
whether the phloem has been fed precisely by the test
insect spp. (Heinrichs et al., 1985).

RESULTS AND DISCUSSION

Ten insect species primarily belonging to order
Hemiptera, were recorded during the study period
(Table 1). Recorded insects were belonging to three
families Cicadellidae, Lophopidae, and Delphacidae
families

Table 1: Insect species belong to order Hemiptera recorded during
the study period

Insect collected Order Family
01  Chlorita paolii Hemiptera Cicadellidae
02  Cicadella viridis Hemiptera Cicadellidae
03  Yamatotettix spp. Hemiptera Cicadellidae
04  Kolla ceylonica Hemiptera Cicadellidae
05 Tropidocephala signata Hemiptera Cicadellidae
06 Idiocerus lituratus Hemiptera Cicadellidae
07  Euscelis sp. Hemiptera Cicadellidae
08  Pyrilla perpusilla Hemiptera Lophopidae

09  Perkinsiella saccharicida Hemiptera Delphacidae

10  Deltocephalus menoni Hemiptera Cicadellidae

Eight hopper species belonging to the family
Cicadellidae were recorded i.e., Chlorita paolii,
Cicadella viridis, Yamatotettix spp., Kolla ceylonica,
Tropidocephala signata, Idiocerus lituratus, Euscelis
sp and Deltocephalus menoni. The family consists of
various leafhopper species, known for their plant-
feeding habits and sometimes their role as disease
vectors (Weintraub & Beanland 2006).

One hopper species from the family Lophopidae,
named Pyrilla perpusilla and one species from the
family Delphacidae named Perkinsiella saccharicida
were also recorded during the study.

Pyrilla perpusilla, also known as the sap-feeding
planthopper leading to direct damages to the
sugarcane. Perkinsiella saccharicida is also a major
pest in sugarcane. It also acts as the vector of Fiji
disease of sugarcane. Since Perkinsiella saccharicida
and Pyrilla perpusilla do not belong to the family
Cicadellidae, they were not considered for further
studies.

Identifications of the leafhopper spp feed on
Sugarcane

Yamatotettix spp., Chlorita paolii, Cicadella viridis,
Euscelis sp., Idiocerus lituratus, Kolla ceylonica were
considered for the study, including Deltocephalus
menoni, which is the already known vector of
sugarcane WLD as a reference and has been
demonstrated to carry and transmit the WLD
phytoplasma in previous studies (Senevirathne, 2008;
Chanchala et al., 2014; 2019; 2020(a,b); 2021; 2022).

Figure 2: Collected leaf hopper specimens; (1) Chlorita paolii, (2)
Cicadella viridis, (3) Yamatotettix spp. (4) Kolla ceylonica, (5)
Tropidocephala signata, (6) Idiocerus lituratus (7) Euscelis sp. (8)
Pyrilla perpusilla, (9) Perkinsiella saccharicida, and (10)
Deltocephalus menoni. (a) Photograph and (b) microscope capture
of each specimen.

Feeding potential of test insect spp. on sugarcane
plant

The feeding potential of test insect species was
measured using honeydew production and production
of salivary flanges on sugarcane leaves. All the insect
species produced honeydew and salivary flanges,
which confirm all the spp feed on sugarcane (Table 2).
All species produce honeydew, which confirms the
insect’s ability to feed on a particular plant.

Deltocephalus menoni, Kolla ceylonica, and
Yamatotettix spp. have produced large salivary
flanges. Among them, D. menoni shows the highest
mean honeydew production (24.1 = 0.02 mm?),
followed by Yamatotettix spp. (13.7 £ 0.13 mm?),
confirming their intensive phloem-feeding behavior.
Production of large salivary flanges by Deltocephalus
menoni and Yamatotettix spp. Exhibits more intensive
feeding activity of these two-insect spp.
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Table 2: Status of honeydew production, feeding flanges, feeding location and response to pH tests in selected hopper

species.
Test insect spp Production of Presence of ~ Feeding location Response to pH test
Honey dew feeding
(mm?) flanges
Deltocephalus menoni 24.12(10.02) 1 (large) Phloem Red color convert blue
Kolla ceylonica 4.3°(£0.15) 2 (large) Epidermal cells No reaction
Tropidocephala signata  3,2¢(+0.18) 3 Bulliform cells No reaction
Idiocerus lituratus 3.1°(+0.16) 4 Epidermal /Mesophile  No reaction
Euscelis sp 2.9°(£0.2) 4 Epidermal /Mesophile  No reaction
Cicadella viridis 4.1°(40.05) 4 Epidermal /Mesophile  No reaction
Chlorita paolii 3.9°(%£0.21) 4 Bulliform cells No reaction
Yamatotettix spp. 13.7°(£+0.13) 2 (large) Phloem Red color convert Blue

This heightened activity could correlate with increased
risk for pathogen acquisition and transmission.

Deltocephalus menoni, Kolla ceylonica, and
Yamatotettix spp. have produced large salivary
flanges. Among them, D. menoni shows the highest
mean honeydew production (24.1 + 0.02 mm?),
followed by Yamatotettix spp. (13.7 + 0.13 mm?),
confirming their intensive phloem-feeding behavior.
Production of large salivary flanges by Deltocephalus
menoni and Yamatotettix spp. Exhibits more intensive
feeding activity of these two-insect spp. This
heightened activity could correlate with increased risk
for pathogen acquisition and transmission.

Although Kolla ceylonica has produced large flangers
they were located in mesophyll cells rather than in
phloem tissues. Honey dew production was low (4.3 +
0.15 mm?) and absence of any pH color change further
confirmed non-phloem feeding behavior of the insect
showing its restricted capacity to act as a vector for
WLD despite the visible damage caused.

Tropidocephala signata, Idiocerus lituratus, Euscelis
sp., Cicadella viridis, and Chlorita paolii, exhibited
minimal honeydew production (2.9-4.1 mm?) and no
pH reaction, reflecting their limited feeding depth and
negligible vector potential.

Salivary-sheath feeding appears to be particularly
common among the phloem- feeding hemipterans.
Thus, the number of salivary sheaths, or flanges, has

been considered as a good predictor of crop damage
from hemipteran feeding. Leafhoppers expend a
considerable energy cost when making salivary
flanges to access plant tissues. If a leafhopper
successfully creates a feeding well and feeds, they
often do not need to make additional feeding attempts
on the same plant. However, if the first attempt fails or
the plant defenses are too strong, they may create
additional feeding wells in an attempt to establish a
successful feeding site (Nugaliyadde et al., 1994).

Accordingly, Deltocephalus menoni, Kolla ceylonica,
and Yamatotettix spp. were capable of penetrating the
leaf tissues efficiently, indicating that their penetration
and feeding mechanisms are adapted to establish
feeding sites and feed with minimum energy
expenditure.

Feeding locations of test insect spp. on sugarcane
plant

Feeding locations of test insect spp were measured by
studying cross sections of insect fed- locations and
conducting pH (litmus) tests for honeydew excreted by
test insect spp. In considering the feeding locations of
Deltocephalus menoni and Yamatotettix spp. have
reached the phloem in leaf cross section, confirming
their feeding on phloem sap and therefore the ability
to acquire WLD phytoplasma, as it presents in phloem
sap.

Phloem feeders are the primary vectors of
phytoplasma, the causal agent of WLD, as they can
access and transmit the pathogen directly from
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infected plants to healthy ones. This phloem access is
crucial, as only phloem feeders have the capability to
transmit such systemic pathogens effectively
(Jarausch, 2010).

While Kolla ceylonica, Tropidocephala signata,
Idiocerus lituratus, Euscelis sp., Cicadella viridis, and
Chlorita paolii feed on epidermal, mesophyll, or
parenchyma cells, they are unlikely to act as vectors
for WLD due to their inability to access the phloem,
where phytoplasmas reside. Thus, these species,
although damaging, do not pose the same disease
threat as Deltocephalus menoni and Yamatotettix spp.
Phloem sap in the plants generally has a slightly
alkaline pH, often around 7.5 to 8.0, due to the
presence of amino acids, sugars, and other nutrients
that plants transport to different tissues via phloem
tubes. Thereby, when an insects feed on phloem sap,
their excreta; honeydew also shows an alkaline nature,
which converts the red color of litmus paper into blue
in pH test (Heinrichs et al., 1985).

Honeydew produced by both Deltocephalus menoni
and Yamatotettix spp. convert red- colored litmus
paper into blue-colored in pH test confirming their
feeding from phloem tubes of the plant. All other test
insect spp did not respond to the litmus paper test,
showing they are not feeding from phloem tissues of
the plant.

Potential vectors of the sugarcane WLD

Deltocephalus menoni and Yamatotettix spp. exhibit
similar feeding ability and feeding location on
sugarcane as Deltocephalus menoni and Yamatotettix
spp. stand out due to their feeding on the phloem,
response to the pH test, and large salivary flange
production, making them significant potential vectors
of WLD in sugarcane. Among two cicadalids,
Deltocephalus menoni is already identified as a vector
of the sugarcane white leaf disease phytoplasma
(Senevirathne, 2008; Chanchala et al., 2019).

The other species contribute to physical damage and
honeydew-related issues but lack the direct disease
transmission capacity associated with phloem feeders.
Literature confirmed that, Kolla ceylonica and
Tropidocephala signata are not capable of acting as a
vector to the WLD in Sri Lanka (Senevirathne, 2008
and SRI, 2017). Accordingly, Yamatotettix spp.
exhibits its potential to act as a vector for sugarcane
WLD which will require further confirmation by
conducting disease transmission tests.

Yamatotettix ~ spp.,  particularly  Yamatotettix
flavovittatus, is a leafhopper that feeds on sugarcane
and poses a significant threat due to its role as a vector

for the sugarcane white leaf disease phytoplasma
(Hanboonsong et al., 2006; Roddee et al., 2018).
Studies have shown that when these leafhoppers feed
on infected plants, they can acquire the pathogen and
transmit it to healthy plants, thus perpetuating the
disease within sugarcane fields. This transmission
ability has established Yamatotettix flavovittatus as a
prominent vector, necessitating close monitoring and
effective management strategies to control both the
vector and the spread of WLD in sugarcane-producing
regions (Thein, 2012; Wangkeeree et al., 2021).

CONCLUSIONS

Yamatotettix spp. exhibits its potential to act as a
vector for sugarcane WLD in Sri Lanka. Further
confirmation of the ability of Yamatotettix spp. to
transmit the sugarcane WLD phytoplasma is crucial by
conducting disease transmission test in the future. Leaf
hopper spp. available in all growing areas are also
important in the identification of putative vectors
available in particular sugarcane growing areas of the
country.
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ABSTRACT

Maize seed quality deteriorates during storage, resulting in reduced germination and poor crop establishment. Seed
coating technology, which applies thin polymer layers to seeds, offers protection against biotic and abiotic stresses
and may improve seed storability. This study evaluated the effects of different seed coatings and storage
temperatures on maize seed quality and storability. Two film-coating polymers, ready-made polymer and
carboxymethyl cellulose (CMC) were combined with fungicide (Homai: thiophanate-methyl 50% + thiram 30% WP)
and insecticide (thiamethoxam 70% WS) to treat two maize varieties (MI Hybrid 4 and MI Hybrid 5). Six coating
formulations and a non-coated control were tested in a completely randomized design with 28 treatments and four
replicates. Seeds were stored in triple-laminated aluminium foil packets at ambient (25°C) and cold (15°C)
temperatures for three months. Germination percentage, seed moisture content, shoot and root length, seedling
length, and seedling vigour index (SVI) were assessed before storage and monthly thereafter. Germination declined
with storage duration in all treatments; however, coated seeds showed a slower rate of decline than non-coated
seeds. After three months, coated seeds maintained higher germination (up to 89.25% in MI Hybrid 4 and 78.0% in
MI Hybrid 5) compared to controls. Seedling vigour index was highest in treatments C2 and C6, exceeding controls
by over 500 units. Coated seeds-maintained moisture content below 12%, while non-coated seeds exceeded this level
after two months. Furthermore, no significant differences in seed and seedling quality were observed between cold
and ambient storage. The seed and seedling quality of coated seeds remained stable during storage, even under
ambient air. Therefore, seed coating is an effective method to enhance the storability of maize seeds while
preserving their quality.

Keywords: Germination, Seed-film coating, Seed quality, Seed storage, Seedling vigour index

INTRODUCTION

Achieving food security requires seed security,
making robust seed systems essential for sustainable
nutritional security (Dadlani & Yadava, 2023).
Uniform and quick seed germination with uniform
seedling emergence ensures improved crop
establishment, creating ideal environments for
growth and vyield formation (Weerakkody &
Mawalagedera, 2020). Consequently, distributing and
producing high-quality seeds for vegetables, pulses,
grains, and oil seeds is increasingly crucial.

Maize (Zea mays) is extensively grown worldwide on
almost 200 million hectares (Lopez-Ridaura et al.,
2021). Globally, maize is vital for human
consumption, animal feed, and industrial products
including starch and biofuel (Reddy et al., 2019).

Maize has proven essential for food security in rural
livelihoods (Tanumihardjo et al., 2019). Despite high
adaptability, low-quality seeds are a major reason for
poor maize productivity (Moharana et al., 2020).

Seed storage aims to ensure consistent supply of
high-quality seeds for planting initiatives (Khadtar et
al., 2018). Due to seasonal nature of agriculture, seed
storage is essential, as seeds naturally lose viability
and vigour during storage (Bhadauria et al., 2019).
Maintaining seed viability is challenging due to
biological factors including pest infestation and seed-
borne pathogen infection, which significantly
contribute to seed deterioration (Priyantha et al.,
2021). Seed degradation causes considerable
reductions in germination, seedling emergence, and
growth (Moharana et al., 2017). In maize, pest and
disease prevalence may reduce yield and quality
(Reddy et al., 2019).
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Locally, farmers frequently store seeds in ambient
conditions, exposing them to  temperature
fluctuations.  Storage temperature  significantly
impacts seed viability, germination rates, and overall
performance. Seed viability and vigour are influenced
by packaging containers, storage conditions, and
duration (Moharana et al., 2017).

Among seed treatments, seed coating offers
opportunities to maintain seed quality by protecting
against soil, air, and seed-borne diseases (Javed et al.,
2022). Coating materials serve as carriers for
applying plant growth stimulants and seed protectants
to seed surfaces where they are most effective. The
coating's slow release prolongs active ingredient
availability to developing seedlings (Dadlani &
Yadava, 2023). Seed coatings have evolved to
provide diverse benefits including pest and fungal
protection, nutrient supply, growth regulation, and
improved seed size for precision planting (Taylor,
2020). Seed film coating is highly effective for
enhancing seed quality and protecting seeds from
biotic and abiotic stresses (Javed et al., 2022).
Considering these advantages, this experiment
studied seed-film coating efficacy on maize seed
quality and storability, and evaluated storage
temperature effects.

MATERIALS AND METHOD
Experimental location and conditions

The experiment was conducted at the Central Seed
Testing Laboratory (CSTL) and the Vegetable Seed
Centre (VSC), Peradeniya, Sri Lanka, from August
2023 to February 2024. All laboratory experiments
were carried out under controlled conditions
following International Seed Testing Association
(ISTA) guidelines. Germination tests were conducted
in a germination chamber maintained at 25°C, while
seed storage was carried out under ambient
conditions (25°C) and cold room conditions (15°C)
using triple-laminated aluminium foil packaging.

Seed material

Certified maize (Zea mays L.) seeds of two hybrid
varieties, MI Hybrid 4 and MI Hybrid 5, were used in
this study. Seed lots with an initial germination
percentage above 75% and seed moisture content
below 12% were selected from the Seed and Planting
Materials Development  Centre (SPMDCQ),
Peradeniya, Sri Lanka.

Experimental design

The experiment was arranged in a factorial
Completely Randomized Design (CRD) with three
factors: seed film-coating formulation (six coated
treatments and one non-coated control), maize variety
(Ml Hybrid 4 and MI Hybrid 5), and storage
temperature (ambient and cold storage). Each
treatment combination consisted of four replicates,
resulting in a total of 28 treatments.

Seed film-coating formulations

Six seed film-coating formulations (C1-C6) were
evaluated against a non-coated control (CO) for each
maize variety (Table 1). Two polymers were used: a
ready-made liquid polymer containing a colorant, and
carboxymethyl cellulose (CMC). All coating
formulations included the fungicide Homai
(thiophanate-methyl 50% + thiram 30% WP) and the
insecticide Thiamethoxam 70% WS at recommended
rates.

Table 1. Seed film coating formulations used per kg
of maize seeds

Per kg of seeds

Coating 0Og polymer+ 0g Homai + Og
0 (Co) Thiamethoxam+ Oml distilled water

Coating 10g readymade polymer+ 2g Homai + 1g
1(C:)  Thiamethoxam +25ml distilled water

Coating 15g readymade polymer+ 2g Homai + 1g
2(Cy)  Thiamethoxam+ 25ml distilled water

Coating 20g readymade polymer+ 2g Homai + 1g
3 (Cs) Thiamethoxam+ 25ml distilled water

Coating 20ml 1% CMC + 2g Homai + 1g
4 (Cy) Thiamethoxam + 20ml colorant

Coating 20ml 15% CMC + 2g Homai + 1g
5 (Cs) Thiamethoxam + 20ml colorant

Coating 20ml 2% CMC + 2g Homai + 1g
6 (Ce) Thiamethoxam + 20ml colorant

Seed coating procedure

Seed film coating was carried out using a mechanical
seed coating machine at the Vegetable Seed Centre,
Gannoruwa, Sri Lanka. For each formulation, the
required quantities of polymer, fungicide, and
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insecticide were measured and mixed with distilled
water in the machine’s liquid mixing tank. Seeds
were coated uniformly and collected in polyethylene
bags after completion.

Since film coating temporarily increased seed
moisture content, the coated seeds were dried in a
forced-air oven at 35-40°C for 10-12 hours until
moisture content decreased below 12%. For storage,
45 g of seeds per replicate were weighed, packed in
triple-laminated aluminium foil packets, machine-
sealed, and stored under ambient (25°C) and cold
room (15 °C) conditions at the Seed Certification
Service, Gannoruwa, Peradeniya. Seed quality
assessments were conducted before storage and at 1,
2, and 3 months after coating.

Data collection
Germination percentage

For each treatment, four replicates of 100 seeds were
placed in sand-filled germination boxes and
incubated in a germination chamber at 25°C.
Germination percentage was determined according to
International Seed Testing Association (ISTA)
guidelines by counting number of germinated
seedlings with well-developed cotyledons, hypocotyl,
epicotyl, primary roots, and true leaves. Abnormal
seedlings and dead seeds were excluded, and final
germination was recorded on the seventh day.
No.of Germinated Seedings

G ination % = x 100
ermination % Total seedlings

Seed moisture percentage

For each treatment, four replicates of five grams of
ground seeds were placed in pre-weighed moisture
containers. The containers with samples and lids
were weighed, then dried in a hot air oven at
103+2°C for four hours using the low constant
temperature method (ISTA Rules, 2023). Samples
were cooled in a desiccator and reweighed to
calculate moisture percentage.

M, — M3
M, — M,

Moisture % = X 100

where,

M3 = weight of container with lid (g)

M. = weight of the container with lid and seeds
before drying (g)

M3 = weight of the container with lid and seeds after
drying (9)

M — M3 = Moisture loss
Mz — M = fresh weight of the sample
Root length

Five normal seedlings were randomly selected from
all replicates per treatment on the seventh day after
germination. Root length was measured from the
primary root tip to the hypocotyl base using a scale,
and the mean root length was expressed in
centimetres.

Shoot length

The same five seedlings used for root length
measurement were assessed for shoot length on the
seventh day after germination. Shoot length was
measured from the first leaf tip to the hypocotyl base,
and the mean shoot length was expressed in
centimetres.

Seedling length

Seedling length was calculated as the sum of root and
shoot length on the seventh day after germination,
with the mean expressed in centimetres.

Seedling Vigour Index (SVI)

SVI was calculated by multiplying germination
percentage by mean seedling length (Abdul-Baki and
Anderson, 1973).

SVI = seed germiation%
x mean seedling length (cm)

Statistical data analysis

The Replicated Generalized Linear Model (PROC
GLM) was used to analyse the observation ratio
scale. The repeated mixed model was used to analyse
count and percentage data, mean separation was done
using least square means (LS means). The discrete
variables (i.e., count data) were subjected to non-
parametric analysis (PROC CATMOD). Statistical
Analysis System version 9.4 was used. All
significances were declared at p=0.05.
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RESULTS AND DISCUSSION

Germination percentage of maize seeds decreased
with increasing storage period, but the reduction rate
was lower in coated seeds compared to non-coated
controls (Table 2). Overall, polymer-coated seeds
maintained higher germination because the coating
particles act as a moisture-attracting “wick,”
accelerating  germination  during  imbibition
(Manoharapaladagu et al., 2017).

In MI Hybrid-4, germination declined gradually over
three months. The highest germination after three
months was recorded in C2 and C6 formulations,
with similar values under both ambient and cold
storage. In contrast, uncoated control seeds (CO)
showed a reduction of more than 10% over the same
period. Most other coatings showed moderate
reductions, while differences between storage
temperatures were minimal. Overall, germination
remained commercially acceptable (>75%) for all
coatings.

Table 2. Influence of seed coating formula and storage temperature on germination (%) of maize

Temperature Treatment Initial month Month 1 Month 2 Month 3
Ml Ml Ml Ml Ml Ml Ml Ml
Hybrid  Hybrid Hybrid4 Hybrid5 Hybrid4 Hybrid Hybrid Hybrid
4 5 5 4 5
Ambient T Co 90.58 78.5¢ 86.5F 75 84.5F 736 81F 68.5F
C: 914 808 88PE 76.758°0  86.25PF  75.25PEF  8525CD 74 5CD
C. 92A 81~ 90.58 808 90”8 78.75%8  89.25%  78A
Cs 90.58 79¢ 88.75°®  76.75BCP  86.25PF  75.25PEF  83,75PE  7325PE
Cs 90.58 78.5¢ 87.75PF  77.75BC  87.25CPE  7525DEF  83.75PE  74,5CD
Cs 918 808 88.75¢0  78BC 88.258CD  77CDE 85.5¢0  74,75¢P
Cs 924 81~ 90.58 808 90”8 78.75%8 89~ 77.754
Cold Co 90.58 78.5¢ 86.5F 75 84.5F 736 81F 68.5F
room T C1 918 808 89¢P 77.758C  88.25BC0  77.258C  87.5BC  76,758C
C 924 81~ 91.754 81.254 90.25% 80.25% 89.50~ 787
Cs 90.58 79¢ 89.258CD  77.25BCD g7 25CDE 75 p5DEF  8gBCD 73.75P¢
Cs 90.58 78.5¢ 88PE 788¢D 87.758CD  76.25PEF  g75BC  7525CD
Cs 918 808 89.258CD  77.25BCD g9 25BC  77.25BC  88.25B  76.25BC
Ce 924 81~ 91.754 81.254 90.254 80.254 89.25%  77.75%
SE 0.27 0.27 0.65 0.65 0.87 0.87 0.87 0.87

In MI Hybrid-5, C2 and C6 also maintained the
highest germination (78%) after three months,
irrespective of storage temperature, with only about a
3% reduction during storage. Uncoated seeds
exhibited the lowest germination (68%) with a
reduction of over 10%, while other coatings showed
approximately 5% reduction. Differences between
ambient and cold storage were negligible. Table 2
presents the detailed germination percentages of all
treatments at different storage intervals.

Seed coating treatments significantly influenced
shoot length, root length, seedling length, and

seedling vigour index (SVI) of maize seeds stored for
three months under both ambient and cold room
conditions (Table 3). After three months of storage in
MI Hybrid-4, shoot lengths of all coated treatments
were significantly higher than the uncoated control,
irrespective of storage temperature (Table 3). The
difference exceeded 1 cm. Highest shoot lengths
(over 19.0 cm) were observed in C2 and CB6,
significantly higher than other treatments. C1 and C5
recorded similar shoot lengths to C2 and C6 under
ambient storage. Storage conditions did not
significantly affect shoot length within coating
treatments (Table 3).
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Table 3. Effect of seed coating with polymer, fungicide and insecticide and storage temperature on shoot length
(cm), root length(cm), seedling length(cm) and seedling vigour index (SVI) of maize seeds after three months of
storage

Shoot length Root length Seedling length SVI
Temperature  Treatment Ml Ml Ml Ml Ml Ml MI Hybrid Ml Hybrid
Hybrid4  Hybrid Hybrid4 Hybrid5 Hybrid4 Hybrid 4 5
5 5
Ambient T Cco 17.16¢ 16.56 20.45P 19.54¢ 38.11F 36.10F  3231.15¢ 2546.23¢
C1 18.768¢0  18.017F¢  22.02¢ 20.98°P  40.68F 38.89¢P  3561.7PFF 2976.69PEF
C2 19.0748 18.31BC  22.34AB  2117ABC 415948 394178  3713.038 3120.78
C3 18.61C°PEF  18.105F  21.96° 20.90°P  40.58F 38.95CP  3545.465F 2930.53FF
C4 18.72CPE  17.956H  21.96° 21.03°P  40.69F 38.77PF  3559.86PFF  2960.3PEF
C5 18.838¢ 18.05F¢  22.23ABC 2096  41.068P  39.01°°P  3630.76°  3000.03¢P
C6 19.1078 18.30BC  22.23ABC 21 19ABC 414978 396978  3713.038 3120.78
ColdroomT CO 17.456 16.73' 20.7° 19.76F 38.15F 36.50F  3233.25¢ 2532.81¢
C1 18.838¢ 18.16PF  22.11ABC  21.04BC  40.95°PE  39.20BC  3620.96°°F  3056.18CPE
C2 19.22A 18.48~  22.39A 21.3A 41.61A 39.78%  3772.06 3197.457
C3 18.81BCP  18.03F¢  22.048¢  20.96°°  40.86PF  38.63°F 3538.68F 2961.21F
c4 18.865¢ 17.966H  22,12ABC  20.98°P  40.98CPE  38.94°C  3622.84CPE 2999 39CPE
C5 18.878¢ 18.18PF  22.18ABC  21.068C  41.068°P 39.258C  3673.28C 3049.81B¢
Cé6 19.27A 18.47A  22.38~ 21.3A 41.64 39.71~4  3768.64A 3197.457
SE 0.12 0.12 0.11 0.11 0.22 0.22 29.11 29.11

values between storage conditions (Table 3). All six
coatings showed higher seedling lengths than the
control, with differences around 3.0 cm. C5 under
both storage conditions showed similar values to
ambient storage of C2 and C6. Seedling lengths were
not different between storage temperatures in any

In M1 Hybrid-5, shoot lengths were highest in C2 and
C6 under cold conditions, followed by ambient
storage of the same treatments (Table 3). The
uncoated control recorded the lowest shoot length,

with a differ_e_nce exceeding 1.5 cm unde_r both treatment (Table 3).

storage conditions. Storage temperature did not

significantly affect shoot length within respective In Ml Hybrid-5, highest seedling length was
coating treatments. observed in C2 and C6, with both storage conditions

statistically similar (Table 3). C5 and C1 under cold
storage showed similarity to ambient storage of C2
and C6. All coatings showed higher seedling lengths
than the control, with differences exceeding 3.0 cm.
Seedling lengths were similar within each coating
treatment under both storage temperatures.

In MI Hybrid-4, highest root lengths were observed
in C2, C5, and C6 under both storage conditions.
Additionally, C1 and C4 under cold storage showed
root lengths greater than 22.0 cm, statistically similar
to the highest values. Root length difference between
coated and uncoated treatments exceeded 1.50 cm
(Table 3). Root lengths were similar between storage After three months in MI Hybrid-4, highest SVI was
conditions within each treatment. recorded in C2 and C6 under cold storage, followed
by ambient storage of the same treatments (Table 3).
Cold storage of C5 showed similar SVI. The lowest
SVI was observed in the non-coated control. All
coatings showed SVI more than 500 units higher than
the control. Significant differences between ambient
and cold storage were observed only in C2 and C6.

In MI Hybrid-5, root lengths were highest in C2 and
C6 under cold storage, though ambient storage was
statistically similar (Table 3). All coating treatments
showed root lengths similar to ambient storage of C2
and C6. The non-coated control recorded the lowest
root length (19.5 cm) under both conditions, 1.5 cm

lower than coated treatments. Root lengths were In MI Hybrid-5, highest SVI was recorded in C2 and
similar between storage conditions within each C6 under cold storage. Ambient storage of C2 and C6
coating treatment. recorded similar SVI to cold storage of C1 and C5

(Table 3). The non-coated control showed the lowest

After three months in MI Hybrid-4, highest seedling SVI, with difference exceeding 500 units. Significant

length was observed in C2 and C6, with similar
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differences between storage conditions were

observed only in C2 and C6.

Table 4: Effect of seed coating with polymer, fungicide and insecticide and storage temperature on moisture % of

maize seeds after three months of storage

Initial month Month 1 Month 2 Month 3
Ml Ml Ml Ml Ml Ml Ml Ml
Temperature Treatment  Hybrid  Hybrid  Hybrid  Hybrid  Hybrid  Hybrid  Hybrid Hybrid
4 5 4 5 4 5 4 5
Ambient T  CO 11.34 11.37 11.92 12 12.22 12.72 12.42 13.02
C1 11.2 11.27 11.3 114 11.32 11.62 11.3 11.87
Cc2 11.27 11.17 11.37 11.32 11.52 11.5 11.72 11.72
C3 11.2 11.2 11.42 11.32 11.47 11.27 11.6 11.42
C4 11.17 11.37 11.47 11.37 11.42 11.42 11.55 11.52
C5 11.07 11.3 11.2 11.47 11.2 11.47 11.3 11.57
C6 11.02 11.27 11.1 11.37 11.07 11.57 11.2 11.8
Cold room Co 11.3 11.3 11.87 12.02 12.12 12.82 12.42 13.12
T C1 11.2 11.27 11.27 11.35 11.47 11.75 11.6 11.87
c2 11.27 11.17 11.3 11.32 11.57 11.7 11.72 11.8
C3 11.2 11.2 11.47 11.57 11.37 1177 115 11.95
C4 11.17 11.37 114 11.47 114 11.5 11.47 11.7
C5 11.07 11.3 11.2 11.3 11.22 11.3 11.2 11.4
C6 11.02 11.27 11 11.3 11.07 11.27 11.2 11.45
Seed moisture content of maize seeds increased deterioration and protect against pests and diseases
gradually during storage under both ambient and cold (Gowda et al., 2018). This study proved all six
room conditions in MI Hybrid-4 and MI Hybrid-5 coating formulations showed lower seed deterioration
(Table 4). After three months in both MI Hybrid-4 compared to uncoated control, with the two
and MI Hybrid-5, all coating treatments-maintained aforementioned  combinations  delivering  less
seed moisture percentage well below 12% under both deteriorative impact.
storage temperatures (Table 4). The moisture . L
percentage of non-coated control exceeded 12% Polymer ~ seed coating  significantly  affects
during three-month storage, irrespective of storage germination, - seedling vigour, growth, and yield
conditions (Table 4). improvement |n_ cc_)wpea_, _malze, and nqutard when
used alone or with insecticides and fungicides (Reddy
Seed-film coating promotes early emergence, growth, et al., 2019), as similarly observed in this study. In
and yield of maize by establishing seedlings with field conditions, external environment greatly
greater vigour (John et al., 2005), as similarly influences seed emergence; thus, adding Homai and
observed in this study. Coated seeds delivered better Thiamethoxam during coating benefits pest and
seedling qualities; thus, field establishment may be disease mitigation.
similar to laboratory conditions, with coating . ] . ]
compounds  significantly influencing establishment Moisture content is a major factor affecting seed
and early growth. The C6 (20ml of 2% Carboxy quallty_ deterloratl_on during storage._ M.0|sture
Methyl Cellulose (CMC) + 2g Homai + 1g absorptlop can trigger _volunt_eer germination or
Thiamethoxam + 20ml colorant), and C2 (159 ready- reduce V|ab|I|ty_. In studies using watermelon and
made polymer + 2g Homai + 1g Thiamethoxam + okra seeds, mglsture _content in non-coated control
25ml distilled water) performed best at tested was comparatively hlgher than coated treatmepts
conditions. throughout storage (Priyantha et al., 2021). Coating
facilitates moisture retention to maintain seed
Senescence in seeds is inevitable and irreversible. viability for longer periods even under ambient
Polymer coating is a pre-storage treatment used alone conditions. In this study, all coating methods retained
or with fungicides and pesticides to slow seed
E—
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moisture at accepted range for three months under
both storage conditions.

Lower than 20°C and 50% humidity is ideal for
storing uncovered seeds long-term, and seeds need
waterproof containers (Rahmawati & Agil, 2020).
Critical barrier qualities of packing material affecting
shelf life are water vapor and oxygen transmission
rates (Dutta & Dutta, 2016). Triple laminated
aluminium foil's water vapor transmission rate was
0.2910 g/m2/day and oxygen transmission rate were
0.21993cc/m#/day (Robertson, 2013). In tomato seed
studies, triple laminated aluminium foil prevented
moisture content fluctuation (Ariyarathna et al.,
2020). Similarly, triple laminated aluminium
packaging minimized seed quality deterioration
despite storage temperature.

Since facilitating controlled conditions involves huge
cost, polymer seed coating is an alternative approach
to maintain seed quality during ambient storage
(Gowda et al., 2018). In this study, coated seed
quality deterioration was minimum under ambient
storage. Although this study ended within three
months, seed moisture, germinability, and seedling
vigour suggested possibilities of longer storage
periods.

CONCLUSIONS

Germination percentage of seed coating formulations
remained unaffected compared to the uncoated
control. Seedling vigour index of all seed coating
formulations  exhibited remarkable  resilience,
demonstrating no significant deviation when
compared to control treatment. Each seed-coating
formulation displayed an elevation in terms of shoot
lengths, root lengths, and seedling lengths, surpassing
those observed in the non-coated seeds.

After three months of storage, the seed moisture
percentage was below 12% in the coated treatments,
while the moisture content of the non-coated
exceeded 12%. Seed and seedling quality were
unaffected by storage temperature. The seed and
seedling quality of coated seeds remain unchanged
during the storage period even under ambient air
conditions. The coating with 20ml of 2% Carboxy
Methyl Cellulose + 2g Homai + 1g Thiamethoxam +
20ml colorant (C6) and 15g readymade polymer+ 2g
Homai + 1g Thiamethoxam+ 25ml distilled water
(C2) were found to be very effective; hence

recommended as effective seed-film coatings for
improving seed quality and enhancing storage life.
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ABSTRACT

Catharanthus roseus, valued for both ornamental value and medicinal properties, shows substantial genetic variation
when growing propagated from seeds. This leads to wide differences in alkaloid content and agronomic traits among
plants. Vegetative propagation is important for transferring genetic characteristics to the next generation without
inducing variability; therefore, it plays a key role in the plant breeding program of C. roseus. The aim of the present
is to develop an effective vegetative propagation protocol for C. roseus. The experiment was conducted using a two-
factor factorial completely randomized design incorporating three types of stem cuttings of C. roseus native plants
(softwood, semi-hardwood, and hardwood) and five growing media (sand, coir dust, 1:1 volume basis mixture of
sand:coir dust, sand:compost, and sand:topsoil). Prior to planting, stem cuttings were treated with Captan 50% w/w
fungicide and 0.3% Indole Butyric Acid powder. All cuttings were maintained in a mist-propagator environment under
50% shade condition. Data were recorded in the fifth week after the propagator opened on survival rate, number and
length of newly produced shoots, number of roots, and fresh root weight. The results indicated that there were an
interaction effect of growing media and the cutting types on root number and the root fresh weight. Accordingly, tip
cuttings of C. roseus grown in sand alone medium demonstrated superior rooting performance, producing the highest
mean number of roots and the greatest fresh root biomass during the experimental period. In contrast, semi-hardwood
cuttings exhibited significantly the highest numbers of newly produced shoots per cutting. Tip cuttings had a 100%
survival rate, demonstrating significantly higher success. This study demonstrated the high potential of stem cutting
propagation in C. roseus, enabling effective plant multiplication within a relatively short period.

Keywords: Catharanthus roseus, Vegetative propagation, Stem cuttings, Growing media, Propagator

INTRODUCTION

Catharanthus roseus (L.) G. Don (2n=16), commonly
known as Madagascar periwinkle is one of the most
beautiful flower species in the family Apocynaceae
which has gained global recognition due to its high
adaptability and exceptional pharmaceutical value.
The genus Catharanthus includes seven species
besides C. roseus, namely C. coriaceus, C. lanceus, C.
longifolius, C. ovalis, C. pusillus, C. scitulus and
C.trichophyllus, of which C. pusillus is endemic to
India whereas others are endemic to Madagascar
(Gupta et al., 2008). Besides its aesthetic charm,
marked by beautiful five-lobed flowers in shades from
white to dark pink, C. roseus is well recognized for its
abundance of alkaloids, featuring over 125 indole and
dihydroindole alkaloids (Mujib et al., 2022).

Although, seed propagation of C. roseus is commonly
favored due to its ease and high germination rates
when conditions are optimal, its commercial
cultivation is hindered by the genetic variability of
such seed-propagated plants, leading, for example to
inconsistent alkaloid yields (Rai et al., 2022), and
heterogeneity in  important agronomic  and
biochemical traits, such as flower color and plant
vigour (Jaleel et al., 2009). This variability can limit
the pharmaceutical industry's ability to obtain the
uniformity and consistency in secondary metabolite
content that is necessary.

As a result, vegetative propagation has become a
reliable alternative for preserving true-to-type traits
and ensuring genetic consistency. Stem cuttings,
especially those from softwood (Sadowska et al.,
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1983) and semi-hardwood are commonly employed to
create uniform planting material, with success rates
significantly affected by factors such as hormonal
applications (Pandey, 2017), the physiological
maturity of the cutting, environmental conditions, and
the physical and chemical characteristics of the
growing medium. Previous research has shown that
auxin-based rooting enhancers and well-aerated
substrates notably enhance rooting efficiency, shoot
growth, and the overall survival rate of plants that are
propagated vegetatively (Rout and Sahoo, 2015).
Studies on related species within the Apocynaceae
family further emphasize the necessity of choosing
suitable rooting media and hormone treatments to
optimize propagation results (Kentelky et al., 2023).

In this context, creating an effective vegetative
propagation protocol for Catharanthus roseus is
crucial for both commercial farming and the
production of medicinal compounds. Consequently,
this study seeks to assess the impact of various stem
cutting types and growing media on the successful
propagation of Catharanthus roseus. By determining
the most effective combinations for root and shoot
growth, the research aims to establish optimized and
consistent  protocols that benefit horticultural
management and the sustainable production of this
important medicinal plant.

MATERIALS AND METHOD
Preparation of growing media:

Five types of growing media were evaluated to
identify the most suitable medium for propagating
each cutting type. The media included sand only (M1),
coir dust only (M2), sand and coir dust at a 1:1 ratio
(M3), sand and compost at a 1:1 ratio (M4), and sand
and topsoil at a 1:1 ratio (M5). Sand, compost and
topsoil were sieved using a 0.6 cm mesh. Coir dust was
washed thoroughly before use. Sand and coir dust,
sand and compost, sand and topsoil were mixed in a
1:1 ratio (v/v) to prepare medium three, four and five
(M3, M4 and M5) respectively.

Preparation of cuttings

Planting materials were collected from the mother
plant stock maintained at UCIARS premises and
coastal areas. According to the maturity stage of the
stem, three different types of stem cuttings were
tested. They were,

1. Softwood cutting (Tip cutting) — C1

2. Semi hardwood cutting — C2
3. Hardwood cutting - C3

Tip cutting (Sceg;i hardwood I(—ga;;jwood

Plate 1. Effect of different cutting types on cutting survivability of
Catharanthus roseus

All three types of cutting were tested such as 20cm soft
wood cutting with a tip and 20cm semi hardwood and
hardwood cuttings without leaves.

Cuttings were separated using sharp secateurs and they
were prepared as 15cm length. Sharp cuts were made
closer to a node at a 45° angle (Plate 1). Prepared
cuttings were put into water and established on
polybags after applying commercially available
rooting hormone; 0.3% IBA to the lower end. All the
planted pots were treated with Captan 50% (w/w)
fungicide. The mist propagators were established and
a Complete Randomized Design (CRD) with a two-
factor factorial arrangement (3x5) was employed,
including three types of cuttings (Factor 1) and five
different growing media (Factor 2) as described above,
with five replicates for each treatment.

After establishing the cuttings of Catharanthus roseus
in poly bags, they were watered and kept in a sealed
mist propagator under 50% shade condition for 5
weeks.

Data collection

Propagator was opened and data was recorded 5 weeks
after establishment. Data collection was done using a
destructive sampling method. Each cutting was
carefully extracted from its pot, and the rooting
medium was gently washed away to expose the root
system. Following parameters were recorded.

Published by University of Colombo Institute for Agro-Technology and Rural Sciences 39



ISSN: 2792 — 1360

Journal of Agro-Technology and Rural Sciences

Volume 5, Issue 1; June 2025

« Survival percentage (%)

Survival P taged No.of survived plants 100
= X
urviva: Fercentaget Total no.of plants established

* Newly produced shoots per cutting (Nos)
* Shoot length (cm)

* Root number

* Root fresh weight (g)

Upon opening the propagator, all cuttings were
thoroughly watered, and care was taken to uproot them
gently. The soil particles were then removed, and data
were systematically recorded. Cuttings were deemed
to have survived if both the above-ground and below-
ground portions remained alive. During the
experimental period, the number of newly produced
shoots was counted for each cutting and recorded
accordingly. Shoot length was measured from the base
of the shoot at the main stem to the apex of the leaves
using a ruler. Roots that initiated from the main stem
were counted to determine the total number of roots
produced by each cutting. These roots were carefully
separated from the cuttings using sharp secateurs and
subsequently weighed using an analytical balance. The
root fresh weight was recorded.

Data analysis

Collected data were statistically analyzed through
ANOVA procedures using SAS statistical software
version 9.1.3. Treatment means were compared using
Duncan’s Multiple Range Test (DMRT) at 5%
significance level.

RESULTS AND DISCUSSION
Survivability

No significant interaction was observed in 5" week
between cutting type and potting media on
survivability of Catharanthus roseus cuttings. Only
the cutting type showed a significant effect on cutting
survivability (P < 0.05), such as tip cuttings
demonstrated 100% survival, semi-hardwood 76%,
and hardwood with 36% survival. Only the tip cuttings
were totally survived after 5 weeks from planting with
zero mortality rate (Figure 1).

Tip cuttings are derived from actively growing apical
regions that contain higher concentrations of
endogenous auxins and meristematic cells. Auxins
such as indole 3 butyric acid (IBA) and indole 3 acetic
acid (IAA) play a central role in initiating adventitious

root formation, a critical determinant of cutting
survival and establishment. Auxin mediated regulation
of cell dedifferentiation and root primordia initiation
underpins successful vegetative propagation from
cuttings, and this process is most effective in tissues
with active growth potential (Blythe et al., 2007).
Catharanthus roseus tip cuttings achieved 100 %
survivability because they inherently possess
physiological and anatomical attributes that enhance
rooting competence and stress resilience compared to
more mature stem segments. The higher endogenous
auxin levels and meristematic activity at shoot tips
accelerate adventitious root formation, while greater
metabolic reserves and less lignification reduce
physiological constraints that commonly lead to
cutting failure in semi hardwood and hardwood types.

120 -
100 A
80 -

a
b
60 -
C
40 -
20- .
0 . . .

Tip cutting  Semi Hardwood  Hardwood

Survival Rate %

Stem cutting type

Figure 1. Effect of different cutting types on cutting survivability of
Catharanthus roseus

The values represent the mean + standard error of 5 replicates.
Different letters indicate significant differences at the 5%
probability level.

Number of new shoots emerged per cutting

There was no significant interaction effect found
between the cutting types and the medium (P > 0.05).
Potting medium and cutting type showed a significant
effect individually on number of new shoots emerged
per cutting (Table 1).

The results demonstrated that the growing medium
significantly influenced (P<0.05) the number of newly
produced shoots per cutting (Table 1). In the 5™ week,
sand (1.20) and the mixture of coir dust + sand (0.93)
and topsoil + sand (0.73) yielded the significantly
higher number of newly produced shoots when
compared to other treatments. The coir dust alone
media (0.60) and sand + compost (0.60) media
produced significantly lower shoots per cutting. This
suggests that certain growing media, particularly sand
promote more vigorous shoot production compared to
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other media, possibly due to better drainage and
aeration, which is required for root and shoot
development.

Table 1: Effect of different cutting types and potting media on
number of newly produced shoots per cutting

cutting type. Anyhow, significant differences were
observed among only the cutting types on shoot length
(P<0.05).

Table 2: Effect of different cutting types and potting media on length
of newly produced shoots of Catharanthus roseus

Cutting (C) Mean value of newly produced shoot
length (cm)

Tip 0.00b

Semi hardwood 2.24a

Hardwood 1.96a

P value 0.000

Medium (M) Mean value of newly produced shoots (Nos)
Sand 1.20a
Coir dust 0.60b
Coir dust + Sand 0.93ab
Sand + Compost 0.60b
Topsoil + Sand 0.73ab
P value 0.030
Cutting (C) Mean value of newly produced shoots (Nos)
Tip 0.00c
Semi hardwood 1.80a
Hardwood 0.64b
P value 0.000

Means followed by the different letters in the same column are
significantly different at 5% probability level.

The type of cutting used also had a significant effect
on shoot production. In the 5 week, semi-hardwood
cuttings produced the highest number of shoots, with
an average of 1.80 shoots per cutting. These results
were significantly higher when compared to both
hardwood and tip cuttings. Hardwood cuttings
produced fewer shoots (0.64), while tip cuttings
showed no new shoot production. Semi-hardwood
cuttings consistently outperformed both hardwood and
tip cuttings, which may be attributed to their
intermediate lignification, allowing for better rooting
and shoot formation compared to hardwood cuttings.
Furthermore, tip cuttings being less mature probably
faced challenges in forming new shoots due to
insufficient physiological readiness. Further, Meerow,
(2007) mentioned that the absence of shoot production
in tip cuttings, may be due to apical dominance, where
terminal auxins suppress lateral buds to prioritize root
development overshoot multiplication.

Length of newly produced shoots

Results in table 2 on shoot length revealed that there
was no significant interaction between medium and

Means followed by the different letters in the same column are
significantly different at 5% probability level

Tip cuttings produced the lower number of new shoot
growth throughout the entire observation period.
Semi-hardwood cuttings and hardwood cuttings
showed the significantly higher shoot elongation
reached 2.24 cm and 1.96 cm respectively when
compared to the tip cuttings.

These findings are aligned with established research
highlighting the critical role of cutting characteristics
and media composition in successful propagation.
Hartmann and Kester (1975) reported that leaf
presence on cuttings promotes root development,
while Ismail (2011) confirmed that shoot tip cuttings
of Dieffenbachia species achieved superior rooting
percentages compared to alternative cutting types.
Supporting evidence from Eed et al. (2015) in their
Bougainvillea experiment showed that mixed media
significantly outperformed single-component
substrates, with soil and sand combinations (1:1 ratio)
producing the greatest plant height, while soil-only
media yielded the poorest growth results among all
tested compositions.

Number of roots produced per cutting

Root number showed a significant interaction (P <
0.05) in between cutting types and the growing
medium (Table 3).

Among the cutting types, tip cutting exhibited the
highest growth when grown in sand, showing the best
performance across all mediums. Root number
showed a significant interaction (P < 0.05) where, tip
cuttings in the sand medium produced the highest
number of roots (30.4 roots) compared to all other
treatment combinations (Table 3). Other media used
for tip cuttings showed significantly lower
performance when compared to the tip cutting in the
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sand media as sand + compost (13.2 roots), coir dust +
sand (11.2 roots), coir dust (10.2 roots), and topsoil +
sand (9.4 roots), but there was no significant
difference among them. Semi-hardwood (0.6 roots)
and hardwood cuttings (0.6 roots) in sand: compost
medium demonstrated the significantly lowest root
production when compared to tip cutting in sand
media, while all treatments in semi hardwood and
hardwood cuttings across all media were not
significantly increased the root number (Plate 1 & 2).

Table 3: Interaction effect of different cutting types and potting
media on number of roots of Catharanthus roseus

Cutting (C) Medium (M) Mean number of
roots (Nos)
Tip Sand 30.4a
Coir dust 10.2bc
Coir dust + Sand 11.2bc
Sand + Compost 13.2b
Topsoil + Sand 9.4bc
Sand 6.8bc
Semi hardwood Coir dust 8.2bc
Coir dust + Sand 8.0bc
Sand + Compost 0.6¢c
Topsoil + Sand 8.0bc
Sand 5.6bc
Hardwood Coir dust 8.2bc
Coir dust + Sand 2.2bc
Sand + Compost 0.6¢c
Topsoil + Sand 3.6bc
P value C 0.000
M 0.000
CxM 0.000

Means followed by the different letters in the same column are
significantly different at 5% probability level.

Variability in plant propagation can be attributed to
differences in the physical properties of growth media
(Khayyat et al., 2007) and their capacity to supply
optimal air and water ratios to develop plants (Baiyeri,
2003). Excessive water retention poses significant
challenges, as water creates barriers to oxygen
diffusion, potentially causing anoxic conditions at
cutting bases that inhibit root development (Loach,
1985). Research comparing sawdust and sand as
growth media revealed that sawdust required
significantly less irrigation than sand or sand-sawdust
mixtures throughout experimental periods, indicating
superior water retention capacity. However, this
enhanced water-holding ability can prove detrimental
to plant development and survival, as demonstrated by
Ofodile et al. (2013) and Caspa et al. (2014). These
findings have important implications for the coir dust,

particularly due to its high-water retention
characteristics.

Plate 2: Vegetatively propagated C. roseus tip cuttings with the
highest root performances

Plate 3: a) Higher number of shoots produced by hard wood
cuttings; b) Poor root performances of hard wood cuttings; c) High
shoot and root performances of semi hardwood of C. roseus

Adventitious rooting is a complex developmental
process that requires competent cells to undergo
reprogramming and subsequent differentiation into
root initials. Young, pliable tissues at shoot tips have
a higher density of responsive cell types capable of
dedifferentiation, which directly enhances rooting
success. This enhanced rooting competence
contributes to rapid root development, improving
water uptake and reducing desiccation stress (Blythe
et al., 2007). Tip cuttings, being taken from actively
growing parts of the plant, tend to have higher
concentrations of hormones, such as auxins, that
promote root formation. In contrast, hardwood
cuttings, taken from mature, woody parts of the plant,
often show slower or reduced root development due to
lower auxin levels and reduced cell activity
(Zandalinas et al., 2021). The results reinforce the
finding that Catharanthus roseus cuttings taken from
young, actively growing shoots (tip cuttings) are the
most suitable for propagation, especially when rapid
and successful rooting is desired. Semi-hardwood and
hardwood cuttings, while still capable of rooting under
appropriate conditions, generally require more time
and precise environmental control to achieve the same
success (Zandalinas et al., 2021).
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Root fresh weight per cutting

Root fresh weight showed a significant interaction (P

< 0.05) between the cutting type and medium (Table
4).

Table 4: Effect of different cutting types and potting media on fresh
weight of Catharanthus roseus roots per cutting

Cutting (C) Medium (M) Mean root fresh
weight (g)

Tip Sand 2.08a
Coir dust 0.16b
Coir dust + Sand 0.36b
Sand + Compost 0.12b
Topsoil + Sand 0.29b

Semi hardwood Sand 0.10b
Coir dust 0.27b
Coir dust + Sand 0.12b
Sand + Compost 0.01b
Topsoil + Sand 0.08b

Hardwood Sand 0.51b
Coir dust 0.06b
Coir dust + Sand 0.01b
Sand + Compost 0.01b
Topsoil + Sand 0.01b

P value C 0.002
M 0.000
CxM 0.032

Means followed by the different letters in the same column are
significantly different at 5% probability level.

Only tip cuttings in sand medium demonstrated
significantly better root development when compared
to all other treatments (Table 4). Root fresh weight of
tip cuttings planted in sand media was recorded as the
significantly highest fresh root weight as 2.08g. Tip
cuttings planted in all media except sand alone, as well
as semi-hardwood and hardwood cuttings planted
across all media, did not show significantly different
root fresh weights and were statistically similar to one
another.

These findings were aligned with several previous
studies. Studies demonstrate that improved aeration in
rooting substrates stimulates metabolic processes and
accelerates root initiation (Yeboah and Amoah, 2009).
Research on Vitellaria paradoxa rooting performance
revealed that media selection significantly influences
cutting success rates. Multiple studies confirm the
substantial impact of growing medium on root

biomass production. Similarly, Haile (2017) found
that rooting media substantially affected root fresh
weight, with agricultural soil producing the lowest
root mass in stem cuttings. These findings align with
earlier research by Shah et al. (2021), which also
identified significant relationships between rooting
material type and root fresh weight in rooted cuttings.

CONCLUSIONS

This research indicates that the effectiveness of
vegetative propagation for Catharanthus roseus is
significantly affected by the type of stem cutting used
and the growing medium. Tip cuttings have great
survivability and tip cuttings planted in sand medium
show the best results in terms of root formation,
whereas semi-hardwood cuttings are more effective
for shoot development. This protocol offers a practical
strategy for generating uniform, true-to-type plants,
which benefits both commercial horticulture and the
reliable production of valuable alkaloids.
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Title: Title should be brief, specific and informative, the scientific name(s) in italics/underlined.

Authors: Names of authors to be typed, in capitals unaccompanied by their degrees, titles etc. Address: Address
of the institution where the work was carried out be given below the name(s) of author(s). Present address of
correspondence should be given as footnote indicating by asterisk the author to whom the correspondence is to
be addressed.

Abstract: The Abstract should be informative and completely self-explanatory, briefly present the topic, state
the scope of the experiments, indicate significant data, and point out major findings and conclusions. The
Abstract should be in about 250 words. Standard nomenclature should be used and abbreviations should be
avoided. No literature should be cited.

Key words: Following the abstract, key words not more than 8 that will provide indexing references should be
listed and in alphabetical order.

Introduction: This should be brief and the review of the literature should be pertinent to the theme of the paper.
Extensive review and unnecessary detail of earlier work should be avoided.

Materials and Methods: It should inform the reader about appropriate methodology etc. but if known methods
have been adopted, only references be cited. It should comprise the experimental design and techniques with
experimental area and institutional with year of experiment.

Results and Discussion: It should be combined to avoid repetition. The results should not be repeated in both
tables and figures. The discussion should relate to the significance of the observations.

Conclusion: In the Conclusion section, state the most important outcome of your work. Do not simply
summarize the points already made in the body, instead, interpret your findings at a higher level of abstraction.
Show whether, or to what extent, you have succeeded in addressing the need that stated in research question.

Acknowledgement: this enable you to thank all those who have helped in carrying out the research. Careful
thought needs to be given concerning those whose help should be acknowledged and in what order and to avoid
strong emotive language

Table and figures: Table numbers should be followed by the title of the table, Line drawings/photographs
should contain figure number and description thereof. The corresponding number(s) of Tables, Figures etc.
should quoted in the text. Size of tables and figures should be below 1 MB.

References: The author should use the author-date format for citations and references (e.g., Hebbar et al. 2006;
Rao, 2001; Hebbar and Rao, 2011). A List of all the references quoted should be provided at the end of the
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publication in brackets. The titles of the articles should be mentioned. Full journal name should be used and be
typed in italics. Volume numbers need to be in bold type and pagination in normal type.

Page/Line Number: Authors are requested to mention Page number and Line number to each line in the MS for
easy and quick review. Text Alignment, line spacing (1.5), word count, figures, tables etc. must be as per
format.

The journal invites full-length articles (not exceeding 6,000 words including references but excluding Tables
and Figures).
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independent reviewers. The responsibility for any statement in the article rests with the author(s). The
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